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St. Paul, in which he excuses himself by saying 
custom of the Romans, and, in , of the 
the West, to touch, much less to remove bodies of 


RELIEF, RELEVIUM, a burden t to feudal tenures, 
being a sum of money paid to the lord on the admittance of a fresh 
tenant. it is a relic of that state of in which the succession 
was not strictly speaking of right, but at the will of the lord, who 


is probably the true etymology of the word. 
so called, ‘‘ quia hereditas que jacens fuit per 


RELIEF [Atto-Ritevo.] 

RELIGION is a Latin word which, according to the common deri- 
vation of it (from religare), means a principle which acts as a restraint 
on the conduct of man. In its more general sense it is used as an 
abstract term to denote our ideas of the existence and character of a 
Divine Being, to whose power men are more or less subject, Thus we 
speak of a sense of religion and the duties of religion, and we call a man 
who regards such subjects as matters of importance @ religious 
person. But as different views have prevailed of the nature of the 
deity and the relation in which man stands to him, various systems of 
religious belief have sprung be ly ahi these systems is called @ 
religion. Thus we speak of the Greek, Hindu, Jewish, Christian, and 
Mohammedan ions. The word is also popularly used to express 
the attention of individuals to the doctrines and duties of the particular 
religion which they may have embraced. In this sense it is synony- 
mous with piety. 

The subjects with which ion has to do are God and man con- 
sidered in the relation in which they stand to each other. It conse- 
q includes all the philosophical questions which can throw light 
upon relation ; for example, those which t the nature of the 
deity, the notions of infinite space and infinite duration, the existence 
and offices of spiri the origin and destiny of the human 
race and of the world they inhabit, the immateriality and immortality 
of the human soul; and all the practical questions which arise out 
of that relation, such as the duties which men owe to God and to each 
other, and the consequences which God may have appointed to follow 
different courses of action. All impressions, notions, and belief upon 
these subjects, whether formed into a system or not, constitute what 


gated, and their origin and results traced out. [THEoLoay. 

The sources from which our notions of religion are derived are either 
the so-called laws of nature and the constitution of the human mind, 
or direct information given to us upon the subject by the deity him- » 
self, whether such information be embodied in any ing form, or 
handed down from one on to another by oral tradition. Religion 
derived from the two former sources is called natural religion ; from 
the last, revealed religion,. [REVELATION.] ) \ 

The fundamental principle upon which all religion rests is the notion 
of the existence of a whose power over us is absolute, whose 
nature is perfect in excellence, to whom we owe certain duties, and 
from whom we have much to hope and fear. The existence of such a 
Being is proved by the evidences which the objects of nature present 
of perfect design, of fixed order, of power sufficient to accomplish 
everything which we can conceive that does not involve a contradiction, 
and which we therefore conclude to be infinite, and of benevolent pro- 
vision for the wants of living creatures, Apart from all such evidence, 
the belief in the divine existence seems to be strongly impressed on 
the human mind, so strongly indeed, that it is a matter of great doubt 
whether even professed atheists have been really such. Lastly, this 
truth may be the subject of revelation; for revelation does not, as 
may at first sight seem, imply as a fact iously known the existence 
of the Being from whomit comes. To the first recipients of the revela- 
tion the very fact of their finding themselves possessed of the 
knowledge of truths beyond the range of human experience would be 
a sufficient proof of the existence of a superior Being, from whom they ~ 
had, in whatever way, obtained such knowledge; and if, in making 
known the revelation to the world, these persons should display a 
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command over the laws of nature beyond the compass of human 
er, or an acquaintance with future events beyond the reach of 
uman knowledge, these miracles and prophecies would prove the 
existence of a superior — whom they had received the power 
to perform the one and foreknowledge implied in the other. 
Thus the revelation itself furnishes a proof of the existence of the 
before unknown revealer, We do not inquire whether the divine 
existence is really proved in either or all of these different ways, 
because the object of this article is to explain the nature of religion, 
not to establish its truth. 

The belief in a God leads at once to the practice of worshipping 
him, on the very same principle gn which all dependants honour and 
look up to those in whose power they are placed. 

The existence of a God once proved, the next question is, In what 
relation do we stand to him’ Are any laws laid down for our 
conduct?! Are we responsible to him for keeping or breaking those 
laws! Are any rewards and punishments appointed for obedience and 
disobeditnoe t 

To these questions it does not appear that natural religion can give 
a perfectly satisfactory answer, though no one can read Bishop Butler's 

nirable work,‘ The Analogy of Religion, Natural and Revealed, to 
the Constitution and Course of Nature,’ without being astonished at 
the amount of information on these subjects which it is there shown 
* that the contemplation of natural phenomena reveals. It seems also 
that a general undefined notion of r ibility is iated in nearly 
all human minds with the idea of divine existence, at least a sense of 
ry ae: sufficient to excite pleasure when we do what we believe 
to good, and remorse when we do what we believe to be evil. 
Again, the connection which we find generally existing between vice 
and misery on the one hand, and virtue and Lecioes on the other, 
impresses upon us the idea that there does exist such a thing as retri- 
butive justice. But at this point we encounter the great difficulty of 
natural religion. Though the general law according to which the 
affairs of the world a) to be governed is, that virtue is followed by 
happiness and vice by misery; and though a full knowledge of the 
circumstances of every case which ap an exception to that law 
ight show us that more real happiness is enjoyed by a virtuous 
than by a prosperous sinner, yet it cannot be denied that dail: 
experience furnishes us with exceptions to this law, numerous enoug! 
to throw great doubt upon its reality, if the period of human 
existence ends with the present life. Accordingly we find the doctrine 
of a future state forming a part of all religious ms, and generally 
connected with some notion of rewards and punishments. - 

Now, if there be a e moral governor who rules the world by 
fixed laws, who has appointed rewards and punishments as the recom- 
pense for obedience and disobedience, and who has constituted man so 
that he shall exist in a future state to receive that recompense, the 

uestion is naturally suggested whether there be any means by which 
consequences of disobedience may be averted. Justice must be an 
attribute of the ruler of the universe, and natural religion affords us 
sufficient proofs of his goodness to justify us in believing that he is 
also willing to show mercy. The question that remains to be answered 
is, how his mercy can be shown without injury to his justice ; and the 
importance of this question is enhanced by the consideration that the 
ears majority of mankind (experience would justify us, apart from 
Christian doctrine of universal depravity, in saying all mankind) 
need the divine forgiveness for at least’ some actions of their lives. 
It is the highest province of religion to furnish an answer to this 
 eeteg ; and here natural religion entirely fails us, for if left to it, 
utmost we could do would be to rest in the exercise of an humble 
faith that some provision has been made by God for the just forgive- 
ness of our sins, though the nature of that provision be unknown to 
us, The matter belongs to revealed religion, and accordingly we find 
in nearly every religion professing to have a divine origin, and in many 
others, the doctrine of an, atonement; that is, of a satisfaction for sin, 
in virtue of which the actual transgressor may be released from the con- 
— of his guilt. 
hese, then, are the elements which seem to be contained in any 
religion suited to the wants of man ; that there exists a supreme Being 
who possesses absolute power over man and the material universe, and 
all creatures therein, and who is to be worshipped by all his rational 
creatures; that he has laid down laws for our conduct, by our 
obedience or disobedience to which we subject ourselves to a recom- 


Saye of reward or punishment, which recom: is awarded ally 
the present life, but more completely in a future state, in which we 
are so constituted as to exist after death; that a ision has been 


made on behalf of those who feel that their conduct lias subjected 
them to the divine displeasure, by availing themselves of which they 
may “apt or the consequences of their guilt without detriment to the 
equity of the divine government; and lastly, that there are certain 
soetiesl rules of conduct by which the intercourse of men with each 
other ought to be governed, and by an attention to whicli the stability 
of the social system may to a great extent be ensured. And all these 
elements of religion are susceptible of proof, either from nature, or 
from human experience, or from revelation. 

RELIQUARY, a case or repository for relics. The term is usually 
confined to the amaller relic-cases, those of large dimensions, whether 
fixed or moyeable, being more commonly designated shrines. When 


the veneration of relics had become universal in the medimval church, 
the practice of enclosing the relic in its own special case, so as to 
preserve it alike from danger of loss and from contact with less sacred 
objects, was generally adopted; and these cases, often gifts to the 
churches, were usually of the finest workmanship of the period, and 
sometimes of very costly materials, iquaries are among the most 
prized remains of mediwval art-workmanship now preserved in the 
eoclesiastical treasuries of the continent and in public museums. They 

of course widely in pecuniary and artistic value, and also in size 

form. Those of earliest date, _—— in character, are fre- 
quently of copper almost wholly enamelled ; and a common form, when 
not a mere casket or coffin, is that of a chapel or basilica, having on the 
sides and ends figures of Christ and the apostles, or the legend of the 
saint whose relics they enclosed. Later, the church form is more 
developed, the sides and gable-ends having, especially in French and 
German examples, columns, arches, crockets, pinnacles, and even towers. 
Those of the 13th and Mth centuries are often exquisite specimens of 
the art of the period. They are commonly of metal—latten, silver- 
gilt, or gold —with figures in relief, and enamels introduced with great 
taste and admirably executed. Some are of wood or ivory, beautifull 
carved. Sometimes they assume the form of the relic itself—as a head, 
heart, hand, or foot, where they were made to contain a portion of one 
of those members. The large reliquaries, or shrines, were of stone or 
bronze, and, where regardedas of special sanctity, were overlaid with the 
accumulated offerings of devotees. Thus theshrine of the Three Kings 
at Cologne was ornamented with jewels said to be of the value of nearly a 
quarter of a million. The shrine of Thomas i Becket, at Canterbury, 
was of almost inconceivable value. Those were, however, the real or 
supposed tombs of the saints, and though sometimes of as 
reliquaries, are, a8 we said, more properly called shrines, Of reliquaries 
proper some few examples remain in our churches, as at Brixworth, 
near Northampton; Yaxley, near Peterborough, &c. Several good 
examples of enamel, metal, and carved ivory reliquaries are in the 
South Kensington Museum. 

REMAINDER. An estate in remainder is defined by Coke to be 
“a remnant of an estate in lands or tenements, expectant on a 
ticular estate, created together with the same at one time.” A 
to this definition, it must be an estate in lands or tenements, including 
incorporeal hereditaments, as rents and tithes; and it is an estate 
which at the time of its creation is not an estate in possession, but an 
estate the enjoyment of which is deferred. The estate in remainder 
may exist in lands or hereditaments held for an estate of inheritance or 
for life. It must be created at the same time with the preceding 
estate, and by the same instrument; but a will and a codicil are for 
this purpose the same instrument. A remainder om fo limited by 
appointment, which is an execution of a power created by the instru- 
ment that creates the particular estate ; for the instrument of appoint- 
ment is legally considered as a part of the original instrument. A 
remainder ~~ be created either by deed or by will; and either 

ing to the rules of the common law, or by the operation of the 
Statute of Uses, which is now the more usual means. 

If a man seised oe ee ee 
and then to B and his heirs, B the remainder in fee, which is a 
present interest or estate, and he has consequently a present right to 
the enjoyment of the lands upon the determination of A's estate; or, 
in other words, he has a vested estate, which is called a vested 
remainder. A reversivn differs from a remainder in several respects. 
He who grants an estate or estates out of his own estate, retains as his 
reversion whatever he does not grant; and upon the determination of 
the estate or estates which he granted, the land reverts to him. 
There may be several remainders and a reversion expectant on them.. 
If A, tenant in fee simple, limits his estate to B for years, with 
remainder to C for life, with remainder to D in tail, this limitation does 
not exhaust the estate in fee simple. By the limitation B becomes 
tenant in possession for years, C has a vested remainder for life, D a 
vested remainder in tail, and A has the reversion in fee. If the 
limitation by A exhaust the whole estate, as it would have done in the 
Pp ing instance if the limitation had been to C and his heirs, A has 
no estate left. It is a necessary consequence that if a man grants all 
his estate, he can grant nothing more ; and therefore the grant of any 
estate after an estate in fee simple is void as a remainder, Indeed 
the word remainder implies that what is ted as such is either 
a part or the whole of something which still remains of the original 
estate. 

The estate which precedes the estate in remainder or in reversion is 
called the icular estate, a cula or portion of all the 
estate w! is limited; and the ular estate may be estate 
hag an estate at will, and an estate in fee simple. It must therefore 
be either an estate for years, or for life, or in tail. 

Estates for may be granted to commence at a future time; 
but by the rules of the common law, no estate of freehold can be 
created to commence at a future time. If therefore such an estate of 
freehold is granted, there must be created at the same time an estate 
for years, which shall continue till the time fixed for the enjoyment of 
the estate of freehold. 

A remainder cannot be granted so as not to take effect immediately 
on the determination of the particular estate. If there is any interval , 
left between the particular estate and the remainder in their creation, 
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the remainder is absolutely void. A grant of an estate to A, arid one 
- after the determination thereof to B, is a void remainder. 

in remainder are either vested or contingent, The remainder 

may vest at the time of the limitation, or it may vest afterwards: in 

ease the remainder-man acquires an estate in the land, to the 

enjoyment of which he is entitled upon the determination of the pre- 

ceding estate. But it may happen that a vested remainder may never 
become an estate in possession. 

A vested remainder is an estate which, by the terms of the original 
limitation or conveyance, is limited or conveyed unconditionally. Ifa 
remainder is not vested, it is i t. 

A contingent remainder is defined by Fearne to be “a remainder 
limited so as to depend on an event or condition which may Raed 
happen or be ed, or which may not happen or be perform 

basse Ba of the preceding estate.” Accordingly it is 
the limitation of the remainder which is conditional, and there is no 
remainder limited or given until the condition happens or is performed. 
The uncertainty of the remainder ing an estate in possession is 
no part of the notion of a contingent remainder; for this kind of 
uncertainty may exist, as already observed, in the case of vested 
remainders. 


Fearne has made four classes of contingent remainders, to some one 
of which he considers that all kinds of contingent remainders may be 
reduced, but he adds that “‘several cases which fall literally under one 
or other of the two last of those four descriptions, are nevertheless 


+= vege rag tearepaoae 
The first class is, “where the remainder depends entirely on a con- 
determination of the ing estate itself;” or, as it may be 
where a remainder is limited to take effect only on the 
happening of a specified contingent event which is to determine the 
preceding estate, and is not to take effect if the preceding estate deter- 
mines in any other way. An — usually given is the following : 
a feoffment to the use of B till C returns from Rome, and 
after C’s return, then to D in fee. In this case B has an estate which 
will determine catty, oh te ag aladdin lee 
remainder is limited to D only upon the happening of a 
which may never happen ; and if B's estate determine 
his death, or by forfeiture, which is possible, no estate is limited to 
There is then no limitation to D, except conditionally, and his 


estate is therefore contingent. : 
The second class is, ‘“‘ where some uncertain event, unconnected with 
and 


collateral to the determination of the prooading oatete. it by the 
nature of the limitation to precede the remainder.” is class is easily 
distinguished from the first, by the circumstance that the uncertain 
‘event upon which the remainder is limited, is entirely independent of 
manner in which the ing estate may or must determine. 

following is an example: If a grant is made to A for life, remainder 
to B for life, and if B die before A, remainder to C for life, the un- 
certain event of B’s dying before A is quite independent of the deter- 
mination of A’s estate, but the limitation of C’s estate depends on this 


happening. 
In both these classes of remainders, the event on which the remainder 
effect is absolutely uncertain; in the two following classes, 
which the remainders are limited are events which cer- 
and the contingency arises from the uncertainty 

will happen. 
class is, ‘‘ where a remainder is limited to take effect u 
certainly must happen some time or other, 
after the determination of the particular 
is an example: A grant is made to J. 8. for 
f J. D. the to remain to another in fee. 
J.D. must die, this event, upon which the 
take effect, may not happen till after the deter- 
of the life estate of J. 
where a remainder is limited to a person not 
or not in being at the time when such limitation is made.” 
an example; A grant is made to A for life, remainder 
to the right heirs of J.S. Now as J. §, can have no heir till he is 
dead, and as he may not die till after the determination of the par- 
ticular estate, such remainder is contingent. If an estate is limited to 
two persons for life, with remainder in fee to the survivor, the remainder 
is contingent, because it is uncertain which will be the survivor. 

The numerous exceptions to the fourth class of contingent re- 
mainders are comprehended in what is called the Rule in Shelley’s 
case, of which a complete tion is given in Fearne’s ‘ Essay on 
Contingent Remainders ;’ and in Preston's ‘ Treatise on Estates’ (vol.i.). 

lly stated as follows :—If lands 
to a man for life, and after his death 


ee 


to the or the heirs of the body takes immediate effect as an 


estate in the ancestor, and therefore, in the former case, A takes an 


estate of freehold with a vested remainder in fee, His life estate is 


consequently merged in his remainder in fee, and he becomes tenant 
Sih lob dsaple in possession. If an estate for life, or an estate tail, 


is interposed between the estate for life to the ancestor and the re- 
mainder to his heirs or the heirs of his body, still this remainder 
is vested in the ancestor, just in the same way as if it were limited to 
him and his heirs, or to him and the heirs of his body. Thus when A 
takes an estate for life, remainder to B for life, remainder to C in tail, 
remainder to the right heirs of A, this ultimate remainder is a vested 
remainder in fee in A, and, after his death and the determination of 
the intermediate estates, his heir will take by descent. But cases 
within this rule are not so properly exceptions, as cases which by the 
operation of the rule are excluded from the fourth class of contingent 
remainders. z 

There is another exception to the fourth class, which is allowed in 
devises, where it can be clearly inferred from the particular expres- 
sions in the will, that a limitation to the heir special of a person then 
living is intended as a designation of a particular person. In such case 
the remainder will vest; for the conclusion is, not that the testator 
intended to limit the estate by way of contingent remainder to such 

m as should be ascertained to be heir by the death of his ancestor, 
ut that he intended by the word “heir,” accompanied with the other 
expressions in the will, to designate a particular person. 

A contingent remainder may intervene between the particular estate 
and other limitations over, and yet the subsequent limitations may 
be vested, if made to a person in esse, provided the contingent limita- 
tion is not in fee simple. The contingent remainder itself may also 
vest, and then become an estate interposed between the particular 
estate and the subsequent vested limitations, if the contingency hap- 
pens during the existence of the particular estate. If in the same 
conveyance an estate is limited to A for life, followed by a contingent 
remainder and a subsequent limitation to A and his heirs, or A and 
the heirs of his body, this last limitation, though executed under the 
rule in Shelley's case, is still so executed as to allow the contingent 
remainder to interpose as a vested estate when the contingency happens. 


A subsequent yong limitation may vest before a preceding one, 
but it follows from what has been said that the preceding one is still 
capable of vesting. ; 


Lands may be so limited as to be subject to a general power of ap- 
pointment. In such cases, the general power of appointment will not 
prevent the estates limited in default of appointment from vesting ; 
though the due exercise of the power will divest them. 

A contingent remainder may be limited Segoe upon any event, 
except in such cases as the following :—the contingent event being 
illegal ; the remote possibility of the contingent event; and the con- 
dition or ay, So defeat the preceding estate. These subjects are fully 
discussed by Fearne (c. 2), 

It will be collected from what has been said that a contingent re- 
mainder of freehold must be preceded by a vested estate of freehold ; for 
if there is no precedent vested estate of freehold, and the freehold 

inder is contingent, the freehold either remains in the grantor, 
and therefore is not transferred to any one else, or it is transferred in 
some remainder which is limited after the contingent remainder, and 
which, being therefore vested in possession, precludes all possibility of 
the vesting of the conti it estate, which by the terms of the limita- 
tion must precede it. his rule as to the necessity of a vested 
freehold estate to support a contingent remainder, applies both to 
limitations of uses and of estates limited at common law. 

It will also appear from the definitions of contingent remainders 
that they must vest, that is, the conditions on which they are limited 
must be fulfilled, during the continuance of the parti estate or 
immediately on its determination. One of the cases in which such 
remainders were formerly liable to fail under the fourth class of con- 
po pod remainders, was in the case of such limitations as to A for life, 

to his first and other sons in tail. ti, pad a posthumous son 
could not take, but such child is now for this and several other pur- 
considered as a person in esse during the period of pregnancy. 
hen a contingent remainder is limited to several in a conveyance to 
uses or by a devise, such remainder will vest in the first person in 
whom it can vest, but it will divest in due proportions in favour of 
other persons who are included in the limitations, and who become 
capable of taking before the determination of the particular estate ; 
and such persons may take as joint tenants, though their estates vest 
at different times. 

Formerly, any determination of the particular estate before a legal 
remainder vested, destroyed the contingent remainder, The contingent 
remainder might fail not only through the contingency not happening 
till after the expiration of the particular estate, but through its de- 
struction by the surrender of the tenant for life, or by the forfeiture of 
his estate during the existence of the contingency. The intermediate 
contingent remainder was also destroyed if the particular estate and 
the next vested estate of freehold became united by the conyeyance or 
act of the parties, so that the particular estate was merged. Now, 
however, it has been enacted by the statute 8 & 9 Vict. c. 106, that 
contingent rémainders shall be capable of taking effect, notwithstand- 
ing the determination by forfeiture, surrender, or merger of any pre- 
ceding estate of freehold. 

A contingent remainder of an estate of inheritance is descendible to 
the Malet of ox ascertained person to whom it is limited, if such person 
should die before the contingency happens, and it will vest if the same 
should happen during the continuance of the particular estate. Con- 


? RKEMEMBRANCERS. 


RENAISSANCE. 8 


tingent remainders were once not considered devisable, but it was 

afterwards determined that they were devisable whenever they were 

descendible to the heirs of the persons to whom they were limited ; 

and under the statute 1 Vict. c, 26, they are devisable in common 

with all contingent, executory, or other future interests in any real or 
estate, 

Though a fee cannot be limited after a fee as a remainder, two or 
more con! t foes may be limited in the alternative, so that one 
only shall effect. 

Interests in chattels real and personal are tible of limitations 
over after the limitation of some partial interest in them; but from 
the nature of those interests they are incapable of such extensive 
modifications as freehold interests in land, and they cannot be operated 
upon by the Statute of Uses. Originally’a Hay a term of years 
to a man for his life was an absolute gift of the wiiole term, the 
donee it dispose of the whole interest as he pleased; but at 

ta ol tick tra te A fr Wn, ad te hea 

a bequest of the whole term to A, subject to an executory was re to 
B, to take effect if A dies before the expiration of the term. t is not 
a particular estate to A for life and a remainder to B. Any disposition 
of a chattel, which in the case of lands would make an estate tail, 
gives the whole interest. Thus if the second bequest of the term of 
years were to B and the heirs of his body, B would take the whole 
interest. 

An executory devise is such a limitation of a future estate in lands, 
and an executory bequest is such a limitation of a future interest in 
chattels, as are allowed in the case of a will, though not in convey- 
ances at common law. Accordingly a fee may be ited after a fee 
in a will or ef syd rl Sip ging may happen 
within certain ts of time; and limitations take effect as 
executory devises or sprin or ing uses, But when future 
estates are so limited by devise as to be comprehended within the 
rules which apply to contingent remainders, they will be considered as 
such, and not as executory devises. 

The subject of contingent remainders is fully discussed in the 
elaborate, Essay of Fearne on ‘ Contingent Remainders and Executory 
Devises ;’ see also Hayes, ‘On Conveyancing,’ Appendix, 

REMEMBRANC (rememoratores), formerly called clerks of the 
remembrance (37 Edw. III. c. 4), are officers of whom, until recently, 
there were three in the exchequer, called respectively the king's 
remembrancer, the lord treasurer's remembrancer, and the remem- 
brancer of first fruits; their duty being to put the lord treasurer and 
the barons of the exchequer, p bis are the j of that court, in 
remembrance of such things as are to be on and done for the 
king’s benefit. 

I. The office of the queen’s remembrancer has relation to the pro- 
ceedings of the court of exchequer in the exercise of its original juris- 
diction as a court of revenue, and of its incidental jurisdiction as a 
court of equity, founded upon the fiction that the party seeking for 
relief upon matters of om ity is a debtor and an accountant to the 
crown, who by reason of the withholding of that to which he is equitably 
entitled, is the less able (quo minus suficicns existit) to pay his debts 
to the crown. On the revenue side, the queen's remembrancer enters all 
the recognizances taken before the barons for any of the queen's debts, 
for appearances, &c., and he takes all bonds for such debts, and for the 
due execution of offices, and makes out process for breach of them; he 
also writes process against the collectors of customs, excise, and other 
public payments, for their accounts. Informations for intrusion 
into the queen's lands, and information for debts due to the crown, 
and on penal statutes, “are entered and sued in his office ; and he makes 
the bills of composition on penal laws. Indentures and “other evidences 
which relate to the of any lands to or from the crown are 

i ce; and commissions of nisi prius, by | her 
majesty’s warrant, on trial of any matters within his office, omen 
to find debts due to the crown, and writs of extent awarded in 
suance of 33 Hen. VIII. c. 39, are issued and prosecuted in this o “4 
also for the recovery of arrears of taxes and other 
debts due to the crown, which issue twice a year, All differences as to 
irregularities in are determined by the queen’s remem- 
om with power to give costs the party in fault, but subject 

to an appeal to the court. (5 Rich. IL. st. 1, cc. 15,16; 13 & 14 Car. 

Il. c, 21.) He is bound by a rule ,of court, 3 Jac. IL, "to attend the 

court during its sittings, to answer inquiries respec ting the course of 

and to enter the rules and orders of the court of exchequer 

to ita fiscal or its equitable jurisdiction, and he executes the 

duties formerly performed by the lord treasurer’s remembrancer, now 

abolished by 3&4 Will. IV. c, 99. This office is now held by one of 
the masters, (22 & 23 Vict. c. 21.) 

IL. The lord treasurer's remembrancer’s office was the office prin- 

att concerned in matters relating to the landed and casual revenue 
the crown. When the king's title was found by an inquest of 
office, it became the duty of the officer with whom the writ and in- 
quisition remained, to send a transcript into the office, in order to 
put in charge for the service of the crown; he issued process for 

debta to fp the king, and against. sheriflis, escheators, &c,, and others who 
did not account. * took the accounts of all sheriffs, and made the 
record, whereby it appeared whether sheriffs and other accountants 
paid their profiers, that i is, the balance appearing upon their accounts, 


due at Easter and Michaelmas, and he made another record showing 
whether sheriffs and other accountants kept their days prefixed, There 
were alko brought into his office all the accounts of. customers, 
com ers, accountants, which were to be entered on record. 
All estreats of fines, issues, and amerciaments, set or imposed in an: 
of the courts at Westminster, or at the assizes or sessions, were coders 
ree Gd he aks tee ate eee 

¢ out process on them; and he might issue process for discovery 
of tenures and all revenue due to the crown by reason thereof, &e, As 
ee en te tant daee at Pas steer tote 
a Beary Me O) <) t, upon which eadings between 
eae the claimant were carried on in this office according to 
the cour of of the common a a ~ right was ee peas te 
y the court upon urrer or by verdict a erg 4 
nay ie werk atctnead bu aie called Wit ion of 

hose of the reign of Edw. I. were published by Serjeant 
the frat volume of his ition of the Ven Books 
ies ma a summary manner for indu 

court of exchequer, which is empowered 
mencement of every reign, to compo} or 
amerciaments, or recognizances, 
case ; and until the statute of 3 & 4 W 


offices connected therewith, 
SDalisbed, Past of tha duliee oe thin offes had teen orevioate lee 
ferred to other offices, part ceased by the Act,and the remainder are 
performed by the queen’s remembrancer. 
It. The remembrancer of the first fruits office receives the 
bishops’ returns of institutions, takes all com; and bonds for 


oltecc cen thane of agent for the 
enenal ak Sears Da a give adslpehesienss es uaieaee 
of parliament during ev proceedings 
of the houses of lords report on such as may be 


likely to affect the interest or privllenesel the aie r 
‘nan 
uty 
of all 


the Officers of begrke houses of bat aera 
The ign and 
of toe eotelaeet 


and attendance; and, for the of peer worry 
sometimes wears a medal with goats 
the vt wien 


arms of the city. 
further to take the steps to procure the 
aoe 


addresses and resolutions of the corporation to 
all the branches of the Hy appre A to make 
and deliver the same, and to attend the sheriffs, w! 
Ss saa’e Fe Toa oe ine Seereen ac Doyo a ereo 
gmp ny 


Meee ahaa oben th pine oe mean aie it the petit ie 
the house of lords, the seonstalecnes eiahctea dante ain on some 
peer of parliament, and requests him to present it. nag has to give the 


when received, to distribute, the city eae 
allowance made by the wacgper Seg) a erga the siete ot hich ine 
known. The earliest entry of its made is about the year 1680, 
The sum allowed is 100 Y 16s., which is ibuted in different propor- 
tions amongst the lord mayor, ee recorder, sheriffs, common 

serjeant, chamberlain, town-clerk, remembrancer, and sword-bearer, 
oe Report on Municipal Corporations of England and Wales, 

REMONSTRANTS. [Pztactvs, in Broa. Div.] 

RENAISSANCE The term Renaissance indicates 
the period of the Reval, when the classical began paseo 20 
after the mediwval styles. The term is used alike in 
sculpture, and ornamental art: ourjattention in the present article 
be confined to architecture, 

The Renaissance had its origin in Italy, where at best Gothic archi- : 
tecture secured but a precarious hold, As soon as the passion for the 
old Roman literature sprang up, there arose also a desire for the study 
of classic art, to be followed before long by the attempt to imitate it, 
Traces of the imitation of Roman architectural oe are observable of 


a a by Palladio need Vi ola, ‘Vilve tent Sn 
pee Fe the Roman antique, and in the Yeon ag he ec poe 
aty , 


of the Romans, but their triumphal arches 
edifices, Tb wan not either the portico, or the continuous colonnade, 


r 
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9 
where columniation displays itself in all its purity, that was taken as a | pile. The buildings towards the sour’ were almost entirely incrusted 
model, but rather such structures as the ; where several | over with panelled pilasters, ara 


small orders—that is, small in proportion to the general mass—are 
introduced for little more than decoration to it. And in the Renaissance 
(or 1500—as we should say, 16th century) styles, 


z 


_ entire orders are used only as embellishment, and avowedly so. Where 


columns are employed for actual support, as in open loggie, it is only 
in combination with arches springing from them, the columns per- 
forming the office of piers to the arches, A great deal of Italian 
i is, however, astylar, with either a full ee or a 


columns by giving a considerable proportion of each order to high 
ee ee 


windows, so that the columns or 
ly as accessories to the windows them- 
piers between - — completely 
predominates, both as to the quantity of surface the openings occupy, 
and the architectural character occasioned by it. One of the earliest 
i of the Renaissance into this country, Longleat House, 
John of Padua, 1567, is an instance of such mode of 


, especially in that for which purity 
and correctness were affected, the character of the detail is somewhat 


the contrary, to have been most in favour both in France and in our 


at first employed for palatial and sumptuous structures, it was 
in all its luxuriance. This florid species of the style and 


is marked by a profusion of enrichment and carvings in mould- 
arg by arabesque foliage and medallions, with 
surfaces of considerable extent are imes covered. The 


Arapesqus. In kind of sculpture occurs, 
rg estinge y doen que! le, and more refined in execu- 
tion. Amorini, with ions, on which are yy 


entire height, for a considerable of it, and the lower 
ones, with foliage and other chasing; besides which they are further 
enriched by one or more bands embossed in similar manner. The faces 


being 
ures. 


mottos, » This profusion of minute ornament is 

characteristic of the Renaissance taste in building, furniture, 
and decoration generally ; and though it was then carried to excess, 
and the combinations themselves were often very uncouth, ——— 
and what is understood by the term quaint (oddly picturesque, but 
not beautiful), much of the ornament is, taken vet paraat marked by 
elegance as well as Some examples from Italian interiors, of 


characteristic design admirably carved, may be seen in the South 
Kensington Museum. 
French Renaissance dates from the of Louis XII., who em- 


ployed Italian artists, and among others architect Giocondo [Gro- 
conbo, in Bioc. Drv.], who erected for Cardinal d’Amboise, the 
minister of that monarch, the celebrated Chateau Gaillon. Though 
that edifice—at least what remained of it,—was taken down some years 
, it is known from the representations of it, and also from such 
fragments of it as have been preserved by being reconstructed at the 
des Beaux-Arts, Paris, to have been an exceedingly sumptuous 


besques, medallions, and other sculp- 
ture. The Chateau de Blois, the birth-place of Louis XII, and 
restored and decorated by him, was another distinguished work of that 
period, and probably one of those on which Gioeondo was employed. 
In the reign of Francis L, the palaces erected by that sumptuous 
prince and his nobles attested the magnificence if not the refinement. - 
of that age. Asa retreat for himself in the immediate vicinity of his 
capital, Francis built (about 1530) the Chateau de Madrid in the Bois 
de Boulogne, whose facades were decorated with coloured enamelled 
tiles, constituting a species of polychromic decoration. Of that 
building nothing now remains, it having been taken down at the 
end of the last century; but another architectural specimen of the 
same period, the house or casino of Francis I., erected at Moret, near 
Fontainebleau, has been preserved by being removed to Paris, where it 
was re-erected in its primitive state, in the Bois de Boulogne, by the 
architect Biet, in 1823. Of this interesting monument of the Renais- 
sance, which has also some polychromic Robbia-ware decoration, plans, 
elevations, and sections, are given in Normand’s Paris Moderne, but 
being only in outline, a great deal of the effect is lost in them. ,The palace 
of Fontainebleau itself, in its interior at least, records the magnificence 
of Francis, his taste for splendour, and his liberal encouragement of 
arts. The Tuilieries,.as built for Catherine di Medicis, by Philibert 
Delorme and Bullant, is another great example of French Renaissance 
when at its best, which has undergone such alterations as to be no 
longer recognisable. By French writers generally, the style is con- 
sidered to have risen to its highest point of excellence in the hands of 
Philibert Delorme [DEtorme, in Broa. Drv.] in the reigns of Henry IT. 
and Francis II.: but it perhaps appears to more advantage in the 
edifices built in the reign of Francis I. 

In Germany, the castle or rather palace of Heidelberg would, if 
completed, have been a most gorgeous pile in the Renaissance style, as 
it showed itself in that country ; and though now a ruin, the principal 

ion of the exterior is in sufficiently good preservation to admit of 
ithful restoration, in a series of architectural engravings. German 

i was even more exuberant, not to say extravagant, alike 

in constructive character and decorative details, than even the French. 

The Renaissance edifices of Spain are many of them interesting 
and striking specimens of the kind. Among them may be men- 
tioned, as deserving of particular notice for the elegant taste’ it 
displays, the upper gallery of the cloister of the Convent of 
Huerta; also the Town Halls of Zaragossa and of Seville; and the 
Aleaza at Toledo. 

RENT, in Political Economy, is defined by Mr. Ricardo to be “ that 
portion of the produce of the earth which is paid to the landlord for 
the use of the indestructible powers of the soil. It is often, however 
(he remarks), confounded with the interest and profit of capital, and 
in language the term is applied to whatever is annually paid 
by a er to his landlord.” Mr. Malthus (‘ Prin. of Pol. Econ.’) de- 
fines rent to be “ that portion of the value of the whole produce which 
remains to the owner of the land, after all the outgoings belonging to 
its cultivation, of whatever kind, have been paid, including the profits 
of the capital employed, estimated according to the usual and ordinary 
rate of the profits of agricultural capital at the time being.” 

As most modern economists have adopted the main principles of the 
Ricardo theory, we here give an outline of it, in the words of Mr. 
Ricardo :—“ If all land had the same properties, if it were boundless 
in quantity and uniform in quality, no charge could be made for its 
use, unless where it ed peculiar advantages of situation. It is 
then because land is of different qualities with respect to its productive 
powers, and because, in the progress of population, land of an inferior 
quality, or less advantageously situated, is called into cultivation, that 
rent is ever paid for the use of it. When, in the progress of society, 
land of the second degree of fertility is taken into cultivation, rent 
immediately commences on that of the first quality, and the amount 
of that rent will depend on the difference in the quality of these two 
portions of land. . . . With every step in the progress of popula- 
tion which shall oblige a country to have recourse to land of a worse 
quality to enable it to raise its supply of food, rent on all the more 
fertile land willrise. . . . If good land existed in a quantity much 
more abundant than the production of food for an increasing popula- 
tion required, or if capital could be indefinitely employed without a 
diminished return on the old land, there could be no rise of rent; for 
rent invariably from the employment of an additional quan- 
tity of labour with a proportionally less return.” 

Rent, according to the definition which has been given, consists of 
a surplus which remains after the capital expended in production has 
been replaced with ordinary profits. This surplus, which constittites 
rent, arises, as Mr. Ricardo asserts, from, and is in proportion to, the 
necessity for resorting to inferior soils or employing capital on the old 
soil with small returns. To use the words of Mr. Mill, his friend and 
disciple—* Rent is the difference between the return made to the — 
more productive portions and that which is made to the least pro- 
ductive portion of capital employed upon the land.” In a country 
containing, as every country does contain, land of various degrees of 
fertility, rent therefore will not be paid until the demands of an 
increasing population have rendered it necessary to have recourse to 
the inferior soils. ‘Thus (continues Ricardo), suppose land, Nos. 1 
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2, 3, to yield, with an equal employment of capital and labour, a net 
produce of 100, 90, and 80 quarters of corn. In a new country, 


where there is an abundance of fertile land com 
oulation, and where therefore it is only necesary to cultivate 

‘0. 1, the whole net produce will belong to the cultivator, and 
will be the profits of the stock which he advances. peodes or 
lation had so far increased as to make it necessary to cultivate No, 2, 
from which 90 quarters only can be obtained after supporting the 
labourers, rent would commence on No, 1; for either there must be 
two rates of profit on agriculture, or ten quarters or the value of ten 
quarters must be withdrawn from the uce of No. 1 for some other 
pu . Whether the proprietor of the land or any other person 
cultivated No, 1, these ten quarters would equally constitute rent; 
for the cultivator of No. 2 would get the same result with his capital, 
whether he cultivated No. 1, paying ten quarters for rent, or continued 
to cultivate No. 2, paying no rent. In the same manner it might be 
shown, that when No. 3 is t into cultivation, the rent of No. 2 
must be ten quarters, or the value of ten quarters, whilst the rent of 
No. 1 would rise to twenty quarters. . . It often and indeed com- 
monly pens that before Nos. 2 and 3, or the inferior lands, are 
cultivated, capital can be employed more productively on those lands 
which are already in cultivation. . . In such case, capital will be 
preferably employed on the old land, and will equally create a rent ; 
for rent is always the difference between the produce obtained by the 
emplo t of two equal quantities of capital and labour. If with a 
capital of 10002 a tenant obtain 100 quarters of wheat from his land, 
and by the employment of a second capital of 1000/. he obtain a further 
return of 85, his landlord would have the power, at the expiration of 
his lease, of obliging him to pay 15 quarters, or an equivalent value for 
i rent; for there cannot be two rates of profit. If he is 
satisfied with a diminution of 15 quarters in the return for his second 
1000i., it is because no employment more profitable can be found for 
it. . . In this case, as well as in the other, the capital last employed 
pays no rent, For the greater productive powers of the first 1000/., 
15 quarters is paid for rent; for the employment of the second 1000/. 
no rent whatever is paid. If a third 1000/. be employed on the same 
land,\ with a return of 75 quarters, rent will then a5 paid for the 
second 1000/., and will be equal to the difference between the produce 
of these two, or 10 quarters; and at the same time the rent of the 
first 10002. will rise from 15 to 25 quarters, whilst the last 1000. will 
py. no rent whatever.” (Ricardo’s ‘ Prin. of Pol. Econ.,’ 3rd edit.) 

‘erhaps however the clearest definition of this theory of rent is that 
given by Mr. Mill, in his * Elements of Pol. Econ.,’ to the last edition 
be ogg work we refer for a more complete examination of the 
subject. 

ENT (in Law Latin, redditus, “a return”) is a right to the 

iodical receipt of money or somethi 

or tenements held by him from whom the rent is due. There are three 
kinds of rent—rent-service, rent-charge, and rent-seck. 

. There is rent-service when a tenant holds lands of his lord by fealty 
and certain rent, or by homage, fealty, and certain rent, or by other 
services and certain rent. Rent-service therefore implies tenure, and 
it may be due to the lord of the manor of which the lands are held, or 
to some other chief (that is, immediate) lord of the fee, or to the 
reversioner, The right of distress is an incident to rent-service in 
arrear, so long as it is due to the same person to whom fealty is due. 
Before the Statute of Quia Emptores (18 Edw. I.), a person might 
make “a feoffment in fee simple either by deed or without deed, yield- 
ing to him and his heirs a certain rent, which was a rent-service, and 
for this he might have distrained of common right ; and if there were 
no reservation of any rent, nor of any service, yet the feoffee held of 
the feoffor by the same service as the feoffor did hold over of his lord 
next ount.” (Litt, 216.) The Statute of Quia Emptores 
enacted that the feoffee shall hold of the chief lord by the same services 
by which the feoffor held, and uently no rent can now be 
reserved when a man transfers to another all his estate in land. In 
order that rent-service may now be created, the person to whom the 
rent is reserved must have a reversion in the lands and tenements out 
of which the rent is to issue; but any reversion is sufficient. Thus a 

who has a term of twenty om 
im a reversion, so that a rent- 


reserving 
assignment, he cannot distrain for the 


rent. 

Rent-service therefore which has been created since the Statute of 
Quia Emptores can only be reserved to the lessor who retains a rever- 
sionfind it will belong to the person who is entitled to the reversion, 
If a man seised in fee simple makes a lease of lands for ¥ 
reserving rent, the rent-service is descendible to his heir the 
reversion; though all rents which accrue due to the lessor before 
his death will belong to his nal representatives. A rent-service 
reserved out of chattels will of course belong to the personal 
representatives of the lessor. A rent is now most commonly reserved 
in leases for years, but it may be reserved on any — which 
passes or enlarges an estate; and it may be reserved in grant of 
an estate in remainder or reversion, or in a grant of a lease for years 
to commence at a future time. 


valuable in respect of lands | also 


may grant it to another, all. 


A rent-service ma: Nae ep haar the reversion or seign 
the reversioner sti eon 


ny heel ee eee 
and the grantee is entitled to receive the rent 


Rent-service can only be reserved to the feoffor, donor, or lessor, or 
to their heirs, upon any feoffment, gift, or lease; and if the rent is 
reserved At parca hi persons, it will belong to the 
lessor, and after his death to those who are entitled to the reversion. 
Rent is at the times mentioned in the reservation, but not till 
the last minute of the day on which it is payable, 

When rent-service is in arrear, the common-law remedy for the 


& 


recovery of it is by distress. [Distress.] By 4 Geo. II. c, 28, 4 
every landlord who by the terms of his lease has a right of re-en! 
case of non+ ent of rent, may, when half a year’s rent is due, 
there is no cient distress on the premises, serve a declaration in 


Er 


clusive, unless the rent and costs are paid within six calendar 
months after the judgment in the action of ejectment has been exe- 


e 
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will pay or tender to the preted 
arrear, together with the costs. By the common law 
also en action of debt for rent against a lessee for 
by the statute of Anne (8, c. 14, 8. 4) there is 
against a lessee for life during the continuance of his estate, 
previously been given for arrears of rent after the determinati 
estate (832 Hen. VIII. c. = 4 A lessor may also have an 
—* for siding sarees i force of Npeg ty pr ypemperss: 
words as “ yieldi ing” rent, or by force of an express cove- 
nant to pay, which is pe iy pct Proc If the lessee assign 
his interest in the term, he and his executors, so far as have assets, 
entitled to the rever- 
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the same 
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There is also the remedy by action of assum 
and occupation of land, which action lies any 
nent fick woes feed Settee Woe ane eee ae is 

Rent-service may be _in various wa: 
evicted from the lands demised to him, he is di from payment 
of the rent ; and if the lessor purchase the lessee's interest, the rent is 

i The lessor may release a part of the rent-service, 
without releasing the whole. 

If the person entitled to the rent-service p 
appurticned soureding ts tha value of ail doe Il, ond Seseelingiy 
apportioned according to ue e i ; 
tenant ceyr-tereriais yah ent of rent in respect of the part pur- 
chased. The enti to the reversion may also grant his 
interest in part of it, and the rent will be aj i 
and his grantee; for the interest in the reversion 


him 
is of a divisible 
nature, and the rent follows the reversion. If the lessee 


be 
evicted out of part of the lands, there will also be an i 
Before the late alterations of the law, when the moiety of a reyer- 
sion was extended on an elegit, the rent was apportioned, and the 


lessor consequently retained half of it. If a widow is entitled to 
dower of a reversion, she is also entitled to one-third of the rent re- 
served upona lease for years made by her husband. 

At common law, if a tenant for life died before the rent became due, 
which was reserved on a lease a ee by the death of the 
tenant for life, his personal representatives could not claim an appoint- 
ment of the rent, nor could the reversioner or remainderman ‘claim 
such portion as accrued due during —— of the tenant ote But 
such an apportionment was given es 
stat, 11 Geo. II. c, 19,8. 15. The Act 4 & 5 Will I eerget4 
met ag aa this Act to rents reserved on leases that determine 
on the death of the persons who make them, though they not 
strictly tenants for life, and on leases of lands held pur auter vie; and 
by the same Act all rents-service reserved on any lease by a tenant in 
fee or for any life interest or under any power, and granted after the 

and other rents, annuities, c., 


roportionable thereof, from the last time of payment to the day 
bf the death of the party interested therein, paid to the 
representatives of such party. 

A ren is a rent granted out of land either at common law or 


by the Statute of Uses, with a power of 
the rent. Such rents may be created by the owner of the land who 
retains the property of it; and they may be reserved 
alienation of the land. These rents di 

being connected with tenure, and the 
not an incident to rent-charges, but is created by the same instrument 
which creates the rent-charge. If no power of distress is given, the 
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rent is a rent-seck. Rent-charge may be created either by deed or by 
will. Sometimes, by the terms of the grant, the grantee of a rent- 
charge is em to enter on the land and satisfy himself for all 
arrears out of the profits of the land. When a rent-charge is created 
under the Statute of Uses (ss. 4, 5) with a power of distress and entry 
upon the land in case of arrear, the person to whom the rent-charge is 

obtains the legal estate in the rent-charge, with all the remedies 


An estate in a rent-charge may be either in fee simple, or in fee tail, 
for lives or for years, according to the terms of the original limitation. 
of inheritance is real estate, and descendible to the heir ; 
but a it that is due belongs to the person representative. There 
Gear URse a pod Gabbe Sat fon ukergde ini 6 rent-sckvice dteated: bedvew the 
Statute of Quia Emptores. <A rent-charge in fee simple is subject to 

and dower; and also a rent-charge in tail. But if a rent- 
be created and granted to a man and the heirs of his body, 
is surviving wife will not be entitled to dower if the husband dies 
without issue. Until the Act 3 & 4 Will. IV. c. 106, a woman was 
not entitled to dower out of a rent-charge, unless her husband had the 
legal estate in it. A rent-charge may be limited by way of remainder ; 
and a new rent-charge may be created to commence at a future time. 
rent-charge may be discharged in various ways. If a man who 
has a rent-charge out of certain lands buys any part of them, the whole 
«rent is discharged, for it issues out of the whole of the lands; and the 
consequence is the same if he releases all his right in any part of the 
land. But a man may release part of the rent-charge without affecting 
remainder ; and a division or apportionment of a rent by conveying 
part of it toa stranger is a valid conveyance. If part of the lands 
which are subject to the rent-charge descend to the grantee, the rent 
will be according to the respective value of the two parts 


of the 
rent-seck 
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crown, or, before the Statute of Quia Em tores, by a subject, upon a 


grant in fee simple. The of fee-farm rents originally 
reserved to the crown, but under 22 Car. IL. c. 6, has the same 
of distress that the king had, and so may distrain on other 


Tekrot the binant not siibject to the rent. 
the stat. 42 Geo. IIL. c. 116, in cases where the land-tax has not 
kg Be Bote MD yeRhcar Map Bwn Fiz 
person, to whom i ong as a perpe' 
is called a fee-farm rent in the Act), and the 
the remedies for rent reserved on a lease. 
ill. IV. c. 27, s. 42, no arrears of rent,or of 
sum of money charged upon or payable out 
eg 7 a in respect of such arrears of rent or 
vered by any distress, suit, or action, but within 
the same respectively shall have become due, or 
in writing given to the person entitled thereto 
the same was payable; except where there has 
a or other incumbrancer in possession of any 
or receipt of the profits thereof within one year next before an 
suit shall be brought by a subsequent mortgagee, &c.; and 
interest on be recovered for the whole time such 
&c., was i possession or receipt. 
principle of pom. 11 from which 
was first explained by Tobias “yor ke professor 
ietatis 


the of Gottingen, in ‘ Commentarii Regi 
ee tocans Gotthiguate, wenn ii., p. 325, for the year 1752. Mayer 
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a screw; the axis itself is fixed on the top of a staff. 
the instrument is exactly similar to a common mounting 
eying com &c., where greater stability is wanted than a 
socket give. On the top of the tube a flat bar is screwed, 
of which is hurizontal when the tube and axis are vertical; 
be thus form one piece, which has the shape of aT, A 
same length is placed exactly above the former. 
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This latter bar moves easily, and without shake, on a pin concentric 
with the tube and axis, and thus can be placed at any angle with the 
fixed rule, and, as it is supposed, without at all disturbing it. Two 
fine dots are pricked towards the ends of each bar; the lines joining 
the dots in each should pass exactly through the axis of motion of the 
upper bar, and the dots must be equidistant from the centre. When 
this is so, the four dots will, in every position of the bars, be the 
angular points of a rectangle, and the equality of the opposite sides 


harge | can be ascertained by measuring the distance with compasses, Finally, 


on the top of the upper bar a telescope with cross wires is fixed, the 
telescope being a little shorter than the bar, that it may, not interfere 
with measurements between the dots. 

The mode of measuring an angle with this instrument is as 
follows :—Let the two objects be R (that to the right) and 1 (that 
to the left), Set the fixed bar to some angle from 10 to 20 degrees 
to the right of x by the motion of the tube on the axis, and clamp the 
axis-screw firmly; then, by the motion of the upper bar alone, bisect 
R with the telescope. Take, with a pair of compasses, the distance 
between the dots, apply the distance to a scale of chords, and you have 
the angle between the fixed bar and the object R. Call this angle @. 
Now, by the motion of the upper bar alone, bisect the object u. It is 
clear that, if the distance between the dots were again measured, and 
the angle deduced, as before, from the scale, we should have a measure 
of the angle required + 6 But instead of measuring at present, let 
the telescope be brought back on R, by unclamping the axis-screw and 
moving the whole instrument on its axis ; when this is satisfactorily per- 
formed, clamp the axis, and bisect L exactly as before, by moving the 
upper bar and telescope alone. The angle between the bars as deduced 
from measuring the chord between the dots will now clearly be twice 
the angle required + @. Let the operation be performed so many 
times—eight, for instance—that the bars are nearly in their original 
position with regard to each other, and let the distance between the 
dots be measured and the corresponding angle be deduced from the 
seale of chords, which suppose to be ¢, @ being larger than 6. I£ this 
last-mentioned angle been 6 exactly, it is clear that the bar would 
have come round exactly to its original position after having moved 
through 360°; but as it has besides moved over an angle = ¢—8, the 
whole angle moved through is 360°-+@—8, which is also eight times 
the angle to be measured : hence the angle subtended at the spectator 
by R and 1 is }(360°+@—86). By continuing this process of stepping 
several times round, there seems to be no limit to the accuracy with 
which an angle can be measured, except that which depends on the 
imperfection of the telescope, the indistinctness of the objects, or the 
uncertain lateral effect of terrestrial refraction. Mayer used a scale of 
chords, probably because he was thus able to construct the instrument 
himself, and could dispense with any circular arc or divisions. We do 
not see that he has noticed one slight inaccuracy, namely, that as the 
dots lie in different planes, the distance between them is not the actual 
chord of the angle required, but is the hypothenuse of a right-angl 
triangle, the altitude of which is the thickness of the bee easy whe 
the base is the chord required; but this error is easily allowed for, 
and, when the angle to be measured by the compasses is of a tolerable 
size, is scarcely worth considering. If we conceive the plane of the 
lower bar extended and changed into a divided circle, while the upper 
bar becomes a vernier at each end, we should probably have the instru- 
ment Mayer would have proposed, had it been in his power to employ 
a tolerable mathematical-instrument maker. Mayer says that he 
invented this instrument eight years before the publication of his 
memoir, 

The reward pro by the English parliament for any means by 
which the longi at sea could be determined, stimulated Mayer to 
perfect the method of lunar distances. For the successful solution of 
this problem two things are required—tables correct enough to predict 
the true place of the moon at any future time, and an instrument for 
measuring the distance between the moon and star with sufficient 
accuracy. Mayer fulfilled the first condition by his celebrated Lunar 
Tables, one copy of which was sent to the Lords of the Admiralty in 
1755, and a later, improved up to his death (1762), forwarded by his 
widow in 1763. For measuring the distance between the moon and 
star he proposed an instrument similar to Hadley’s sextant, but in 
which the angle can be repeated or multiplied without intermediate 
readings off, similar in principle to the instrument just described. 

Mr. Troughton says (article ‘ Circle,’ Brewster’s ‘ Cyclopedia’) that 
Bird was employed to make reflecting circles after Mayer's idea, but his 
dividing was so excellent, that the entire circle was thought useless, 
and the sextant preferred, as having a larger radius, and being lighter 

handie 


r. 

In 1787 the Chevalier de Borda published his ‘ Description et Usage 
du Circle de Réflexion,’ in which he proposed a modification of Mayer's 
circle, so slight that at first sight it would almost seem trivial, but 
which gives an unquestionable superiority to this above every other 
form of reflecting instrument when well made and skilfully and per- 
severingly used. We shall return to Mayer and Borda’s construction of 
the repeating reflecting circle in the article Srxrant, as those instru- 
ments cannot be understood until the principle of reflecting instru- 
ments has been explained, 

The date of the invention of the repeating circle which is the proper 
subject of this article, is somewhat uncertain; it is later than of 
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level will measure small ares better than any graduated limb or even 
than any small telescope can do, and it is therefore as safe to correct 
for an error of level as to adjust. The level readings should be regis- 


if 
no level error. The effect of a derangement of the vertical 
which is shown by the level, is calculated as follows :—Let the 
reading of the level end towards the object be 10” larger than the 
reading towards the eye. To correct this, the footscrew towards the 
5", when the two readings will agree; but 
now the telescope points 5" below its former position, in which it 
bisected the star correctly. The tel therefore must be raised, 
that is, the zenith distance must be diminished 5"; hence if 5" be sub- 
tracted from the multiplied zenith distance on account of that observa- 
tion, the error would be corrected, and so on with every other instance. 


The rule is, add all the level readings towards the object end, 
and prefix — ; do same with those towards the eye end, and 
+3 take algebraic sum, ‘and dlivide by twice the number of 


. As the in observing out of a regular obser- 
Ser Se Ce the Sivinion of the level might be to every 
2", but numbered as single seconds, These would be better seen, and 
the divisor of the difference would be the number of observations. 

the instrument is very small, and the probable circumstances 
laced promise few facilities, the 

wi id lines. A mistake of one or 
two tenths in guessing the subdivi would be very rare, and 
scarcely cause a sensible error in the final result. 

The circle has been supposed to be adjusted before observing; this 
i First place the instrument with the foot- 
+ cote 1 Sahn bengal be towards the observer 

e slow-motion piece. This is seen at fiy. 1, on the 
peter Ailecbalet , or, if there is an 

circle, set the plane of that ly horizontal by a box level. 
the plane of the vertical circle upright by the cross level, 
plane to be parallel with the two footscrews which are 
observer; that is, if the object is in or near the meridian, 
bubble of the main level to the 
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e circle a quarter round (place it in the meridian according 


This first attempt at adjustment 
performed over agaih with 
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telescope bisects at the same time an object and its image reflected 
When the cross level is adjusted, the horizontal wire of 
set right by making a star in the meridian run 
it, or else by bisecting a fixed object with it, and afterwards 
i uth. The object should run along the wire, 
late round may be made to do so. 
astronomical use of the instrument the azimuthal circle is 
scarcely required, except to see that you have turned the circle 180° at 


each reversal. It is convenient to have a coarse division to show this; 
it is a relief to the eye, and prevents the possibility of catching a 
wrong star. stop which is adj le and gives notice when the 
rotation has ot af wea ton’s i 

circles there is a pin w a slight spring against two 
holes in the azimuth circle, w are 180° apart. This 1» convenient 


§ 
: 


distance of the star. In many circles which we have seen there are 
two slips of brass which slide with a little force on the semicircle, and 
the slight bar above mentioned is brought to touch each of these stops 
alternately. Nothing can be more convenient, but unfortunately, how- 
ever well the clamps may be made, the contact between the bar and 
a stop forces the clamp somewhat, and the essential condition of the 
instrument, that these should be undisturbed, is destroyed. The bar 
should not be allowed to touch the semicircle at all, but stand freely 
from it. In this way, by alternately bringing the bar to the equal and 
opposite divisions, when either the telescope or the level is moved, the 
telescope will always be at the proper altitude when the level is hori- 
zontal. If any one should wish to use the repeating circle as an 
altitude and azimuth circle, or as a surveying instrument, the wires of 
the telescope must be set at right angles to the circle axis, by bisecting 
a distant and distinct object, reading the azimuthal verniers, turning 
the instrument half round, again bisecting the object, and reading the 
verniers a second time. If the object be very distant, the azimuth 
circle may be set to the mean of the readings, and the object bisected 
by the horizontal screws, which draw the wire-plate ; but if very great 
accuracy is required, either two marks must be set up having the same 
distance from each other as lies between the two positions of the axis 
of the telescope, or the angle which this last space subtends at the 
distant mark must be allowed for. The instrument is not fitted for 
nice observation with the azimuth circle. 

We have now explained the chief astronomical use of Borda’s circle, 
which is that of determining the altitudes of stars upon the meridian 
by several observations near the meridian. There is a correction to be 
applied to the mean result, which is easily computed when the approxi- 
mate latitude and exact time are known. The formule and tables 
required may be found in several works on astronomy, in Schumacher’s 
‘Hiilfstafeln,’ p. 38, and Baily’s ‘ Tables, p. 154. The length of time 
during which the observations may be carried on depends on the 
altitude of the star and its proximity to the pole. Polaris might be 
observed safely beyond 36™ on each side the meridian, which is the 
extent of the present tables, and, in these latitudes, stars in or below 
the equinoctial for fully half an hour on each side, Itis supposed that 
the error of the clock is well known, but even this may be wrong to 
a small amount without causing much error, if the number of obser- 
ba on each side the meridian and the hour angles are nearly 
“a The repeating circle may be very well used for getting the time 
either by equal altitudes, or by absolute altitudes with one or two 
repetitions. For this purpose there should be three or five horizontal 
wires, and the instrument should be previously carefully adjusted. 
The instrument must be moved in azimuth, so that the star passes 
each wire near the centre, and nothing should be touched which affects 
the level. For illumination by night, there is an opening with a 
reflector in the centre of the telescope. This is objected to as weaken- 
ing the telescope, but the other mode of illuminating by a small 
central reflector, or outer ring in front of the object glass, is incon- 
venient. Perhaps by taking a longer hold of the telescope and 
strengthening the intervening portion of the tube, the former con- 
venient arrangement may be preserved without sensible loss of strength. 

on Borda 


The repeating circle, s construction at least, cannot be well 
empl in observing the sun without very careful screening. The 
level is so perpetually ing its zero, when exposed to the sun, 


that there is no possibility of saying what the instrumental zenith is. 

One of the first operations which the observer must engage in, is to 
determine the scale of his level at different temperatures, and then he 
may, for small deviations, use the indications of tbe level, instead of 
worrying himself and losing his time in attempting to produce a 
perfect adjustment. The value of the scale is thus measured :—Bring 
the bubble towards one end, bisect a very well defined object with the 
telescope, and read off both scale and verniers. Then, by the slow- 
motion foot-screw, bring the bubble towards the other end, bisect the 
object again by the telescope, and read off the level scale. Now bring 
the bubble to its original position by the circle-axis clamp, and the 
telescope on the object by its own clamp, when everything is as at 
starting, except that the telescope has moved over the circle the 
sum of the angular motions pointed out by the level. This may be _ 

till a sufficiently accurate value is got for the whole scale. To 
try the equality of the divisions of the level, place the foot-screw near 
the line passing through the studs of the slow-motion piece, and note 
the motion of the level for every whole revolution of the screw. 

For geodesical purposes Borda’s circle is an excellent instrument, as 
the great French survey proves, but as the same advantages can be 
obtained by a different application of the repeating principle, it is now 
but little used. For an account of its employment and the directions 
for its use we refer to Delambre’s ‘Méthodes Analytiques pour la 
Determination d'une Are du Méridien,’ &c., Paris, An VII.; in the 
* Discours Préliminaire,’ the same author, contained in the ‘ Baso 
du Systéme Métrique Décimal,’ vol. i. Paris, 1806. 

Borda’s repeating circle two most valuable properties; 
mere errors of division may be diminuted by sufficient patience ; and 
the fatigue of reading off the divisions, the most ungrateful part of an 
observer's task, is greatly reduced. Hence, it may be asked, why is not 
the repeating circle in general use as a portable astronomical instru- 


[ment ? We should answer that, in the first place, the construction 
] Mg: 
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circle, we think the following alteration should 
from its centre,* and whatever care may 
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back, above, and quite out of the way. The whole circ 

close to the upright pillar as possible, and its 
ogg phone pe 4 maker ently at right angles to 
5 would take away ail weight and give great firm- 
hole instrument, 

It must however be admitted that unless there are two intelligent 
observers, or unless the base on which the instrument stands is so 
steady as to prevent the ibility of any derangement when the 
observer moves from the telescope to read level, that errors may 
creep in, though not, as it seems to us, greater than in all other instra- 
ments not reflecti We have previously cautioned circle observers, 


at least, that the level must always be noted contemporaneously with 
the bisection of the star. If the foundation of the tare 

moveable, this will be the same as the level a minute after bisection, 
and so only one observer be required. But if the ition of the 
instrument is affected by the weight or motion of the observer, the 
level after bisection is no test of the ition at bisection, and two 


i 
s 
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ee a 
little at the same time; but this is of no importance, for the level 
shows the change, and the reading off of the level, when properly 
Gf Br: foe ‘ ple lied 

j e ting principle as applied to any instrument, 
<indiie hoold bs id to the perfect in lence of the telescope 


and level with respect to each other, and to their perfect connection | the 


with the circle when they are clamped to it. In some instruments a 
sort of repetition has been attempted by having the circle turn freely 
ppc ape ae Oe YA aR ae fie a the telescope and 
to a vernier circle which carries the level. It seems difficult in any 
such construction to secure the immoveability of the circle while 
clamping and unclamping is going on, and the construction has, we 
believe, gone out of use. There are some precautions which should be 


the telescope should be moved on the circle by two in 
opposite dtrections towards the extremities ; the hdl shoul be 
turned in its own plane by laying hold of the circle itself, and so 
gently that no jar can take place, or any spri back or forward of 
the or its verniers from the moment of inertia; finally, the 
level must garden pera rv read a tow ag pre- 
‘cautions are observed, great accuracy may be obtained ; in two 
instances, to our oe , where Aaa ae en ips sere inh 

une: ut intelligent o! ers, the ts even of a e 
Msoise oe fie 

t may be worth mentioning that with the circle of Borda the 
measurements may be made by moving the telescope contrary to the 
order of divisions, that is,if the first observation is made with the 
face to the right hand instead of the left. There is no advantage in this 
modification, except perhaps that, as the screws are handled a little 
differently, any discrepancy between an angle measured in the two 
ways would show an error in one or both the methods. It would be 
advisable, where several series are taken, to vary the direction in which 
the telescope is brought to its new position, and that in which the 
circle is turned upon the star. The tangent screw it be worked 


either constantly one way or the other, or , but we should 
not expect | sensible difference in the results if instrument is 
well made the observers careful. If two observers can be 


would in theory appear to be Borate 


* If the object and eye end bend equally, there is no alteration in the 
direction of the line of sight; the only evil is that the oblique incidence of the 
rays on the object glass deforms the image when the obliquity is considerable, 
‘The German artists of Reichenbach’s school apply levers to telescopes hung by 
the middle, in order to counteract flexure, We prefer, on the whole, obtaining 
a maximum of stiffness, and then determining the effect of flexure which must 
be allowed for. There is no possibility of avoiding the investigation in any 
case where accuracy is demanded. Gambey takes a longer hold of the telescope, 
but in a motion for surveying when the circle is horizontal, we 
think he has lost something in stability when the cirole is vertical, 


directly. The horizontal points of all the large circles 
vary to some extent with the altitude of the star 
seems contrary to — is here — This 
crepancy is one o most perplexing points in 
astronomy, The amount is, however, so small as scarcely to 
sensibly any conclusion drawn from reflected observations 
small an instrument as a mpeling circle. ; 
What precedes refers ost entirely to the repea' 
when applied to measurements in altitude. Instead of 
Borda and its two telescopes, later artists have given 
azimuth to their theodolites, in addition to the motion 
8CO) 


in original 

have seen there is a considerable probability of disturbing 
clamp while moving the telescope or using its tangent screws. It is to 
secure the detection of any similar motion that a watch telescope, as 
ded to English theodolites, and is indeed 


which we know, 
observed, which 
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A watch telescope can scarcely be ap; 
and we think that the repeating tri 
from any apes “chart was first ote 
suggestion of the Astronomer Royal 
survey of Ireland. 


tu there i tangent sere at forgiving slow motion. The steady 


bisected, the circle being 
the two readings is the to be measured, if the instrument has not 


suppose the whole instrument to be taken up set. down exactly 
concentric with its first PE without any other alteration, but 
with the telescope on R; if L be a second time the 


so that R is bisected by tel 
untouched, it is clear that the o) 
described, and consequently that the telescope being brought on 1 by 


Fig. 3.—Repeating Stand by Messrs, Troughton and Simms. 


its own motion, the measure is obtained of twice the angle 


uired 
and the process may be continued ad libitum, until the errors “ 
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ing off and of division are eliminated. The only precaution to be 


observed is, that the stand must receive no angular motion from the 
motion of the telescope, and this is easily effected by giving a certain 
massiveness to the stand and a considerable heaviness to its motion, 
while the telescope and its verniers revolve as lightly as possible. The 
observer should satisfy himself as to this perfect independence of the 
two motions and the stability of his repeating tripod by taking a set 
of ke pay Sy rome of an angle, always moving the telescope for- 
ward in the order of ead divisions, and a ce set of baa of the 
same , carrying round the contrary way. e two 
saan koa agree i Seok ke no motion; and if they do not, 
the upper motion must be lightened or the lower be loaded till they 
do agree. We should not feel satisfied to use the repeating stand if a 
motion of the telescope a little ruder than necessary affected its posi- 
tion although unclamped; and the stand which is here fi 
fulfilled this condition very well with a 12-inch theodolite. As the 
absolute coincidence of the axes of the tripod and theodolite cannot be 
obtained, the angle should be repeated at’ least once round the circle, 
and, if the case requires it, until the multiple angle'is very nearly 
ual to one, two, or more circumferences. The origi i 
as desi 


an Sn Sap oer &c., of the theodolite, see THEODOLITE. 

softly haere ha a Si erase DromaL which is per 
wi ever, means simply to be repeated, 

and is so little used in the abov sense that it might be advantageously 


eet with more ity. “2 
LEVIN (delivrance de namps, replegiatio). In the middle ages 


i party was said to be distrained (districtus, put 
reer os he beady, Bie isads, or-bis goods, to do the act 


either await the result of his legal prey. « , or, if he was desirous 
of more speedy liberation of the thing distrained, he might 


replevy it by gi a pledge or security to rep it in the custody 
A heatgbmaad in the event of the legal decision being in favour of 


alleged defaulter might contest the legality of the 
of trespass, 


taking in an 
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recover his liberty or the pro distrained, and also damages for the 
temporary detention, was psp of replevin. Where the person of 
the was taken, his remedy was by an action of replevin in a 
form, which, taking its denomination from the writ by which 
was commenced, was called de homine replegiando, This proceeding 
was however surrounded by so many difficulties, rendered perhaps 
indispensable by the necessity of enting criminals from using it as a 
means of evading justice, that it now become obsolete in England, 
parties preferring to obtain their discharge by the more summary 
process of habeas corpus. [Hapeas Conrvs.] The great mass of the 
cases of homine replegiando in the old law books arose upon the seizure 
faith villeins [ ], and this frequently resorted 
itive ILLEIN ], this process was uen to 
and other slave colonies. The seizing of 
way of distress has long ceased to be i 
reg | not only lands but inco: hereditaments were the 
replevin, of which a remarkable instance occurred in the 
mig: of Edward HI. (‘Parliament Rolls,’ vol. i., 45.) 
of 
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third form of replevin, and the only one now in use, is replevin 
, called in the old statutes i de averiis, cattle (in law 
, averia) being the species of goods which usually formed the 
su of a distress. 
the goods of a party were taken out of his possession 


has sued out a writ de proprietute probandd, by which the sheriff tries 
whether the goods are the property of the plaintiff or of the defendant ; 
and if they are found to be the property of the plaintiff, then to 
replevy them ; if of the defendant, the plaintiff's claim to be restored 
to the possession of the goods remains in suspense until the termina- 
tion of the action. 

A replevin does not lie for goods taken in execution, or for goods 
seized for a debt to the crown. In a very intemperate speech, 
addressed by Hyde, afterwards Lord Clarendon, to the House of Lords, 
upon a charge against the barons of the Exchequer, for enjoining the 
sheriffs of London not to execute a writ of replevin of goods seized by 
the officers of the custom-house in respect of unpaid tonnage and 
pou , he is stated to have said,in the course of his argument, 
“ We all knowa replevin lies against the king, if the goods be (be not?) 
in his own hands.” (‘ Rushworth, part 2, vol. ii., 1861.) Though this 
strange assertion has been regularly transcribed by succeeding writers, 
it appears to be altogether unfounded. The replevins sued out for 
goods seized in respect of tonnage and poundage would issue against 
the officers as for goods seized by them in respect of debts claimed to 
be due to the crown. But goods seized for the king’s debts cannot 
be replevied without the special mandate of the king or of the barons 
of the Exchequer. Still less could replevin be brought in respect 
of goods in the actual possession of the king, and upon an allegation 
of their having been wrongfully taken by him. 

Replevin does not lie for goods taken in a foreign country, though 
afterwards imported here. 

If upon a distress taken by the superior landlord upon premises in 
the possession of an under-tenant, the mesne or intermediate tenant 
puts his cattle in the place of those distrained, as by law he was 
allowed to do, he might replevy the goods so substituted, though the 
latter were never distrained. 

Replevin lies notwithstanding an express agreement that the land- 
lord shall be at liberty to distrain and hold the goods against pledges 
(that is, notwithstanding a tender of pledges) until the rent be paid; 
for goods cannot be made irreplevisable by the mere agreement of the 


Executors may maintain replevin for the goods of the testator taken 
in his lifetime, and a husband may bring replevin alone without 
naming his wife, for the foods of the wife taken before the iage ; 
as the property in the goods passes to the executors, and to the husband 
as te ly, notwithstanding the seizure and detention. 

person may in’some cases support a replevin without being the 
owner of the goods, as where the plaintiff is the bailee of the goods 


y | taken. [Barnment; PLepar.] 


The writ of replegiari facias, which must have been sued out of the 
Court of Chancery, was attended with great inconvenience and delay at 
a period when the chancery followed the person of the king, and hence 
it was provided by the statute of Marlbridge, (1267) that the sheriff 
should, after complaint made, deliver the goods without hindrance or 
refusal of him who took them, and by 1 and 2 Philip.and Mary, ec. 12, 
every sheriff was required to appoint four deputies dwelling not above 
twelve miles distant from one another, to make jeniorial and 
deliverance of distresses, Under these two statutes distresses continued 
to be replevied, until quite recently; when by the statute 19 & 20 
Vict. c. 108, the powers of the sheriffs were transferred to the registrars 
of the County Courts [County Courts], who now grant replevins, and 
take security from the replevisor for the prosecution of an action either 
in the County Court or in one of the superior courts to try the validity 
of the distress. This bond is taken under the statute 11 Geo, II., c. 
19, s. 23, requiring sheriffs and other officers having authority to grant 
replevin, in every replevin of a distress for rent, to take from the 
plaintiff and two responsible persons as sureties a bond in double the 
value of the distrained, with a condition for prosecuting the suit 
with effect and without delay, and for duly returning the goods and 
chattels distrained in case of a return being awarded. 

By this statute this bond may be assigned to the avowant (the party 
who took the distress in his own right), or to the P omen making 

(the party acknowledging the taking of the distress on 
behalf of some other person), and the assignee may sue upon it in the 
event of the condition of the bond not being performed. 

In the action which follows the replevin, the plaintiff declares against 
the defendant for the taking of the goods and chattels of the plaintiff, 
at such a time and in such a place, and claims damages. To this 
declaration the defendant may plead non cepit, whereby he admits that 
the goods belong to the plaintiff, and denies the taking only; or he 
may plead that the goods do not belong to the plaintiff, thereby 
admitting that he took and detained them, ; 

But in ordinary cases, the defendant avows in his own right, or 
makes cognizance as bailiff to his employer, for rent, or for some 
other duty or cause, for which a distress is allowed by law [Dts- 
tress], in doing which he may set up any ground of distress, though 
differing from that expressed at the time when the distress was 
made. 

The plaintiff may reply to the defendant’s plea as in other cases 
[PteapinG]; but inasmuch as an ayowant, or a person making cog- 
nizance, is not merely a defendant, but a party seeking to recover some 
thing, the plaintiff's answer to an avowry or cognizance, which is in 
the nature of a declaration for the right or duty withheld, is called 4 
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plea in bar to such avowry or cognizance; the defendant's answer to 
which plea or har is called a replication. 

Where there is judgment for the defendant, or the plaintiff is non- 
suited, the judgment directs that the defendant shall have the goods 
restored to him without bay | again subject to being replevied, which 
is called a return irreplevisable. 

If upon a replevin, or upon a writ of retorno habendo after judg- 
ment, the sheriff returns that the cattle, &c., are driven away (eloi 
elongata) a writ may issue commanding the sheriff to make reprisals by 
taking the cattle, &c., of the distrainor, and to detain them until he is 
ably to replevy the cattle, &c., of the distrainee. This process, which 
is now nearly o! , was called a capias in withernam, or a capias 
by way of couinter-taking, from wither (against ; in German, wider) and 
nam, a or distress, A special action of tres; also lies for 
removing a distress so that it cannot be replevied. is latter offence 
was formerly called a “ vee,” or “ vetitum namium,” by which term is 
to be understood, not, as might be supposed, a forbidden di but 
a distress forbidden or refused to be replevied.” (2 ‘ Inst.’, 140.) 

If after goods have been replevied, and before the suit has been 
decided, the defendant makes another distress for the same cause, such 
second distress is called a recaption, and the course is to sue outa 
special writ for the restoration of the goods and for the punishment of 

e recaptor; since, whether the first taking was right or wrong, the 
defendant is not justified in thus Fema g the judgment of the 
court. It is not material whether the second taking be of the same 
goods or of other goods, provided they belong to the same party, and 
are taken for the same cause; but if the landlord distrain the gee of 
A, who replevies, and afterwards, finding the goods of B upon the land, 
he distrains them for the same rent, no writ of recaption lies, B can 
my replevy or bring an action of trespass or trover. 

t common law, if the plaintiff was nonsuited, although the defen- 
dant became entitled to a return of the goods, yet the judgment was 
not that the return should be irreplevisable, as in a judgment upon a 
verdict where the right had been tried. The plaintiff might have again 
sued out a replevin, and so after several successive nonsuits. To put 
an end to this vexatious proceeding, the statute of Westm. IL. c. 2, 

ve the plaintiff a writ of second deliverance instead of a new replevin, 
in which, if the plaintiff in any manner fail in his suit, the defendant 
will have judgment for a return irreplevisable. In other respects the 
proceedings in the action of second deliverance are similar to those in 
the action of replevin. 

REPLICATION. [Preapixc.] 

REPORTS (in Law) are relations of the proceedings of courts of 
justice. They usually contain a statement of the pleadings, the facts, 
the arguments of counsel, and the judgment of the court ;—the object 
being to establish the law, and prevent conflicting decisions, by pre- 
serving and publishing the judgment of the court, and the grounds 
upon which it decided the question of law arising in the case. 

The earliest reports extant are the ‘Year Books.’ It is said that 
some few exist in MS, of the reign of Edward I. and a few broken 
notes are to be found in Fitzherbert’s abridgment. A series of these 
commences, and are now printed, from the reign of Edward II. 
They were published saoniligs which explains their name, from the 
notes of persons, four in number, according to Lord Coke, who were 
paid a stipend by the crown for the purpose of committing to writing 
the proceedings of the courts. These early accounts of cases are very 
short, abrupt, and often confused, ially from the circumstance 
that it is frequently difficult to ascertain whether a judge or a counsel 
is 5 . 

The Year-books continue, with occasional interruptions in their 
series, down to the reign of Henry VIII. The omission during the 
time of Richard IT. has been attempted to be supplied by Bellewe, who 
‘collected and arranged the cases of that paded which had been pre- 
served by other writers. The Year-books are wholly written in Nor- 
man-French,-although by the 36 Edw. III, stat. 1, c. 15, it was enacted 
that all pleadings should be in the lish language, and the entries 
on the rolls in Latin. This dialect continued indeed to be used as late 
as the 18th century ; the last which ap were those of Leyinz 
and Lutwyche ; the former in 1702, the latter in 1704. The Year- 
books of later date have more continuity of style and fulness of 
discussion ; cases are cited, and the decision of the court is given at 
greater length, with more solemnity and clearness. About the end of 
the reign of Henry VII. it is probable that the stipend was withdrawn. 
Only five Year-books exist for the ensuing reign, and none were 
published after it. Their place was shortly afterwards supplied by 
reporis compiled vd NM oghet individuals, but subject for some time 
to the inspection of the judges, whose testimony to the fitness of the 
reporter is prefixed to the Reports. This however soon became a mere 
form, as appears by the statement of Lord-Keeper North, who 5; 
slightingly of the 
Year-books. 

During the reign of Henry VIII. and his three successors, Dyer, 
afterw chief-justice of the Common Pleas, took notes as a reporter. 
Benlvoe and Dalison were also reporters in these reigns. In the time of 
Elizabeth many eminent lawyers reported the pi of the 
courts, and, from the ability with which they acquitted themselves, 
added to the eas unsettled state‘of the law, the Reports of about 
this period have acquired very great authority, Anderson, Moore, 


ports in his time as compared with his favourite 


Leonard, Owen, Coke, and Croke, all lived about this time. But the 
first printed accounts of cases published by a private hand are those of 
Edmund Plowden, the first part of which appeared in the year 1571, 
under the title of ‘Commentaries.’ A few years the exe- 
cutors of Dyer published the notes of their testator under the express 
name of ‘ rts,’ being the first published under that title. ese 
were followed, in 1601 and 1602, by those of Sir Edward Coke, which, 
from their excellence, have ever been ed by the name of ‘The 
Reports,’ During this time reporters not, as they have done in 
more modern times, confine themselves to one court. In 


volume are found reports of cases in chancery, in the three sw r 
courts, the court of wards, &e, During the of James I., Lord 
Bacon and Sir Julius Cesar suggested to the king the appointment of 


in the courts. James 
ordinance for their aj 


a to have been acted upon, and Reports continued to be compiled 
anit published by private hands only. 

The Hnglish language was first used by about the time of 
Elizabeth. Lord Coke employed it in his ‘Commentary upon Little- 
ton.’ In his preface he states why he thought it convenient to do 80; 
and adds that his conduct was not without precedent. From the 
period of Elizabeth down to the present, Reports have been published 
of the proceedings in all the courts. Coke, in his day, thought the 
following distich applicable :— 

“ Queritur ut creseunt tot magna volumina legis ; 
In prompta causa est, crescit in orbe dolus.” 


This is curious as evidencing the number and fecundity of reporters 
at that time. North also complains of the great number of Reports. 
(Coke's Reports, Preface to part 3; Dugdale’s Origines Juridicales ; 
Reeves’s History of the English 
REPRESENTATION. [Dxscenr.] 
REPRIEVE (from the neh i 
means the withdrawal of a prisoner from the execution and 
of the law for a certain time. Every court which has power to a) 
execution, has also power, either before or after judgment, to grant a 
reprieve. The conseq' that the delivery or the 


withdrawn), in criminal law, 


apes a nore is, : 
execution of the sentence of the court is suspended. reprieve may 
proceed from the mere pleasure of the crown expressed to the court, 
or from the discretion of the court itself. The justices of jail delivery 
may either grant or take off a reprieve, although their session be 
finished, and their commission expired. A reprieve ing from 
the discretion of the court is usually granted when, from any circum- 
stance, doubt exists as to the propriety of carrying a sentence into 
execution, This doubt may be created either from the unsatis' 

character of the verdict, the suspicious nature of the evidence, the 
insufficiency of the indictment, &c., or from the appearance of cireum- 
stances favourable to the-prisoner. When a reprieve has been granted 
with a view to recommend to m a prisoner capitally condemned, a 
memorial to that effect is fo: ed to the secretary of state, who 
recommends the prisoner to the mercy of the crown. Where it 
has been granted by reason of some doubts in point of law as to the 
propriety of the conviction, the execution of the sentence is suspended 
until the opinion of the judges has been taken upon it, The sentence 
is then executed or commuted in accordance with their opinion. 

There are two cases in which a reprieve is necessarily granted. One 
is where a woman who ‘has been capitally convicted pleads her preg- 
nancy in delay of execution. Where such a plea is made, the judge 
must direct a jury of matrons to inquire of the fact; and if they find 
that she is quick with child, the execution is delayed, either till after 
her delivery, or proof by lapse of time that she was not pregnant. The 
other is where a prisoner appears to have become insane between 
judgment and the award of execution. In such case a jury must be 
sworn to inquire whether he really is insane, If they find that he is, 
a reprieve must be gran 

the By sake is sent by the secretary of state, it is under the sign 
manual of the sovereign. 

REPUBLIC is derived immediately from the French république, 
and ultimately from the Latin res ps The Latin expression res 
publica is defined, by Facciolati, to be “res communis et publica 
civium una viventium,” and very closely with the i 
word commonwealth, as used in its largest acceptation for a political 
society, The Latin word res publica might be applied to a community 
under a monarchical government; thus Augustus is said in a 
of Capito, a Roman lawyer, to have governed the res publica (Gellius, 
xiii. 12); the word, however, was more applicable to a society having a 


peaks | popular government than to a society having a 


ical govern- 
ment; thus Cicero denies that the name of res publica can Bs pro- 
perly given to a community which is grievously oppressed A the 
rule of a single man: “ Ergo illam rem populi, id est rem publicam, 
quis diceret tum, quum crudelitate unius oppressi essent universi ; 
neque esseb unum vinculum juris, nee consensus ac societas coetus, 
quod est populus ” (‘De Rep,,’ iii, 31), 
i raed Sosordiin to the modern usage of the word, signifies a 
litical community which is not under mo government, or, 
fh other words, a political community in which one person does not 
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the entire sovereign power. Dr. Johnson, in his dictionary, 
bereny a republic to be “a state in which the power is lodged in more 
than one.” Since a republic is a political community in which several 
persons share the sovereign power, it comprehends the two cl of 
aristocracies and democracies, the differences between which are ex- 
plained under Artstocracy and Democracy. 

The word republic is sometimes understood to be equivalent to 
democracy, and the word republican is considered as equivalent to 
democrat ; but this restricted sense of the words appears to be in- 
accurate; for aristocratic communities, such as Sparta, Rome in early 
times, and Venice, have always been called republics. 

REPUBLICATION. [Witt anp Testament. ] 

REPULSION is that power by which bodies or the particles of 
bodies are made to padhe, Srced one another. Both attraction and 


repulsion exist in all the particles of material substances, and seem to 

be properties by which those oe act upon one another when not 

in contact. cause of these actions will probably be for ever 
; 


ges rays inflected respectively at greater 

(‘ Optices,’ lib. iii.) [Drrrraction or Licut.] From these 
phenomena Newton was led to the opinion (which ae roo > 
all material bodies might be assemblages of particles in 


magnetical, and electrical actions, The phenomena of nature seem to 
par Bo ek ition than an ether pervades all bodies; but it must 
admitted 


the hypothesis of Newton vg! removes the difficulty 
the actions of the particles of ies a step further, since 
‘we are equally at a loss to account for the existence of the powers in 
and in the ether itself. 

The reality of a distance between the particles of bodies, whether 
_— - or gaseous, admits of no question; for the differences in 
the of these classes of bodies can only be conceived to arise 
from the different extent of the intervals between the particles. 
— By the process of cooling, all bodies, with certain exceptions 

ular cases, become contracted in volume; and the mixing of 
two given volumes of different fluids (as water and sulphuric acid) pro- 
duces a volume less than the sum of the two separate volumes. ese 
effects manifestly depend upon the approach of the particles to one 
another, and are therefore inconsistent with the supposition that they 
were ori, in contact. 

It is to ask if there be such a thing as mathematical contact 
in nature, and it may be answered that we have no evidence of such a 
condition. (Courston.] Besides the continual diminution of volume 
produced in the of bodies, the Newtonian experiment of 
a convex lens of glass upon the surface of a glass mirror 
affords evidence that the lens, at the point of nearest approach, and 
under a very great , is not in contact with the mirror ; and it 
has been supposed that the distance between them, at that place, is then 
not leas than 4; inch. (Robison, ‘Mechan. Phil.’) It seems to follow 
that a vast force of repulsion must be in action between the particles 
bodies when they are as near together as mechanical power can 

them ; and it can be easily conceived that such repulsive force 
ge feb eA yeah d sale pacrerhy A a 

t has been said that the mixture of certain different fluids produces 
a diminution of volume; but it must be observed that a contrary effect 
Some of the metals, when mixed together in a 


oe wen takes 

nate, produce volume greater than the sum of the component 
volumes ; melted 

frozen, ex; 


F 


I 


metals, on becoming solid, like water on being 

in volume, The latter effect may arise from the crystals, 

on being formed, placing themselves across one another so as to leave 
i large intervals ; but the other can only be caused either 

by a diminution of the attractive er which the cles exert on 
one another, or by its being changed into 4 power of repulsion. One 
of these latter circumstances must also be the cause of the great 
augmentation of volume which takes place when the components of 
some bodies are disengaged from each other. It is said that if the 
parts of olefiant gas were separated, the sum of the separate volumes 
would be four times as great as the volume of the compound; that is, 
two volumes of hydrogen and two of carbon vapour are condensed in 
olefiant gas into the space of one volume, 


It is right to observe that the word repulsion is often applied to 
phenomena which are in reality the results of attraction. A small 
quantity of quicksilver being laid on a glass plate assumes a spherical 
form, instead of spreading over it in a thin surface ; and this was once 
supposed to arise from a repulsive power in the glass, whereas it is 
owing to the attraction of the particles of quicksilver for one another 
being greater than the attraction of the glass for the quicksilver. 
Again, when a small sewing-needle is placed on the surface of water, it 
remains there without sinking, and the water is depressed about the 
needle as if it were repelled by the steel; in fact, however, the trough 
is caused by the weight of the needle, which displaces the particles of 
water, but is not great enough to overcome their attraction for each 
other. Also, when two balls, one of them of glass, which is capable of 
attracting water, and the other of burnt cork, which is not, or only in 
a very small degree, are placed near one another in water, the latter 
seems to be repelled from the former; but the cause of the pheno- 
menon is that the ring of elevated water about the glass assumes on 
the exterior a conical surface, so that when the cork ball is brought 
near enough to the other to be partly on the slope, it immediately 
slides off by its gravity. 

The elasticity of bodies is a result either of attractive or repulsive 
powers, or both. For example, when a steel rod is bent, the particles 
on one side will be forced towards, and on the opposite they will be 
drawn from one another ; in recovering itself, a force of attraction will 
be exerted on the latter side, and of repulsion on the other; and this 
may be considered as an evidence that in the insensible spaces between 
the particles of bodies attractions and repulsions prevail according as 
the distances between those particles are varied. While the change of 
figure in the rod is small, so that the displacement of any two particles 
is but a small part of their whole distance from one another, the 
attractions and repulsions exerted by the force applied are proportional 
to that force; and upon this principle depends the observed isochro- 
nism in the oscillations of a watch-balance, whatever be the extent of 
the ares of vibration. The expansions of solids and fluids by heat, and 
the elastic powers of gas at different temperatures, are consequences of 
the repulsions residing in the particles of caloric, or induced by the 
latter in those of the bodies with which they are combined. [E1as- 
riorty ; Gas; Heat.] The repulsive power existing in the air which 
is condensed in nitre, produces, on being combined with heat, a velocity 
of expansion equal to about 7000 feet per second; and the force of 
pressure resulting from it is thought to be equal to 2000 times the 
pressure of the atmosphere. (Hutton, ‘ Tracts.’) The repulsive force 
which produces some of the electric explosions in the atmosphere is 
supposed to be much greater. But the forces both of attraction and 

uulsion by which the particles of light are deflected from their course 

en they impinge.on a refracting or reflecting surface are enormous ; 
and Sir John Herschel computes that they exceed the force of gravity 
in the ratio of 2x10" tol. This is on the hypothesis of radiation; 
and that philosopher observes that on the undulatory hypothesis the 
numbers are equally high. 

The circumstances of electrical attractions and repulsions are shown 
in the article ELecrricrry ; and the results of experiments prove that 
the intensities of these forces in the electric, galvanic, and magnetic 
fluids, like that of = attraction, vary inversely as the squares of 
the distances of the bodies, 

Boscovich has ingeniously represented the series of alternate 
attractions and repulsions supposed to be experienced by a particle 
of matter within the very small -distances between that particle and 
another, by a curve consisting of several bends crossing and recrossing 
an axis in points at various distances from the origin, which may be 
supposed to be the place of the second particle above mentioned. The 
ps Sern of this curve on one side of the axis represent attractions, and 
those on the other side repulsions ; the places of crossing heing sup- 
posed to be those at which the first particle would be at rest. Beyond 
the small distance above mentioned, this axis becomes an asymptote to 
the curve, and the ordinates of the curve here represent the general 
law of attraction (the inverse square of the distances). Near the origin 
of the axis the ordinates represent repulsions; and these ordinates 
constantly increase till they become infinite, so that a right line drawn 
through the place of the second particle, perpendicular to the axis, is 
an ptote to this branch of the curve. ° 

REQUEST, COURTS OF (sometimes called Courts of Conscience), 
were local tribunals, founded by Act of Parliament to facilitate the 
recovery of small debts from any inhabitant or trader in the district 
defined by the Act; they have been altogether superseded by the 
County Courts. 

REQUIEM ( ies, Lat., rest), the name of a mass sung in the 
Romish Church for the repose of the dead, beginning Requiem 
eternam, and in the Roman Catholic liturgy called Missa pro Defunctis. 

REREDOS. [Retasie.] 

RESCUE, in Law (‘ rescous,’ from the old French word rescourser, 
‘to recover ’), is the unlawful and forcible setting at liberty a person or 
goods, in lawful custody. A rescue may be either a criminal offence 
or a civil injury, according to the circumstances under which it is 
effected, Thec r of the criminal offence is determined by the 
character of the offence committed by the person rescued. If, for 
instance, a party has rescued a traitor or a felon, he has committed the 
offence of treason or felony ; but as the treason or felony of the person 
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reseued cannot be assumed to have been committed until after his con- 
vietion and pee meaner it is not proper to the rescuer for such 


offences until after ju t of the principal offender. But the 
rescuer may be indeed for a misdemeanor before such judgment. 
For a rescue from lawful custody is in all cases a misdemeanor. 
Several statutes have, however, varied the character of this offence, and 
the punishment, 

Previously to the abolition of arrest on mesne process, if a prisoner 
in custody of the sheriff on mesne process was rescued, the sheriff 
might e a return to that effect, which freed him from further 
responsibility; the rescuers being liable to an attachment for a con- 
tempt, and also to an action at suit of the plaintiff. 

Where a party is arrested, or goods are taken upon a final process, 
the sheriff cannot return that there has been a rescue, and either he or 
the jailer is in all cases, except where the rescue chy exy Bm 
king's enemies, answerable in an action by the plaintiff. This liability 
is concurrent with the liability of the rescuers themselves, the plaintilf 
having the option to sue either the rescuers or the sheriff, 

(Com., Dig., ‘Rescous;’ Hale, P. C. ; Hawk., P. C.; Russell, On 
Crimes ; Matthews, On Criminal Law.) 

RESERVOIRS. In engineering works the word reservoir is under- 
stood generally oh to the large collections of water which are 
made for the pola of feeding canals, or of supplying the head waters 
of a mill, or o' supplying the water required for municipal services. The 
water, in almost all these cases, is obtained by storing the excess of the 
rain-fall (which would otherwise pass off from the surface of the land, 
by the streams or rivers, during the rainy seasons) in artificial ponds, 
provided with sluices, feeders, or main pipes, to conduct the water to 
the places where it is required. Under these circumstances the 
dimensions of reservoirs, and the modes of their construction, must 
admit of every imaginable variation; but the general principles con- 
nected with their formation may be briefly stated as follows. 

The reservoirs for feeding canals, or inland navigation, may be 
made without much reference to the quality of the water to be stored 
in them; but those which are designed for the purpose of a town 
supply must be made in such places as to obviate any danger from the 
contamination of the water. It is customary that they should be 
formed, in either of these cases, if practicable, in the gorges of moun- 
tainous districts, where there might exist a large area of land having a 
natural fall towards the outlet of the gorge. Writers upon meteorology 
calculate that upon the average } of the total rain-fall of the whole 
year passes off by means of the superficial natural watercourses ; that 
another § off by evaporation; and that the remaining } descends 
into the ground to feed the land springs and the wells. In moun- 
tainous districts, however, these proportions do not hold good; for, 
firstly, it happens that, as a general rule, the nucleus of mountain 
chains consists of dense impermeable rocks, which not only oppose the 
infiltration of water, but also from the steepness of their escarpments 
throw off the rain-fall in greater abundance than would be the case in 
more level districts. Secondly, on mountains the rain-fall is usually 
more abundant than it is on plains, and it is more evenly distributed 
over the year; so that the natural surface of the ground does not 
become so absorbent, nor does the evaporation from that surface take 
place with the same rapidity, as it would do in the low lands. Tt 
thus happens that the quantity of water, which may usually be 
calculated as being likely to find its way into a reservoir placed in a 
mountainous district, may be reckoned as being about one half of the 
total rain-fall; but the net quantity disposable will be often very 
inferior to the quantity;thus originally impounded, because there must 
always be an active evaporation going on from the water surface, 
(which, moreover, will take place to the greatest extent when the 
water is most wanted).and there must always be a more or less active 
infiltration through the bed of the reservoir itself. As it will be 
necessary to discuss the effects of these cogditions of evaporation and 
infiltration under the article Warer Surrty, on account of their 
influence upon gravitation water-works, it may suffice here to say that 
it is very rarely indeed that the ineer can depend upon com- 
manding more than from } to 4 of the total quantity of the rain-fall of 
his drainage area; and that it is only exceptionally that he can attain 
the higher limit above quoted. : 

Another *very important consideration will be found to affect the 
dimensions of reservoirs, which has only been cursorily noticed above, 
namely the distribution of the rain-fall over the year. In many cases 
it is known that rain does not fall for months 


have taken place. A reservoir established in such a district must then 
contain ; Ist, the total actual quantity required for. the service it is 
intended to perform; and it is to be observed that during droughts 
the consumption of water must be nearly double that which would be 
required under normal circumstances, whilst the reservoir must be 
made — enough to gg haar largest consumption, not the average 
one, it must contain, in addition to this quantity, enough water 
to — for the evaporation and infiltration, and to secure the 
water injurious chemical changes. In fact the water of large 
lakes even, unless constantly kept in motion by streams passing 
through them, is liable to become vapid and deficient in aeration ; 


whilst watera, in , hot weather, become pero nauseous. 
unless their volume should be very great indeed ; an vagebetio, and the 


lower forms of animal life, d themselves with singulair activity 
under the same circumstances, Of course this latter consideration 
would not materially affect canal reservoirs, but it is an all impor- 
tant one in the case of gravitation water-works, and the singular 
story of the introduction of the anacharis alsinastrum into our canals, 
roves that it is expedient to watch the growth of aquatic plants even 
canal reservoir&, 

In all descriptions of reservoirs it is important that precautions 
should be taken to prevent the accumulation of alluvial matters of a 
nature to fill them up; and, in the case of water-works reservoirs, 
this is essentially n because the waters standing for a Jong time 
over them must contract impurities from those matters, The nature 
of the surface of the drai area will regulate the nature of the 
precautions to be taken ; for, if the soil should be one easily moved by 
the surface rills, it will be necessary to form depositing pits on the 
courses of the feeding streams; on hard limestone, slate, or plutonic 
formations, it may often only be necessary to prevent large boulders 
from being carried into the’ reservoir; and on peaty uplands, it will 
usually be found that the surface of the country will itself suffice to 
prevent the transport of much alluvial matter. The water obtained 
from peaty lands, it is to be observed, is not fit for the purposes of a 
municipal supply; and hitherto no satisfactory mode of removing the 
qualities communicated to the water by the peat has been discovered. 
For canal p' peaty water is as good as any other, inasmuch as 
its colour and taste are of no importance for purposes of navigation ; 
but either for irrigation, or for town supplies, such waters are 
inadmissible. 


In selecting the position for a reservoir the most important con- 
ditions to be considered are, firstly, the nature of the bed; and 
secondly, the position of the retaining wall. The bed must not only, 
as said before, be of a nature not to communicate impurities to the 
water, but it must be for all practical purposes, impermeable. The 
value of a reservoir, in fact, depends on its power of storing, that is to 
say, of its holding water; but when the strata of which its bed is 
composed are so much fissured, or are of so permeable a nature as to 
allow the water to escape, it becomes necessary both to increase the 
original volume of the water stored, and to guard apene the danger of 
the water’s finding its way under the seat of the dam. The con- 
struction of the latter is, however, the most important part of the 
works required for the formation of a reservoir, for the of water 
against its face frequently is not less than 40, or even 70 feet, so that 
the pressure calculated to turn the reservoir over upon its outer edge, 
or to thrust it forward horizontally, is enormous; and the difficulties 
of construction increase precisely in proportion to the height and the 
length of the dam, Its position must therefore be selected in some 
portion of the gorge to be converted into a reservoir where the sides 
approach one another so as to contract the opening of the valley; the 
foot of the dam must be carried down far enough below the of 
the ground or of any subjacent permeable strata, to prevent the lateral 
passage of the water; its thickness must be made superior to that required 
to resist any possible dynamical effort it may be exposed to; the materials 
of which itis com) must be able to resist the passage of water ; 
it must be made high enough to prevent waves, by whatever cause 
produced, from washing over its crown ; and finally the overflows, bye 
washes, waste weirs and accessory structures (such as the sluices, draw- 
off pipes, &c.) must be made perfectly water tight, unless in the parts 
especially designed for the B rp. 9 of the water. To secure the 
condition of the impermeability of the seat of a dam it is often 
necessary to carry the foundations as far below the surface as the dam 
itself rises, and instances of foundations fifty feet deep are by no means 
rare, Telford even recommended that when the strata on which a 
reservoir had to be formed were of a porous nature, the whole of the 
valley should be puddled ; so great an importance did he attach to the 
necessity for i this dangerous action. 

The'vdams of reservoirs are either formed of earthwork, or of 
masonry, or of a mixed m of earthwork and masoi Local 
circumstances must guide the engineer in his selection of precise 
nature of the materials he will employ; but the result of careful 
observations on the movements of large works of this description has 
led to the general recognition of the following practical rules for the 
thicknesses to be given. When masonry dams are used, it is found 

ecessary to make the thickness of the wall, x, equal to the 
following proportions of the height of the dam above the surface of © 
the bottom of the reservoir near its foot : 


at the to w=hx 030 
in the middle « = h x 0°50 
at the bottom # = h x 0°70 


When earthwork is used the dam should be made from 15 to 16 feet 
wide at the top, with slopes of at least 14 to 1 towards the water, 
and of 24 to1 on the dry side; the water side must be protected 
against the abrasion of the waves by stone pitching, and below the 
line of agitation its face must be carefully puddled. A wide puddl 

trench, or a thick wall of hydraulic masonry, should be ied up in 
the heart of the bank, and ev ution must be taken to resist 
the of the water thro’ e various layers of the body of the 
work, As a general rule the materials of the bank should be deposited 
in layers of from 6 to 9 inches in thickness, and well and carefully 
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rammed ; care being taken to prevent anything like a perfect horizon- 
ee ela making occasional steps in the layers of earth. 
i reagan must be taken in the formation of masonry dams, 
yers, or horizontal beds must be stepped. It is also to be 

is a tendency in all long straight dams, of earth, 
or of masonry, exposed to the constant action of a great weight of 
water to assume in time the form of a catenary curve ; and in order to 


quoted thicknesses have been adopted. The usual rule is, it may here 
be added, to make the top of the dam about 5 feet above the maximum 
water level, in order to resist the action of the waves in the reservoir ; 


the stabili 
Boe velocity of the stream flowing from the foot of the bye wash. 
‘or the service of canals, or of town distribution, the water is drawn 
off by a series of sluice-gates, provided with the necessary contrivances 
to the velocity of flow in the distributing channels; and it 
may stated that, for a town distribution, the variable head upon the 
main pipes which is usually admitted, does not exceed 13 feet; and 
that in all cases it is desirable that the efflux of the water through 
the or the mains, should take place with as great regularity 

it is possible to attain. 

of the importance of the reservoirs formed for the supply 
town distributions may be derived from the following 
of the most remarkable works of this description. 


erage 

pe ot 35 feet 6 inches, or they have a storeage capacity of 584,866,716 
ic feet ; Liverpool reservoirs have a storeage capacity of about 
3,156,000,000 gallons; the Yan Yean reservoirs in Victoria, have an 
acres, and a storeage capacity of 6,400,000,000 gallons. 
Midi, of France, has at Gros Bois, a reservoir of 
i capacity, with a head of water at the dam of 
: reservoir of the Nantes to Brest canal has a 
about 262,395,000 cubic feet, and a head of 33 feet; the 
of St. Fériol, on the canal du Midi, has a capacity of 
223,090,000 cubic feet, and a head of 105 feet. The Birmingham 
canal has a reservoir of 80 acres area, with a of 45 feet at the 
head ; the reservoir of the Union canal of Philadelphia, is not less than 
730 acres in area, by an extreme depth of 40 feet, and it has a capacity 

7 


000 cubic feet; on the Rideau canal of Canada 


of the storeage capacity to the area of gather- 
to 40 thousand cubic feet per acre; and it is 
maximum quantity stored never exceeds 
area of the gathering grounds, in the most favour- 
inclined ah ocernyy districts; nor does it ever exceed 
in flat ve ones. The cost of forming large reservoirs 
if ever, fallen short of 450/. to 500/. per million cubic feet of 
ity, lea out of account the accessory works, or 
of the land. very important element in the cost of all 
is to be found in the compensation to be given to the 
who were formerly entitled to the water privileges existing in 
district ; but it is not possible to discover any general rule appli- 
_ cable to the countless variety of cases of this description. Some 
remarks on the subject will be found under Water MILs. 
There is an important distinction to be made between the various 
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after filtration. The latter are begs arg inary an and are, 

therefore, rarely made larger than would be required for a four or a 

supply at the maximum ; whilst the reservoirs are 

enough to hold a quantity equal, when the rain-fall is 

60 «pel od annum, to about 120 days’ consumption; when 

48 inches, to about 140 days’ consumption ; and when it is 

_ about 22 inches (which is the case in the eastern parts of England), to 
about 200 days’ consumption. 

It be interesting, archseologically, to add that some of the most 

mountain reservoirs in Europe are those which were 

the Moors of Spain; that the under the 

Pharaohs had executed some wonderful works for the of 

storing the inundation waters of the Nile ; that the native rulers and 


, there is a 


the Mohammedan conquerors of India vied with one another in the 
construction of the colossal tanks of that country; and that even the 
Aztecs had adopted a peculiar system of aguadas, or underground. 
reservoirs, for the purpose of storing the copious but partial rains of 
their country. The Moors and the Egyptians seem to have used the 
water they stored principally for the purpose of irrigation. The Greeks 
and the Romans supplied their towns with water from springs and rivers, 
and very rarely attempted to execute irrigation works, so that there are 
no authentic records of the formation of artificial storeage reservoirs by 
either of those nations. One of the most ancient works of this de- 
scription whose history can be identified in modern times is the 
reservoir of St. Fériol, on the Canal du Midi; and nearly contem- 
poraneously with it the system of catchwater ponds, which supply 
partially the fountains of Versailles, was executed by the orders of 
Louis XIV. 

RESIDUAL, an expression which gives the remainder of a sub- 
traction, as a — b. 

RESIDUARY LEGATEE. [Lecaree.] 

RESIGNATION. [Benerice.] 

RESIN. [Turrentive.] 

RESINEIN. [Turrentre.] 

RESINS, a large class of substances, existing chiefly in the vegetable 
kingdom, and of which common resin, rosin, or colophony, is the type. 
They are generally obtained by incising the bark of trees; oleo-resin, or 
a mixture of a volatile oil and resin, then exudes, and gradually 
hardens. It is possible that the resins do not exist as such in plants, 
but that they are produced by the oxidation of essential oils. 

The chief properties of resins are: insolubility in water; non- 
volatility ; solubility in alcohol, ether, benzole, essential oils, and by 
the aid of heat in fixed oils; are insulators of electricity ; become 
negatively electric by friction ; fuse when heated ; and, in contact with 
air, burn with a bright, but very smoky, flame. 

But little is Known of the constitution of resins. Constantly, but 
slowly, absorbing oxygen, with or without evolution of carbonic acid 
or water, or both, it is almost impossible.to obtain them in anything 
like a definite state. Again, with one or two exceptions, they do 
not crystallise, and this greatly increases the difficulty of determining 
their individuality. Some—such as santonin, eugenin, gamboge, cube- 
bin, myrrh, and chrysophanic acid—seem to be produced by the simple 
replacement of a number of equivalents of oxygen for an equal number 
of equivalents of the hydrogen in the essential oil. Others, for 
example, etyracin, anime, red resin of rhubarb, mastic, amber, elemi, 
and aloetin ; not only take up oxygen in the place of hydrogen, but 
also assimilate water. Many are probably mere oxides of the volatile 
oils; some we know to be simply hydrates. As yet, the resins have 
not been artificially formed from the pure essential oils : could this be 
accomplished, an important insight into their constitution would, no 
doubt, be obtained. 

The solutions of several of the resins in alcohol redden litmus-paper, 
indicating that they are acid bodies, Such resins combine with alkalies 
to form soaps, differing but little from ordinary soaps. Common 
rosin, fur example, contains sylvic acid, which erystallises in prisms ; 
pimaric acid, which is obscurely crystalline ; and pinic acid, which is 
amorphous. These acids, as well as many other solid and liquid bodies 
existing in or obtained from resins, will be found described somewhat 
more in detail under TURPENTINE. 

Many of the resins are used in medicine’; several have considerable 
commercial value, being used for the preparation of varnishes by 
dissolving in turpentine, wood naphtha, or spirit of wine. 

The more im t resins are treated of in this division of the 


.Eyouisu Crcitopapt1a under their respective names, or in the NaTurAL 


History Drviston either individually or under the name of the plant 
from which they are obtained. d 

Gum-resins, as the name implies, are mixtures of Gum and resin. 

For Icicane, and resin offfcica, see TURPENTINE. 

The resins of commerce are in some cases natural exudations, while 
others are obtained from vegetable compounds by the action of alcohol. 
They are for the most part brittle, tasteless or insipid, and fusible at a 
moderate heat ; they seldom have any smell; they generally burn with 
a strong yellow flame, emitting a large quantity of smoke. 

The ordinary resin of the shops is colophony, obtained as a residue 
after the distillation of oil or spirit of turpentine from common tur- 
pentine. The black resin is the cooled brittle mass in the state in 
which it leaves the still; whereas the yellow resin is the black modified 
by the action of water. Resin-oil is made in London, Liverpool, Bristol, 
Hull, and Glasgow, as an ingredient in lubricating grease for railway 
axles and for the bearings of heavy machinery. It is also used in 
France as an ingredient in printers’ ink, thereby giving the unpleasant 
odour which is often observable in newly-printed French newspapers. 
Most of the common resin comes from North America, to the extent of 
20,000 tons or more annually. esin-gas is largely made in America ; 
but in England it does not successfully compete with coal-gas. The 
chief uses of the various resins in England are for varnish, lacquer, 
sealing-wax, and dyeing, 

RESISTANCE is a power by which motion, or a tendency to 
motion, in any body is impeded or prevented. When a weight or 
pressure acts upon a beam or bar in any direction, the tenacity by 
which the particles of such material oppose that action constitutes a 
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resistance of one kind, [Marenrars, Sraexorn or.) Again, when a 
is made to move on another, the inequalities of the surfaces of 
ereate a resistance of a ge ye oa [Faretroy.] - 

body moves in a fluid, the inertia of the fluid particles displaced by it 

produces a third kind of resistance. 

This last branch of the subject of resistances has already beon in 
part considered under Hrproprnamics. In that article there is given 
a for the measure of the resistance vga Shes 

surface which is either jcular or i to 
the er with a few results of experi- 
bodies of various forms 


by gravity and resisted by a fluid, are given in the article Proszc- 
TiLes, Takony oF ; and, for the pressure against a cannon-ball moving 
in air, see the article Guyxery, 

In investigating the resistances of fluids es moving in 
them, it is customary in elemen' writings, for the sake of simpli- 
city, to consider the particles of fluid as unconnected with each other 
by contact or by any law of attraction, so that, when struck, their re- 
actions may be considered as taking sets <p wyze: Aindbsget or od 
ing surface of the moving body, Brest the position of this 
surface with respect to the direction of the body's motion, and after 
the impact their action is su to cease. Such are called discon- 
tinuous fluids, and in these the motion produced in the particles by 
the collision is the measure of the resistance. Newton shows 
(‘ Principia, lib. ii., prop. 35) what would be the resistance experienced 
by a cy! moving in the direction of its axis in a discontinuous 
fluid; the cylinder and particles uf fluid being elastic, so that the 
latter on being struck are reflected back with a velocity double the 
velocity of the cylinder ; and he explains that, if the particles of fluid 
are not refl , but are moved forward by the cylinder with a 
velocity equal to its own, the resistance is but half fhe former. But 
this h esis is far from conformable to the constitution 
of fluid bodies in nature, the particles of thesé being connected 
by mutual actions, The elastic fluids, as air, at any place in the 
atmosphere are always in a state of compression from the weight of 
the column vertically above that place; and the particles of non- 
elastic fluids, as water, exert in every direction pressures which depend 
upon the distances of the particles below the surfaces of the fluid in 
the vessel, river, or ocean. In passing through a fluid of this kind 
(called a continuous fluid) a body strikes only the fluid particles which 
are nearest to it; these strike those beyond, and so on; and Newton 
proves (lib. ii, prop. 35, schol.) that in this case"the resistance to a 
cylinder is only the last-mentioned resistance, or one-fourth of the 
first. : 


In all these resistances however it is supposed that the particles on 
ing struck are 


in front, is in part or wholly removed. On these accounts it is that 


velocity is great, the water accumulates in front, and flowing off from 
thence obliquely, it carries away some from the sides, and, causing the 
lene protuenerdinasiionct comeasechaee 
general level, it there uces a diminution of pressure, while there is 
an exceas in front on account of the accumulation. 

In order to find the pressure of a fluid against a body which is ter- 
minated in front by a curve ,an € ion must be obtained 
(by means of the equation of the surface) for the area of an elemen- 


grated between the proper limits, the result will express the required 
resistance. 


the motion of a body on an inclined plane 


when resisted by on and the pressure of the atmosphere, the 


is the space described in the time ¢, 9 in the velocity aoquired in the 


same time, and ois the differential expression for accelerative or 
retardative force. If the body were to descend vertically, g, the force 
of gravity (=3217 feet), would slone be the foree producing the 
m : the equation, being integrated, would giye the 


spaces described and the times of deseri 


rey 1 plane if 

But since friction is proportional to the pressure (=g 
plane, and is independent of the velocity, let h be 
cient of tilcticn aa nape ee 

we shall have Ag cos. @ for the ion produced by 
a is the coefficient of the resistance due to the pressure of 
atmosphere; it depends on the form and magnitude of 
body, and not on its weight; and the resistance is supposed 
aber eu to the square of the velocity. Thus the 

mes 


or, since the two first terms of the second member are constant, repre- 
senting them by a, it becomes oa ae Integrating ‘this equa- 
tion by successive approximations, or otherwise, we obtain in terms of 


t the values of % (the velocity) and of 8 (the distance on the plane), 


cientnedl, nepaenbely touen. Hanes. which are due to the resistance of | 
e air. 


resistances to which waggons moving upon railways are are as 
follows :—They are of two classes ; one normal, the other 
peste a ia al orate yi a wh abo yin tie a case 
depending upon the state of the road, action of the wind, &e., or 


i 


variable nature. Of 
causes of resistance, there are three kinds: 1, the friction of the 
eels upo. rails ; 


: 
7 


resistance of the air, su to be in a state of repose, to the advance 
of the train. The level of the surface of the roadway naturally affects 
the numerical calculations of the various conditions thus ; 


the 


expansi 
of that class of engine, that the ro the precise value of the 
resistances to be overcome has of late been i imi 


gy exe ‘ Traité Elémentaire des Chemins de Fer.’ 

‘aking into account, firstly, the case of a waggon movi in plain 
and on a dead level, it is evident @iak the horievettel mosemeenh Sea 
produce a friction of the bearing surface of the axle-boxes upon 
See ao wr be propertionsl to, the Premera 
weight of the carriage, mi of the wheels and axles), and will 
vary with the state of the bearing surfaces, but independentty of aie 

nted 


and the coefficient of friction by 7 (it will, in fact, be the 
i taoothnes, and the nate of 
Xes 


through a distance = 1, the bearings 
surface 27 = 7, 

27k R 
be, for the same distance traversed, fr <. 


The friction of the wheels i the rails is a friction of the kind 

known as a ro! friction, as such it is generally considered 

according to the 

lent of the area of those surfaces, 

r, calling p the weight of the wheels 
or weight will be p+ 

of friction 


coefficient of friction, the expression of this descri 

then become f’(p +p). Strictly speaking, the value of f’ would ; 

on the size of the wheels; but as, practically, the wheels of way 
i may be considered to be a constant 


i are of the same diameter, f’ 
When a bod in a discontin resistance 
a moves in a di inuous fluid in the 

it mecta with is tonal +6 the squissibl Gia veld 

PB the section “ We hotly moved, ering ed of 
‘movement: it is less in proportion to length of that body 

the direction of the movement; and if two surfaces, o 

the other, move in the same direction, the resistance of the covered 

face will be equal to a fraction of the face iately exposed to the 

air; and the smaller the interyal hetween the two faces, the less will 
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be the fraction in question. If, then, Q be called the resistance of the 
air sought, a = the area of the end, v= the velocity of motion, 
«=a co-efficient depending upon the length of the train, and @=a 
constant co-efficient to represent the resistance caused by the intervals, 


- the resistance of the air will be represented by the formula— 


Q=Ceav, 
Tt thence follows that the sum of the calculable resistances to be 
overcome when a train moves in a straight line, on a level road, may 
be represented (calling the resistance T) by the formula, 


t=fre +f (P+p)+0eav. 


When the train moves upon an incline forming with the horizon an 
angle a, the gravity of the train is decomposed into two portions, one 
of which is perpendicular to the plane of the rails, and the other acts 
in a direction parallel to that plane, and tends to draw the train down- 
wards ; so that in pulling a train up an incline, the locomotive must 
exercise a er, not only able to overcome the friction, but also to 
overcome this effort of gravity in the direction parallel to the surface 
of the incline. Seg fiero ne Se tee ein ol rahe EE 
sin a; the pressure of the bearings e boxes upon the axles is 
equal to P cos a; and the of the wheels normally to the rails 
is equal to (p +p) cos a. force, then, which the locomotive must 
upon a waggon in order to allow the latter to retain the 
it had at any particular moment, under the conditions 
must be ‘ 


if 


FP cos a= + f'(r +p) cos a+@eav? +(P +p) sina. 


As the inclines upon railways are generally such that we may consider 
cos a=1, and that sin a=tga, we may consider that the force exer- 


_ cised may, practically, be represented by the formula, 


fri=s'(e +p) + Oeav?+ (P+p)tga.’ 


The resistances a waggon encounters on a curve are of a complicated 
and in a railway waggon they become more than usually so, 

from the fact that the wheels are fixed on the axles. Calling a the 
half width of the way, and p the mean radius of the curve, if the centre 
of the waggon travel over a space = 1, the interior wheels will travel 


?=4 and the exterior wheels 2*; go that the slip of each of them will 
Pe p 


; 


ad Now the wheels exercise a pressure = P +p, and if we repre- 
sent the co-efficient of friction by 7”, the expression of the resistance 
created by the fixity of the wheels will become 7” (e+) = for every 


unity of distance. But there is another resistance developed on a 
curve from the two axles of a carriage being fixed to its frame; for 
whilat the centre of the carriage traverses a circle described by the 
radius 0 (the mean radius of the curve), the respective points of con- 
tact of the axles describe a circumference around the centre c of the 


rectangle formed by the points of contact of the wheels and of the 


Tails. The radius corresponding to these points of contact is Ga = 
(pe vabteerdimed paerwsegel gia darapada 
half distance of the two points of contact of the wheels on the same 
axle. The slip of the w! , Whilst the waggon makes a revolution 
round 0, becomes then f” (rp + p)2e/a?+ 0. In the same space of 
time, the distance traversed by the waggon = 2p; so that the resist- 


ance caused by the wheels fixed on their axles, and by the 
parallelism of those axles themselves, is represented by the formula, 


Ie Jere Ve+R 
f"(e4p) a ap ey) VE 


There is a third force developed during the curvilinear movement of 
a waggon arising from the pressure of the rims of the wheels upon the 
P+p Vv 

onter mil, whose expression is —* *—; in which g represents the 
accelerating force of gravity, which is fn our letitude =32} feet. This 


2 
pressure gives rise to a friction, f" ——? — in which f” represents 


ion exercised by the surface of the rim in its motion 
eee ae eee the rails, and the resistance thus developed by 
the due to the centrifugal force, for every unity of the advance 


P+p V2 /2Rh+ 2 
of the waggon, is f” "> — “SRA +" in which rn = the radius 


free py OP 5 po Me Me vo 


; % 
Ray dltieh which the locomotive must exieeieetnindie to retain 

the velocity it previously had, must, during the unity of the distance 
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traversed, be equal to the sum of the resistances above stated; and it 
is therefore represented by the formula 


fre 
Pp 


rafey +S (+p) + bear? s (e+ p)tgatf” (@+2) 


+f P+p = V2RA + 1? 
g Pp R . 

In Perdonnet’s ‘ Traité Elémentaire; in Wood’s ‘ Treatise on Rail- 
ways,’ in the second edition of M. de Pambour’s ‘ Traité des Machines 
Locomotives,’ &c., the various experiments by which the values of the 
various co-efficients in the above formule “have been ascertained, are 
discussed at length. It may stiffice here to say that generally speaking 
the values assigned by Coulomb to the co-efficients f, 7”, are considered 
still to apply. though they are evidently in excess of the actual values 
as they have been indicated by experiments on railway trains; for Mr. 
Wood found that the total resistance of waggons of the old model 
travelling, at small velocities, upon a level straight line, was 0:00475 
(e+p),and De Pambour found it to be only 00026 (p+p). Messrs. 
Gouin and Lechatellier found, by direct experiment with Morin’s 
dynamometre, that the resistance from this cause was, at speeds vary- 
ing between 15 to 25 miles per hour, equal to 0°003 to 6°0045 (Pp +p) ; 
at speeds between 25 and 38 miles, it was =0°0045 to 0:0085 (P+p); 
and for speeds between 50 and 60 miles, it was = 0°012 to 0°015 (Pp + p) 
On the average it may be taken that these resistances amount to 
0004 (Pp +p). 

De Pambour gives the value of 6=0'004823, and that of e=1'17 
for a cubical body, =1:07 for a train of five carriages, =1°05 for a 
train of fifteen carriages, and =1°04 for a train of twenty-five carriages ; 
but the learned author seems to consider the truest value of ¢ to be 
=1:13. It is generally considered that the value of f’”=0'16; the 
value of f’” has not been ascertained by direct experiment, but it is 
known to be considerably greater than jf”. ; 

The practical conclusions drawn from the examination of these for- 
mul are: 1, The resistance is diminished by diminishing the diameter 
of the axles, and increasing that of the wheels. 2. It is desirable to 
diminish the weight of the carriages as far as may be consistent with 
safety. 3. The resistance in traversing a curve is increased in propor- 
tion as the radius is decreased. 4. The useful effect of locomotives is 
materially affected by their rate of motion, and economically there are 
serious cbjebthons to high rates of speed. 

The experiments of Messrs. Gouin and Chatellier show also that a 
great portion of the resistance of a train arises from the frictions pro- 
on by the frame of the engine, and the frictions of its machinery. 

ey found that, in fact, when the resistance of the whole train was 
equal to 0°0105 per ton, that of the carriages alone was 0:00625 ; that 
created by the frictions of the machinery alone, without reference to 
the load, was 0°0025; and the resistance created in the machinery by 
the pressure of the steam, was 0:00175. The'speed in this case was 
about 28 miles per hour, and the experiments were tried on an incline 
of 1 in 125; the weight of the train was 60 tons, and the weather quite 
calm. Finally, it may be stated that it is usually considered that 
taking into account both the variable and the constant resistances to 
be encountered on railways the force required to ensure the traction at 
speeds of 20 miles an hour is equal to x}, th of the load; and that if the 
speed should exceed 30 miles an hour it becomes ;4,th of the quantity. 

The method of finding the resistance which an engine opposes to 
the effort made by the steam to put it in motion, is as follows :— 
Multiply the area of one of the two equal pistons in square inches by 
the pressure of the steam on a square inch of the piston in each 
cylinder, when that pressure is just sufficient to cause the engine to 
move; the product is the pressure on each piston, Then, since the 
piston makes two strokes while the wheel -of the engine turns once 
round, the velocity of the piston is to that of the engine as twice the 
length of the stroke is to the circumference of the wheel; and, the 
resistauces being inversely proportional to the velocities, we have— 

circumf. of wheel : twice the length of the stroke : : pressure on 

both pistons : the resistance, or inertia, of the engine. 

But the resistance increases with the load which the engine has to draw; 
and, in order to determine it when attached to a train, the above pro- 
— may be used; but the pressure on the pistons, instead of being 
‘ound as before, must be taken when the engine and train are observed 
to have a uniform motion. Then the fourth term of the proportion 
being diminished by the known resistance of the train, will give the 
resistance of the engine alone. 

From the experiments of Mr. Telford, the following values of the 
resistances experienced by loaded carriages on level roads have been 
determined. Ona good pavement the resistance is A, of the weight of 
the carriage and load ; on a broken surface of old flint, 4; on gravel, 7: ; 
and on a well-constructed railway, from 1, to 

By experiments made on the force (of traction) required to give 
motion to vessels on canals, itis found that the resistance varies nearly 
as the cube of the velocity; and this great deviation from the general 
law of resistances is probably caused by the reaction of the sides of the 
canal against the water displaced by the vessel. It deserves, however, 
to be mentioned, that when the velocity of the vessel is considerable, 
the resistance has been found to experience some diminution, perhaps 
on account of the water momentarily displaced, from its inability to 
escape laterally, becoming condensed, and thus giving superior buoyancy 
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to the vessel, the immersed part being leas, the pressure of the wate 


against the front will also be loss, 

Mr. Barlow observes that, with small velocities, the force of traction 
on canals is less than on railways; and when the velocity is equal to 
four miles per hour, the forees are equal, Beyond this velocity the 
advantage is in favour of the on 

RESISTANCE OF MATERIALS, When solid bodies are exposed 
to the action of external forces, they are capable of resisting those 
forces by reason of the cohesion or of the elasticity they may possess, 
until their own powers are exceeded, when the particles of which the 
solid body in question is composed begin firstly to change their 


respective itiona, and finally separate from one another. Within 
certain limits, the solid bodies in question are susceptible of resuming 
their inal form after their particles have begun thus to change 
their positions (under conditions depending upon the nature of the 


external force) when the force is withdrawn ; and it is according to the 

and the mode of exhibition of this power that bodies are ranged 
in classes of elastic or non-elastic ies, of highly elastic or 
perfectly elastic bodies. When the force is exercised in a direction 
parallel to the longitudinal axis of the body in a manner to pull or to 
extend it, the force is said to be one of traction, or extension ; when it 
acts in the direction able to bind the particles of the body into closer 
contact, it is said to be an effort of co ion ; when it acts ina 
direction able to cause one part of the body to slide over the other,— 
or, in other words, to split it,—the force is said to produce an effort of 
detrusion ; and when it acts so as to twist the particles or fibres of the 
material one over the other, the effort is said to be one of torsion. 
The terms clastic, highly elastic, and non-elastic bodies sufficiently 

themselves; but it may be desirable to add that bodies are 
said to be perfectly clastic when they resist, with equal energy, efforts 
of compression and of extension, The best wrought iron is an illus- 
tration of this property; but in the case of good cast iron, the resist- 
ance to compression is equal to nearly 64 times the resistance to 
extension ; the former is nearly a perfectly elastic body, the latter is 
only imperfectly such. It was formerly considered that the com- 
pression of solid bodies took place equally, or, in the words of Hooke, 
that ut tensio, sic vis ; but more recent experiments have shown that, 
beyond certain limits, the compression and extension take place with 
a greater degree of rapidity than would be proportional to the increase 
of the effort. The limits of equable resistance thus alluded to corre- 
spond with the range of the unimpaired elastic powers of the body ; 
for if the effort should be such as to cause the body to compress or to 


extend with an accelerated velocity, the original dimensions and form , 


will not be reassumed when the effort is withdrawn. es 80 
affected are said to have had their permanent elasticity interfered 
with ; or their elasticity has been changed, so as to uce either a 
permanent elongation, contraction, or flexure, as the case may be. 

There is a very important consideration which must always be borne 
in mind in determining the effort to be applied to any body, namely, 
that the length of time during which it is so applied has a material 
influence upon the resistance; or, in other words, bodies will resist 
instantaneous efforts of far greater value than they can resist perma- 
nently, without alteration in their elasticity. It therefore becomes a 
matter of necessary precaution (in all building or mechanical operations), 
to keep the forces to which the various materials are consider- 
ably within the limits of what would be able to produce instantaneous 
changes of their natural elastic states ; and this is the more necessary 
because the materials alluded to are, in practice, subject to shocks, 
jars, or accidental efforts, which may be of a serious nature. 

Modulus of Elasticity—It a prismatic, or cylindrical body of a 
given length, , and an area A, be exposed to an effort of longitudinal 
traction in the direction of its axis P, it would extend under this 
action by a quantity we may call 7; and if this quantity = 


be proportional to the total length, in such a manner as that > 

should be a constant quantity, it may be represented by i, and will 

ent the elongation for — unit of le - Now, so long as 

quantity does not exceed the limits of 5 oper 9 elasticity of 

the material, i increases proportionally to the 1 and the area, or 
P P 

to the ratio 7; so that in fact = is a constant quantity, which 


is called the co-eficient, or modulua of elasticity, and is usually expressed 
by ®. If then, the transverse section were equal to the unity of 
surface, and the elongation i, for every unit of were equal to 


that unit of length, ai = 1, and rp = p would be the effort supported 
by the unity of surface, and able to produce for the unity of length an 

elongation equal to that unity. The same remarks will apply 
to efforts of compression, and it is generally admitted that the co- 
efficient of elasticity has the same value in the two cases, although in 
certain granular bodies this law does not appear always to hold. As 


the relation r = axi becomes P = ni and from thence x = +, when 


the load p is supported by every unity of the section a, it is to 

Demet Med itins of 2 bec anny onc uni oh sections aul anton 

ee emt te load able to produce a given tion of 
body presenting section, or to calculate el 

duced by a given load, : tas 
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Extengion and com —A great number of observations ; 
have been made for the purpose Peg Berane experimentally, the = 
laws which regulate the extension of solid bodies, the results of which " 
may be briefly stated as follows. The load which is capable of producing 
rupture by extension, is directly proportional to the transverse section 
of the body considered; and the load has no reference to the length, 
previed the material be homogeneous, and the weight of the body 
taken into account. The substances which have the c0- 
efficient of elasticity, are those which resist rupture by extension in the 
most energetic manner; that is to say, they are the most tenacious. 
The temperature of the bodies considered must be taken into con- 
sideration ; for the expansion produced by an increase of temperature 
in many substances acts in such a manner as to produce a longitudinal 
extension, whereas in others it produces a change in volume; and this 
remark may be extended also to the c which follow upon any — 5 


alteration in the molecular structure of a ; because, in the first 

place, ev: new crystalline arrangement is liable to uce some 

change in the volume of the substance, and in the second, the relative ~~ 
positions of the axes of the crystals may, and often do, affect 7 


the powers of resistance to extension. In a great number of the } 
materials used ~ the Fh Rangers iy vay and to com- 
pression are nearly ; but there are cases (as for instance, building 
tones and cest inom) fafiwhich there. ato marked difierencsa ix -<amnana 
respective powers, 3 
As a general rule, it is more important in the arts to know the 
limits of the resistance of the substances employed to efforts of com- -— 
pression, and it thus happens that the majority of the experiments, 
mide upon the physical properties of those ies, have been made 


with a view to the solution of that class of investi The law — 
before stated, as applying to the resistance to on, sensibly holds ioe 
with respect to-compression, and it is by the formulaN=AR, 


in which n = the total effort exercised normally to the direction of the — 
base, 4 = the sectional area of the prism, and rR = the resistance for : 
every unity of the section. When, however, the bodies pass certain 

lengths, compared with the dimensions of their sides, the 
to com ion cease to follow the ordinary law, 


ee 
of the tables of resistance, by a co-efficient ing with the r ; 
tionate length of the prism to the diameter of pia x 
scribed upon its base. Thus, when the diameter of the po! isina | 
lesser ration than 1 to the following tabular numbers, iting the 
height, the co-efficient becomes, in each case, as under : i 


Ratiol, «| 10. 15 | 20) 25 | 30/95) 42 | 46 | 50 
Co-efficient . | 1 | 1:2|1°6| 2 | a9 aie 


Again, the form of the body experimented upon, and the relative 
positions of its molecules, have an im t influence on its 
resistance, for Vicat has shown (‘Annales des Ponts et Chaussées,’ 
1833) that the resistance of a cylinder of stone to compression, in a 
direction at right angles to its bedding, is rather greater in” L 
than that of the circumscribed square; a cylinder laid flat crushes 
under a weight which does not exceed } of the one required to crush 
it when loaded on end ; and the inscribed sphere will crush under 
the load of the cylinder. Compound substances were found to 1 
more readily than homogeneous ones; that is to say, that 4 
of stone built up of several pieces were found to crush more ; 
easily than monoliths did; ‘but the general conditions 
resistance to compression were, after due allowance for this 
cisely analogous to those of solid bodies, In fact, in 
masonry, the resistance to efforts of compression is ted 
resistance of their weakest parts, that is to say, by the resi 
the mortar used; and if it were required to calculate within 
limits the condition of the stability of a lofty pier, it would also be 
necessary to apply the co-efficient for the relative heights and bases 
just quoted. Vicat observes that in many cases loads, which for as 
much as 95 days were not able to produce any perceptible effect upon 
the bodies exposed to their compressive action, were able ultimately to 
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may frequently be produced by an effort. of compression, which 
would not be recovered if that effort were withdrawn, even 
the substance had not begun to disintegrate, nor its molecules 
had lost their cohesion. The clays and loams, so ently met 
with in foundation works, are exposed to this peculiar 3 and it 
requires to be taken seriously into account & i operations, 
Water is one of the imperfectly elastic bodies, but it resists compres- 
sion with very great ee of 

Temperature has a decided influence upon the powers of resistance 
of bodies to efforts of compression.. For an increase of temperature, 
beyond the atmospheric average, diminishes in a gradually accelerating 
ratio the solidity of the bodies, whilst a decrease of temperature, 
below the freezing point, by affecting the powers of cohesion (or in 
common phrase by its rendering the bodies more brittle), causes the 
bodies to up more . In materials obtained from stratified 
deposits, such as the laminated building stones, &c., Vicat 
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that the resistance to compression was much greater when the 
renee stated in 6) direction i to the ing, than 

it was applied in a direction to the beds; and in fibrous 
resistance to efforts, either of extension or of compres- 
in the direction of 


i observing the proportions before stated between 
the various conditions peas Nees, ee ae De 
ascertained, theoretical]; experimentally, that w mass of a 

ii pemael te tha La of a liclkrw buiy. the redeteate is neazi 
- (when the thickness of the cylinder is made about 3, of the 
diameter,) it becomes an additional reason for using hollow columns of 
metal to support heavy loads, because, in the first place, the powers of 
resistance to compression are increased, and, in the second, there is 
less danger of flexure, when the diameter of the body is thus made as 


as possible, 
the works of Id, Hodgkinson, Tate, Barlow, Moseley, 
Willis, Whewell, Morin, Navier, Prony, Bresse, Claudel, Bourdais, 
Jamin, &c., the various conditions of the resistance of solid 


and of the forms of greatest resistance, are discussed in great 
detail; and the reader is referred to them, should he require to 
heer nee, i problem of this description. It may suffice 
here to say condition most commonly occurring in practice is, 
when a beam is exposed to a load acting ither longitudinally, 
or , to its axis. In the former case the whole action is 
ea wint hes bon necessary 
to wi before stated, it is onl to observe 
that the action should be uniform, that the 
be brought to bear evenly over the whole area. When 
er, exposed to efforts acting transversally to their axes, 
resistance become more complicated, for the deflections 
some of the fibres to pass into a state of tension, whilst 
pressed, and some of them remain in a 
as the: limits of elasticity of the extended or 
are not exceeded. The modes of loading solid 
considered to be classed under the following heads, 
for calculating their resistances have been deduced 
known laws of 1, When one extremity of the 
embedded in masonry at one end and acted upon by a 
other; then, calling the lever of the beam 1; 
pression and extension, r; the moment of inertia 


ryerey 
fF 


eretae 
ti 


the beam at the point of its bedding, 1; and the distance of the 
line of the neutral fibres from the most distant point of the section of 
the part fixed, n ; 

ria"; 


As in» regular prism of a rectangular section » = 2 and the 


moment of inertia ix 1 ~ 9%; this formula becomes rt, = SEP) in 
_ which b= the transverse section of the prism to the 


direction of the force Pp, and A = the section paralle to that direction, 
The deflection f would be represented by f = 4°™; ; 


saa? 2 Which the new 
term £ the modulus of elasticity. 
2. If the solid be of the form shown, then calling J’ the 
internal dimension in the same direction as 4; ki the 
internal dimension in the same direction as h; then, 
= R (DIF — VU) 
tema * a 
4pu? A 
f= E(B —UK) retaining the preceding notation. 


3. In a beam of the section in the margin, calling U the 

eae, cetera en en eectian, ane Ss 
PL 

=F 0h hs 

4. The section being circular, and the radius=r; then the formule 

“+ become #1 = SE, and f= 42H ; when the section is circular and 

hollow, calling ¢ tha eaternal, and »'the internal radius, the formule 
a eee = fale 

eet = Ty eee Seay 

5. If now the beam under consideration be carried at a point in 

its length, and be acted at its extremities by two forces which 

balance one another upon point of support, the formula for a pris- 
of a section becomes,—(calling m the leverage 

the force acting at one end, and » the leverage of the force acting 

the other; so that m+n= the total length of the prism, and p+ 


2 
P the total load;) PEL = 2 and it m=m-%, or if the point 


ad - bie 
~ of support be in the middle of the length, then " = * 


6. If the load applied to a prism, fixed at one of its extremities, 
instead of being applied at the other extremity, be evenly distributed 
over its length, then the load per unity of length being called p, the 


total load becomes ph; and Fa the leverage of the total load pu; the 


'Y | formulx expressing the fundamental conditions of resistance become 


4 
mee; and peantf, retaining the preceding notation for the old 
terms. From these formule, it appears that a_ beam loaded uniformly 
over its whole length, can resist an effort which would be double the 


| one required to break it if applied only at the extremity the farthest 


removed from the section of rupture; and in order to produce equal 
deflections at the extremity, the load, distributed evenly over the 
whole length, should bear to the load applied solely at the extremity, 
the proportion of 8 : 3. 

7. In the case of a beam resting upon two points of support at its 
extremities, if we suppose that the weight of the beam itself can be 
neglected, and that the weight, or load, p, be placed on the middle of 
its length ; then as the effect upon the beam would be the same as if 
it had been fixed in the middle, and loaded at each end, by a weight 


= 5 , the first get of formule would apply, excepting that P would be re- 


placed by 5 and i by 53 20 that for a rectangular prism the formule 
become F2—"!; and oe Pi? 
4 7 4nbh' 
supported at the extremities, and loaded in the middle, is able to 
support a load four times as great as a similar ‘beani fixed at one end 
and loaded in the middle; and that the deflection would be sixteen 
times less than in the latter case. If the load, instead of being con- 
centrated in the centre, were evenly distributed over the length, and 
the load per unity of length be called p, the total load would be px, 
2 
and the formule would become 2“ ="!; ana t= Spit 
8 384 Er 

Tt has been proved, both theoretically and practically, that a beam 
fastened at both ends will bear a load applied in the middle of its clear 
span, which would be double the one it would be able to support if it 
merely rested upon two points of support, and that the deflection in 
the former case would be four times less than it would be in the 
latter. As it generally happens that in building operations, beams 
and joists have bearings of only about one foot (which is insufficient 
to constitute an effective fixing of their extremities), it is essential to 
calculate their dimensions on the supposition that they are merely 
beams resting on two points of support. 

Before cl these remarks on compression and extension, it may 
be desirable to add a few practical observations on the resistance of 
materials used in buildings, These are, 1st, that as the form of 
greatest resistance is almost always one in which the mass of the 
elements is concentrated at the top and bottom of a beam, leaving the 
portion about the neutral axis as light as possible, it fellows that with 
plastic materials it is advisable to make the sections of the beam of a 
girder shape, that is to say with top and bottom flanges: the material 
must be distributed in those flanges according to its powers of resist- 
ance to efforts either of compression or of extension. [GirDER.] 2nd, 
It is Longa: Fagg ca that a load acting with a shock, or able to 

uce 8 vibrations, acts in a manner far more injurious than 
if the same load were to act steadily ; and in ice engineers have 
adopted the rule of never exposing a construction to a rolling weight 
greater than 4 of the permanent breaking weight. 3rd, It is usually 
considered that a deflection of ap of the span, is the maximum which 
should be tolerated ; but that safe deflection would only be shy 
of the span. 4th, The resistance of cast iron to compression is, com- 
pared to its resistance to extension, as 64 (nearly) to 1; onthe contrary 
the resistance of wrought iron to compression is, compared to its 
resistance to extension, as 4 to 5. . 

Torsion. — With res to the resistance to torsion it may be 
observed, that in a prismatic body submitted to such an action, the 
relation of the effort to the angle of torsion is constant for the same 
material, so long as the limits of elasticity are not exceeded. Calling 
this relation G; the effort Q; and the angle of torsion 0, for a rod of a 


given unity of length and of section; we haved =«, which may be 
called the co-efficient of torsion. If then, we call v the force tending 
to twist a cylindrical or prismatic solid, in a plane normal to the axis; 
R, the radius of the leverage with which P acts ; ¢, the angle of torsion ; 
L, the length of the solid; and 1, the moment of polarinertia; we have 


the moment of the force v= PR = Str; and from this we derive ¢ = 


- From this it. appears that a beam . 


PRX L 


“Tey: is considered that the value of 1 becomes, - 


my . 
when the section is circular, 1 = zy 


_ oe 
when the section is rectangular, 1= 30 + 18)? 
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calling r the radius of the solid cylinder; } and A the sides of the 
rectangle, and q the side of the square; when the section is annular, 
calling the external and internal radii respectively r and r’, the value 


(rt —r') : 
becomes I = >. In practice, the angle of torsion is usually 


made, ¢ = 000054, in which n = the distance from the axis to the 


n 

most distant, fibre from itself. Mr. Bevan (‘ Philos. Trans.,’ 1829) has 
given a table of the modulus of torsion for the different kinds of wood, 
which is ; and he also states that for metals the modulus of 
torsion is equal to ¥, of the modulus of elasticity. 

Detrusion.—-The resistance to detrusion is at times called into 
action, in timber or iron construction; and therefore requires to be 
noticed. It has not been made the subject of any direct experiments, 
but it is su in fir timber to be equal to 592 Ibs, per square inch 
in the di of the force; in cast iron, 73,000 Ibs, ; and in wrought 
iron, from 45,000 to 53,000 lbs. 

In Warr’s ‘Construction of Machinery; a very useful comparative 
table of the various kinds of resistances of the principal of 
materials used in the arts is giten as follows :— 


Material. Compression, Tension, Transverse, 
Timber . . 1000 1900 85°1 
Cast iron . . - « 1000 158 19°38 
Stone . . . . - 1000 100 10°0 
Glass. : . « « 1000 123 10-0 
Tante or vaniovs Prorerrizs or MATERIALS, 
Weight | — 
Material. Specific | per cubic | Tenacity arn i Modulus of 
gravity. | foot | in Ibs. + Per | Elasticity. 
in lbs, punere 
inch. 
Alder . . ° 0°800 50°00 14,186 6,895 
Antimony, cast 4°500 | 281-25 1,066 
Ash, densest ° «| 0°845 53°81 17,207 9,363 | 1,664,800 
°822 53°37 
Wee eet s 456k" to | to 17,850} 9,363 | 1,353,600 
“690 | 43°12 
Birch . . 0-792 49°50 15,000 6,402 | 1,562,400 
Bismuth, cast. + +} 9°810 | 613°87 3,250 
Box, dry . 0°960 | 60°00 | 19,891 | 10,299 
Brass, cast. .| $399 | 525°00 | 17,968] 10,304) 8,930,000 
» Wire drawn 8-544 | 534-00 
Brick,red  . 2168 | 135°50 280 807 
o pale. 2-085 | 130°31 300 562 
Brickwork . 1/800 | 112°50 270 
Cedar, seasoned . -| 0753 47-06 4,912 | 
Chalk . ° 2-784 | 174°00 334 
Maries ae 4 1-919 | 119°93 
Copper, cast . » «| 8607 "| 537-93 19,072 | 117,088 
»  Wiredrawn . 8878 | 560°00 61,228 | 103,040 
Deal, Christiania -| 0°698 43°62 12,400 1,672,000 
» Memel . 0590 26°87 1,535,200 
Elm, seasoned . 0°588 36°37 13,489 | 10,331 699,840 
Fir, Riga . 0°753 47°06 12,857 6,586 869,600 
Glass, plate 2-453 | 153°31 9,420 
Granite, Cornish 2-662 | 166°30 14,302 
Hawthorn . . -| 0-920 58°12 10,500 
Hornbeam -| 0760 53°75 20,240 7,289 
Iron, bar . 7°700 | 481°20 57,120 | 56,000 
wie ko 89,000 
» Sheets wh tek $1,360 
» cast, cold blast .| 7°066 | 441°62 16,683 | 106,375 (17,270,500 
yy hot blast » «| 7046 | 440°37 13,503 | 108,540 16,085,000 
Larch . . 0°522 32°62 10,220 8,201 897,600 
Lead, cast . 11-446 | 717°45 1,824 7,728 720,000. 
sy sheet . 11°407 | 712-93 3,328 
Limestone, box - «| 19693 | 114°93 
so «| 2145 | 134-06 10,284 
Lime tree . e -| 0760 47°50 23,500 
Marble, white . 2°638 | 164°87 13,620 | 2,520,000 
o» Dlack =. 2695 | 18°25 20,742 
Mortar.  . «| 1751 | 107718 50 
Oak, English . «| 0-934 | 58°37 | 17,800| 9,509 | 1,451,200 
” Dantzic . * 0'756 47-24 12,780 
» — African 0972 | 60°75 ; 
pine ye 0-660 41°25 7,818 5,445 | 1,225,600 
. . ‘ 2888 | 180°50 12,800 1,580,000 
Sandstone, Craigleith 2266 | 141°62 5,800 
” Yorkshire 2°320 | 145°00 
+ « «| 79780 | 486-25 | 120,000 
»» razor-tempered .| 7°840 | 490°00 | 150,000 2,900,000 
Teak, dry « . »| 0°657 41°06 | 15,000) 12,101 | 2,414,400 
Tin, cast . + «| 7291 | 455°68 5,322 | 15,456 | 4,608,000 
Tile, common . 1°815 | 113°43 
Willow, dry . 0-390 | 24°37 | 14,000 
Zine . ; . «| 7028 | 439°25 | 13,680,000 


for the application of the formula usually employed to’ calculate the 


breaking weight of beams, rreedth x dept “== = breaking weight 


in Ibs.; both the breadth and depth being in inches, 
Material. Specific gravity. Value of 8. 
Ash . . . . 0760 506 
Beech . . . . 0°690 390 
Birch . . . . O711 482 
Elim . . . . . 0°579 200 
English oak . . . 0-829 424 
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Pitch pine . + . . 0740 432 
Dantzie fir . . . 0°649 356 
Deal, Christiania. * 0-689 308 
Mahogany . . . 0°688 430 
Teak . . . . > « 0729 527 
Cast iron . 5 : ) + 7066 1980 
Hard limestone, about . » « 1800 738 
Soft ditto ve «| « 2200 69 
Brick, common, + - « 2°090 64 


Tantx, uy Mn, Bevay, or Mopura or Torsion ov Woops, 


_ 
Specific | Modulus < ‘¢ 
| Kind of Wood. gravity.| in Ibs, Remarks. 
Acacia . . . ° "795 28,293 Not quite dry. 
Alder : . ne "55 16,221 Cross grained, 
Apple . 726 20,397 | . 
ASS +, the tee pats 20,300 | Of my own planting. 
s» Mountain . | 449 13,933 
Ee Rea | 21,943 
Birch . ; | 17,250 4 
| Box. . . “99 30,000 Old and very dry. 
| Brazil wood ‘ » 105 37,800 Old and yery dry. * : 
Cane " ° os 21,500 | Influenced by the hard | — 
Cedar, scented. 12,500 (surfaces, | 
Cherry . . wis ‘te 71 22,800 : 
Chestnut, sweet. 4 18,360 
+ horse . 2 | 61s 22,205 
rah’ t.e tte | "763 22,738 de 
Damson . . 23,500 
Deal, Christiania . "38 11,220 
Elder . e . "755 22,285 
Elm aes Ce 13,500 
Fir, Seotch . . . 13,700 ; 
Dn ae rem bros TS 26,325 | Not quite dry. © 
Holy 6 20,543 . 
Hornbean . . Bo ig 86 26,411 Not quite dry. 
Laburnum . ° é 18,000 Green, or fresh cut. 
Lancewood . 101 25,245 
Iarch .. . | “58 18,967 
Lime, or Linden AUS 675 18,309 he 
Mala ter. he HY oT eS 23,947 | Partly cross-grained, | 
Oak, English .  . .., 20,000 ‘, 
» Hamburg . *693 12,000 J 
Dantzic . . .| 586 16,500 a 
+» (from bog) 67 14,500 
Ozier . . . 18,700 
Hear 0k 2 ory ao Bas 18,115 
Pine, St. Petersburg. 10,500 | Fresh, 
» St. Petersburg . 13,080 | Four or five years old, 
» Memel . s¢ 15,000 
» American « “ 14,750 
Plate = 5" a Se | 17,617 
Ptam)- 2) 4 ay) 2c] oR 23,700 
Popa To di a GN OSES 9,473 
Satinwdod .  . —s | 1°02 30,000 
fallow - ik 9° at) so 18,600 
Sycamore . - « 22,900 
Seek (Fay eee is 16,800 | Old, partially decayed. 
54 MEOW Se us 27,300 
Walnut . . °572 19,784 ' 


RESOLUTION. [Sotvrioy.] The resolution and solution of a 
question are, in common language, the same things, The word is also 
used as 0 to Composition. 

RESOLUTION IN MUSIC. [Discorp; Harmoyy.] 

RESPIRATOR, or breath-warmer, an instrument invented and 
brought into use by Mr. Julius Jeffreys, for giving warmth to the 


air drawn into the lungs in breathing, and thereby invalids 
jury or 


to enjoy the benefits of exercise in the open air without 

© es tisactin peediite of the lower part of the face in 
e common ice of wra) up the. ina 

woollen covering warms the migra 2 through it very imperfectly, 

and in an unwholesome manner, by m with it a of the 

impure air exhaled from the lungs, and ed in its bulky folds. A 


woollen wrapper, being a non-conductor of heat, can act in no other 
way. In the respira : 
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| so near together that the breath passing through them is 
St infinitely divided, its warmth being abstracted by the metal, 
being an excellent conductor of heat, freely imparts it to the 
cold air drawn, or, as it were, filtered through it. The compact- 
the instrument is such that there is no room for the lodgment 

Pa! age from the lungs, and consequent contamina- 

i ; and the condensation of moisture on the wires 
corrects the injurious dryness of the atmosphere in some northerly 
winds. 


The means by which these objects are attained in the respirator 


Lesa deplore aagarade wt no ordinary degree of skill 
inventor considers it necessary that about 
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of the frame, but also with each of the five horizontal 
laid about j,th of an inch apart, and are so 
respirator of power contains 2000 feet of 
into 2,000 pieces, and soldered to the frames at 

than $0,000 distinct points. - 
each other, and kept a short distance apart by 
04 nd ber hegpedhal op suse eget ihomadenlbnns 
inner layer is always , a8 nearly as possible, at the temperature 
Maa ie eecaiiod trees the henge, and excl eocceeive layer Ateeiniches 
in warmth, till the outer one is nearly as cold as the external air. The 
philosophical application of a non-conducting medium 
sereens is esséntial to the perfect action of the 
instrument, as without it the heat would be equally diffused, and no 
part of the metal-work could retain more than half the temperature of 
By this arrangement the air inhaled, finding each layer 
wire warmer than the preceding, is gradually raised, in respirators 
the highest power, to the greatest le temperature. The 
most ne gs respirators have twenty-four layers of wire-work, those 
jurh power sixteen, and the lowest power eight. The whole of 
wire-work is bent into a curved form, and enclosed in a bordering 
leather, which is made to fit closely to the face of the 
prevent the entrance of air otherwise than through 
and to hold the latter in such a position that the lips 
in contact with the wires, An outer covering of silk or 
material is added, having an aperture in which is inserted os 

perforated with minute holes, and to which a 

: a chemical operation, to serve as a screen to the 
wire-work, which it hides without impeding the passage of air as most 
textile fabrics would do, Recently however a very fine and open 
woollen fabric has been made use of in lieu of the perforated plate, to 
_ suit the wishes of some persons to whom the appearance of the instru- 
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_ ment was an objecti The common or oral respi covers the 
mouth ; but a variety called the orinasal r encloses the 
nostrils also. A piece of sponge attached to the lower edge of the 


instrument collects the moisture condensed from the breath, and it, as 
‘ metal-work and leather mounting, may be detached from 


REST, in music, a character denoting silence ; a cessation of sound 


equal in to the note represented by the rest, As there are six 

musical called notes, so there are as many rests, Ex. :— 

_Semibreve = Mini Sem Demisomi- 
Rest. Rest. Rest, oy iat 


The breve rest, to be found in old music, is a short thick bar con- 
necting two lines, Ex. :— . 


i 


In separate vocal and instrumental parts, a character uniting three 
Tines, and indicating a rest four bars in duration, is employed. ke a 
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manner of directing a silence, or rest, of eleven 
odern times or measures ;— 
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RESTITUTION (in Law) of lands. Where a forcible entry or 
deta of lands is on inquiry duly found, or after conviction under 
| indictment for a forcible entry, the court before whom the inquiry 
is made, shall cause restitution of the lands to be made to the party 


The frames or lattices of wire-work | th 


who has been turned out of possession. (Com., ‘ Dig.,’ ‘ Forceable 
Entry,’ D 5, &c.) 

Restitution of goods. By 7 & 8 Geo. IV., c. 29,8. 57 (re-enacting a 
statute of Henry VIIL), if any person guilty of a felony or misdemeanor 
in stealing, converting, or receiving any property, shall be indicted for 
such offence by the owner or his executor, and convicted, the property 
shall be restored, and the court shall have power to award writs of 
restitution for the property, or order it to be restored in a summary 
manner. If it appears, however, that a valuable security has been 
bond fide paid or di by some person liable to pay it, or being a 
negotiable instrument has been bond fide taken or received by transfer 
or delivery by some person for a valuable consideration, without any 
reasonable ground to suspect that it had been stolen, &c., then the 
court shall not order the restitution of such security. 

Restitution also formerly took place where the heir of one attainted 
of treason was relieved from the consequences of the attainder. 
(3 * Inst.’ ‘ Restitution.’) 

RESTORATIONS, in Architecture, a term applied to drawings 
intended to show ancient buildings according to their original design, 
as made out from their existing remains, aided by such descriptions or 
hints as are to be obtained from classic authors, or from the repre- 
sentations of them on coins. The term restoration is, however, now 
more commonly applied to the actual reconstruction of an old building, 
where that reconstruction has for its object to reproduce the leading 
architectural features and ornamental details, so as to resemble as 
nearly as practicable those of the original building. In this sense}of 
e term, a very large proportion of the Gothic churches in this country 
have been restored during the last few years; while many others are 

ing that process. 

RESULTING USES. [Uses.] 

RESULTING TRUSTS. [Trust anp TrustTEE.] 

RESUSCITATION (from resuscito, to arouse, to revive), the re- 
storing to animation of persons apparently dead. Under this term, 
strictly speaking, should be considered the restoration of all cases of 

ed animation, whether arising from disease or as a result of 
asphyxia; yet it is chiefly made use of to designate the recovery of 
persons from this latter condition. The symptoms, physiological con- 
ditions, and causes of asphyxia are fully described under that head ; 
the treatment of it generally, and of its different varieties, was reserved 
for the present article. Although the suspension of all thé vital 
actions of the system which takes place in asphyxia has originated from 
the temporary interruption of a single function, yet the derangement 
which has followed is of so complicated a nature, and extends to so 
great a number of important organs, that the mere re-establishment of 
the function primarily disturbed is not a ap followed by the 
restoration of the rest, and by the removal of all the mischief. The 
mere introduction of fresh air into the lungs cannot at once restore the 
action of the heart, or of the diaphragm, and of the other muscles 
which are concerned in respiration, b these muscles have lost 
either the whole or the greater part of their irritability, in consequence 
of having been supplied with venous instead of arterial blood. While 
the first and principal object is to bring the blood contained in the 
Hmergen! eying under the infl of atmospheric air, attenti 
must at the same time be paid to the state of the circulation, and to 
the restoration of those powers by which that function, as well as 
respiration, is to be carried on. The first of these objects can be 
accomplished by the artificial inflation of the lungs; the second is to 
be rape “aoe Oe: the judicious application of stimulants to various 
parts of the . The details of these processes have been already 
given in the article Drownins. But asphyxia may also occur from 
the ce of foreign bodies in the larynx, which mechanically prevent 
the inflation of the lungs through the natural passage ; in this case the 
operation of tracheotomy must be resorted to, and the pipe of the 
bellows must be introduced into the windpipe through the opening 
thus artificially made. In addition to the employment of artificial 
respiration, and the use of external and internal stimulants, many 
physicians have recommended blood-letting ; but besides the doubtful 
advantage which sometimes may accrue from this practice, it is not 
always possible, and such is jally the case if the asphyxia is of 
long continuance. In general, the effects of blood-letting would be 
injurious, and it is now rarely had recourse to unless there are very 
ine pte indications of great pressure on the brain. Whatever may 
be the means that we employ, they should be persevered in till the 
signs of death areno longer equivocal. Dr. Currie, in his ‘ Observations 
on Apparent Death,’ recommends their being persisted in for at least 
six hours; the French writers mention the commencement of rigidity 
of the limbs as the only criterion of the hopelessness of continuing our 
efforts. The first signs of returning animation are slight convulsive 
twitchings in the muscles of respiration, which give rise to gaspings 
and sighings. By degrees these spontaneous efforts become more 
regular, and natural respiration is restored; and together with it the 
circulation returns. The first return to sensation is usually attended 
with great suffering, and the utmost attention is required to guard 
against the dangerous symptoms which sometimes show themselves at 
this period. 

RETABLE, called most commonly by English architectural writers 
Reredos, the screen of wood or stone placed at the back of and above 
the altar in medimval churches, Retables do not appear to haye oome 
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RETORT. 


em the best sculptural art of the In Ger- 
specially: thes were often of extra t t and costliness, 
sometimes to the chancel roof, oo with a multitude 
In our own country they sometimes extended quite 
The leading events of the lives of the saint to 
dedicated were now often represented, the carved 


th : 
ber of figures in high relief, of about 1500; and one 
the latter part of the 15th century of Flemish work, 
e been brought from the cathedral of St. Bavon, Ghent ; 
same collection is a still more remarkable triptych retable 

(No. 181) of German work, in which the life and 
yg ek are represented by numerous small figures 
ts, which retain m i colour 


itl; 
Er. 
i 


. 
i 
: 
a8 


RAER 
Fees 
Sere 
eer 
t 


coun 


Man 
retain fine exam: oF ablbares\ <sotoblon’, ad yabay diee reredoses, 
as the fixed was here called, may be seen, more or less muti- 
lated, in our own Gothic churches, as at Durbam, Gloucester, and 
Bristol cathedrals, St. Alban’s Abbey Church, Henry VII.’s Chapel, 
Westminster Abbey, St. Saviour’s, Southwark, &. 

RETAINER. [Exxovror ; Sexszant-at-Law.] 

RETAINING WALL is the term used for a wall erected to resist 
the thrust of a mass of earth, or of a volume of water stored ina 
reservoir, In consequence of the variable nature of the materials to be 

pr gc as of the materials ge yg the * anak ume Ji 
composed ractical application of the mechani WS Us 
adopted for laleaieliog the thicknesses of this dasa cE nese So sone 
empirical than is usually the case in the ordinary operations of building. 
The following are, however, some of the generally received principles 
adopted by engineers in the construction of these walls. 

Javier, who has applied the higher analysis to the investigation of 
the laws of the stability of buildings, gives a formula for the thickness 
of retaining walls, a table of the weights of the materials com- 
monly dealt with, The table is as follows, in English weights and 
dimensions :— 

Ibs, 
2352 
2688 
3192 


? 
3 
g 
Fs 


. ° . 3847 
" . ‘ > + 2688 

. . . + 2772 
+ 2352 
- $192 
2940 
3024 
. . + $360 
Ashlar » . ° . « + 4536 
Brick work ” . . . + S024 


The formula for walls with two vertical faces is ; calling 
thickness in yards and decimals, 


8, the that material, if left free, would form with the 
vertical line passing through the foot of the slope; 


then x = 0504 tangent $4 /E 


ive thicknesses considerably less than those 

; for the general rule adopted by engineers 
cas of walls equal, on the average, to 
the height, or 0°33, It must, however, be borne in mind, 
that there is no allowance made in the formula for the numerous 
disturbing causes which are frequently met with, such as the subsi- 
dence of the ground; nor does it take into aceount the cohesion of 
the earth, nor that of the masonry; it is, in fact, only founded upon 
the theoretical conditions of the equilibrium of the materials. It is 
-even desirable in addition to the extra thickness thus 


batter to the external faces equal to 1-24th 
than this would be objectionable, 

ing the falling rain; and it is 
should be formed in such a 
manner as not to hold up any water which might filter through the 


earth against it. In most} cases. also, the resistance of retaining 
walls {» ineressed by the introduction of counterforte; especially when 
the length of the embankment, or earthwork, to be retained is con- 


siderable. 

Retaining walls used in situations where the earth at their backs is 
liable to become saturated with water by tidal action, or by the 
capillary attraction of the earth, must be established on the supposition 
that their ing becomes in fact a semi-fluid, denser than water, and 
which consequently has no angle of repose. Careful observations on the 
state of the walls in the French ports on the Channel, have shown 
that in many cases those walls have yielded when their mean thickness 
has even been as much as 0-41: 1°00; and it therefore one We 
that in such cases it is not safe to keep the ratio of the mean . 
ness below 0°45 or 0°50 to 1°00, In reservoir walls of masonry, the - 
thickness should be made, practically, double that of ordinary earth- 
retaining walls, as indicated by eory; and especial care should 
be taken to ensure the adhesion of the wall to its foundations; for it is 
found that the expression of the resistance of these walls to overthrow 
is 041A, while that of the resistance to longitudinal di ent is 
0°50h. The summit of the retaining wall of a reservoir should be 
made at least equal to 1-3rd or 1-4th of the head of water; and the 
effect of the surcharge of the masonry above the water-line may be 
ee re the statical resistance. ; 

he reader who would desire to study the strict theory of 
question would do well to examine the ‘Mémoires’ by omb, 
Ma and Prony, ‘ Sur la Poussée des Terres ;’ Navier’s ‘ Legons de 
la ique;’ Pasley’s ‘Course of Military Instruction ;’ Moseley’s 
‘ Engineering and itecture ;’ but the most condensed cig eo. 
notice upon the subject is to be found in Carr's invaluable ‘ Synopsis 
of Practical Philosophy,’ under the head ‘Earth.’ The following table 
of the angle f by the natural slope of the materials enumerated 
may be found useful in applying Navier’s formula, previ given, 
when it may be desired to calculate the resistance of a rather 
more closely than it is found necessary to do in practice :— 
1, Fine dry sand forms with the vertical line a slope, 
having an angle of 69°; sometimes the angle is, 
—s = 554, when the sand has been well 


9. Vegetable earth Fl of 

¥ le lo. 

3. Loe le do. of 

4, Ord ey well dried and pulverised forms 
an angle ot eee , 

5. Rubble, small and rough 


6. Do. do,  slightiy moistened do. of 
7. Densest and most compact sand do. of 


From this table it appears that @ usually ranges between 85° and 
70°; for water and for extremely fluid mud @ becomes = 9°. 

RETARDATION. [Accr.eration, 

RETI‘CULUS, or RETICULUM RHOMBOIDA’LE (the rhomboidal 
network formerly used to divide the field of a telescope), a southern 
constellation of Lacaille, situated directly between the great stars of 
Argo and Eridanus, + 


. . . 


do. of 


No. in Catalogue 
No. in Catalogue of British 
Character, of Lacaille, Association, Magnitude, 

B 292 1197 4 

ine 329 1336 3 
RETINAPHTHA. [Turpentine.] 
RETINOLE, [Tvurpentine.] 
RETINYL. PENTINE. ] 
RETIST. E. A name given by Dumas to metanaphthaline, 


RETORT, a chemical vessel in which distillation or decomposition 
is effected by peed 2 moist of heat ; for different purposes retorts are 
ware, and metal. 
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this acid, nitrate of potash is carefully conveyed by the 
of the retort, and then sulphuric acid is added to 
retort funnel d, which prevents any of this acid 
the retort, and being washed down by 

, a8 it condenses and passes into the 
is applied to the retort, nitric acid 
ur from the body of the retort, and are 
neck; but when the product is more difficult of 
the retort is lengthened by placing an 
and the receiver, to both of which it is secured by 
understood that the wider end slips over the aperture 
¢ narrower one is admitted into the mouth of the 


iquid substances to be 


aperture, which is afterwards secu 
having recourse to the retort funnel. F 


ise employed, and 
price, 


Gas Licutino] iron retorts 
the small scale, for obtaining oxygen from the 


engineers a reduit, 
ortification is provided with its 
these, as the redout of the 


rare, and the governor of a fortress is considered as having fulfilled 
his duty if he do not surrender till a breach has been made in the 
rampart of the enceinte; though if the bastion were retrenched, he 
might sustain an assault without any risk of being refused a capitula- 
tion, or of seeing the town given up to be plundered. In the event 
of the assailants gaining the top of the breach, the defendants would 
be able to retreat within the entrenchment, the fire from which might 
then be concentrated upon the enemy while confined within the com- 
paratively narrow space between the faces of the bastion. 

The kind of retrenchment proposed by Cormontaingne for the bastion 
of a fortress is a rampart or parapet extending across the interior of 
the work in a right line, or rather in the form of a tenaille. [x, 
Fortirication.] Its extremities join the faces of the bastion at 20 
or 30 yards in front of the shoulders, by which means the flank is 
left quite free, so that all its artillery can be employed in defence of 
the main ditch, and there is room between the retrenchment and the 
shoulder of the bastion for two guns, by which the interior of the 
ravelin and the ditch of its reduit might be defended, if necessary, even 
after the enemy had made a lodgment in the bastion. 

As the retrenchment in this situation is liable to be enfiladed by a 
battery of the besiegers on the glacis before the collateral bastion, it is 
proposed that another should be formed in rear of the gorge of the 
bastion attacked ; and as in this case there would be sufficient room, 
the retrenchment may be in the form of a front of fortification with a 
revetted scarp and counterscarp. 

The ditch in front of a retrenchment, as at x in ForrtrricaTron, is 
cut quite through the parapet of the bastion, in order to prevent the 
enemy, after the assault at the breach, from passing along the top of 
that perepe’ and to the rear of the retrenchment. i 
ape. of the parapet does not, however, go lower than the level of 

e cordon of the scarp revetment, in order to avoid diminishing the 
height of that scarp, and thus offering a facility to the enemy, should 
he attempt to escalade the work at that place, 

Cormontaingne proposed to retrench small bastions by constructin 
within them cavaliers of the same form as the bastion itself, an 
having a command of 5 or 6 feet above it. The fire from this high 
parapet fue give the work some advantages during the progress of 
the siege ; but from its figure a cavalier appears to be less proper than 
a retrenchment in the form of a tenaille, for the defence of the terre- 
plein at the top of the breach. ; 

It is evident that full bastions like a [FortrrtcaTron] must be more 
convenient for being retrenched than those which are of the kind 
called hollow, as B; since less earth is wanted to raise the retrench- 
ment to the required level, and the scarps are covered by the opposite 
side of the ditch from the view of the enemy at the top of the Fekedti 
The most simple manner of retrenching a hollow bastion would be 
that of retaining the rampart on the interior side, where it is usually 
10 or 12 feet high, by a wall, and cutting a deep ditch at the foot; 
then forming a traverse across the terreplein of the rampart on each 
face (at 20 or 30 from the salient angle of the bastion) with a 
ditch in front. e enemy, in gaining the top of the breach, would 
then find himself arrested by these obstacles, and exposed to the fire of 
the defenders, till ladders and the support of a large body of troops 
could be obtained. The bastions of Ciudad Rodrigo, Badajos, and 
St. Sebastian were retrenched in this manner when those fortresses 
were besieged by the British and their allies during the Peninsular 


war. 
Vauban, baving observed that the ravelin was sometimes abandoned 
the defenders previously to an-expected assault, on account of the 
difficulty of retreating across the main ditch under a fire from batteries 
on the glacis before the bastions, constructed, in the interior of that 
work, another, which might afford the defenders protection till the coming 
night would permit them to retire in safety. This work was at first 

'y a wall, pierced with loop-holes for musketry and covering the 
steps at the gorge; but when Vauban increased the size of the ravelin, 
he made this redout, or retrenchment, to consist of a rampart and 
parapet similar to those of the ravelin itself, as at Neuf Brisac; and 
Cormontaingne subsequently enlarged the work, so as to render it a 
second ravelin, as at y [Fortrrication]. This spacious retrenchment 
contributes much to the prolongation of the defence of the ravelin, 
since it is capable of containing a large body of troops; and each of its 
flanka carry three guns, whose fire might be directed against the 
counter-battery at the salient of the bastion, or might serve for the 
defence of the breach in the face of the latter, should the enemy 
attempt to make an assault before he has obtained possession of the 
réeduit. But to take this last, it would be necessary to breach its faces 
either by artillery or by mining ; and the passage of its ditches would 
be difficult under a close fire from the ramparts near the shoulders of 
the neighbouring bastions. 

In order that the defenders might be able to retain possession of the 
extremities of the ravelin, near the main ditch, after the salient part 
may have been taken, retrenchmenta or coupures, as they are called, 
similar to the traverses, t,t, &c., are recommended to be formed 
across the terreplein of the ravelin, Behind these some of the 
defenders may retire, and keep up a firgfagainst the enemy’s lodgment 
near Z, 

When Vauban had ‘enlarged the re-entering places of arms, 1 
[Bastion ; Fortrrication], he retrenched the interior with stockades, 
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7 aaieetananglle breached 

of the bastions and the tenailles; and their faces are directed 
wo that cannot be enfiladed. The crest of their parapet is about 
than that of the glacis in their front. 
The advanced worksabouta fortress are nena es 
with round towers of masonry, provided upper lower tiers o 
3 ose are called safety redoults ; and in 
Montalembert’s ‘ Fortification Perpendiculaire,” such towers are con- 


For retrenchments in field fortification, see BLocknovsr. 
RETROGRADE, moving backwards, as opposed to Dmecr. In 
astronomy all motion from east to west is retrograde: thus the appa- 
rent motion of the heavens is retrograde, and the earth's diurnal 
motion, which causes it, is direct. \ 
RETURN OF CATTLE, &c.,is a term ied to the restoration of | 
cattle, &c., distrained, to the party by whom were distrained, after 
it has been ascertained that the distress was rightfully taken. The 
restoration of the cattle, &c., distrained to the owner is not called a 
x Wrens poksees lPaedeie] asic ih 
process [Process] issues, the party 
to whom it is directed is commonly required to do a ified act, to 
certify the court in what manner the command has wronk pene 
ence 


theology, a preternatural or extraordi communication made by the 
Deity to men. The evidence of a jon may be considered with 
reference to the y to whom it is first and immediately made; to 


those who have mehepetesne. By it immediately from him ; and to 
those who possess only a account of it, It should seem that 
in the case of vot geben: pag baad ag Bigiew ses) fully satisfactory 
must be something to ones Pe Re sp! op A simp, | 
cohen nd age cee dole yey If it is asked why 

intervention is in behalf of those to whom the revelation is 


f, We mean only that a 
miracle is that one species of proof which cannot be spared. brn | 


agency. 

We have spoken of a miracle as the test of a revelation, without 
attempting a definition, the common notion of it to be 
wafficiently accurate for our purpose. For the distinctive character of 
a miracle, and the possibility of proving it by evidence, the reader may 
consult the article Minactx in this work, and the authors referred to 

the end of it. It is presumed that the of the miraculous 

is evident. A certain person is converted to the belief of certain 
undoubtedly miraculous, in the sky. The 
to him a proof that his conversion is from God. He teaches 
to others the truths which he has been made to believe : and in doing this 
miracles. These are a to them that he is commissioned 

God to teach what he delivers; recorded and duly attested, they 

same to those who have not witnessed them. All the 

in accepting the test, would reason in the same manner, 
namely, that the laws of nature could be only by God, the 
them, or by his permission; and that would not change 

it them to be changed for the purpose of establishing a 


question, “has a revelation been actually made?” the Chris- 
tian believes that Ne ee or 
Scriptares, or the books of the Old and New Testament. An account 
these books and an examination of the evidences of 

Christian revelation form, of course, no part of the subject of this 
article : they are noticed under their respective headi proofs 
which we have insisted on as requisite to eatablish the reality of a 
revelation generally, must, if rightly assigned, be applicable to this 

one. 
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We insisted on the primary evidence of miraculous agency in the 


communication, with corroboration from the matter communicated, the 
miraculous agency to be so exhibited to the witnesses as to be capal | 
of proof from testimony to others, Particular revelations may 
supposed according to the circumstances under which they were 
given, and the nature of their contents, to admit various topics of 
evidence ; almost all of which however will probably be found to | 
resolve themselves into one or other of these two, though all inquirers 
may not in the classification. We should place for instance 

the head of f from preternatural manifostations, the fulfil- | 
ment of phesy fo canta supposed to be beyond the rench of bumen | 
foreknowleige or conjecture; the attested existence of persons ex- | 
hibiting qualities, moral or intellectual, in kind or degree, not exem- 
plified or to be expected in others of the human race; conduct of | 
men, natural under the supposition that they were conscious and had | 
proof of a divine commission, but otherwise unaccountable according ) 
to any known motives of human action. | 

The purpose and value of what may be called the corroborative 
evidence as distinguished from that founded on miraculous 
hardly be overlooked. Between the highest degree of certainty with 
which a fact can be invested by evidence, and the faintest probability, 
there is room for every shade of assurance. 

Now it is notorious both that different minds are differently affected 
by the same evidence, and that some minds seem peculiarly constitu 
by nature to admit the full force of one mode of proof, whilst they 
comparatively insensible to another; so that it might happen 
whilst to one inquirer the testimony which supported the 
miraculous facts seemed so strong as to su le the n 
confirming his belief in the tion by the evidence which 
matter of it might supply, and which he might be little 
to iate, another might rather feel that the miracles were so 
witty bap Bean 2 the satisfaction which he had already 

m the other source, 

The Christian_revelation, which may be considered as forming one 
subject with the Jewish, from the wide field over which it is spread 
and the miscellaneous character of its contents, must necessarily 
supply, in large abundance, matter for examination in the way of 

An enumeration, which however does not pretend even to 
a completeness, of the constituent parts of the body of evidence 
to it, r with the proper mode of using them and 
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of the subject, we would observe, what seems 
sometimes to be overlooked, that an action may itself be a revelation. 
It would not be improper to say that the birth, death, and actions, 
even more than the discourses of Jesus Christ, were a revelation, of 
which the Apostles, who taught what are called the doctrines of Chris- 
tianity jwere only the a, Of these doctrines it is not our 
business to treat, but we select one as the subject of a few obser- 
vations, merely with a view to illustrate the disposition of mind with 
which we must necessarily the pretensions and evidences of a 
professed revelation, according as we or not, a need which 
men have of information on the subject of religion. The 
doctrine we select is that of the immortality of the soul and a future 
state of rewards and punishments, Without assuming the probability 
or improbability of this doctrine, we eee it to be notorious that 
the immortality of the soul, or some kind of continued existence after 
bodily death, with liability to a state of happiness or suffering, has 
been very generally believed, in one shape or other, in all and at 
all periods of the world ; and that this doctrine is delivered 
and prominently set forth in the New Testament. There is as little 
doubt that before the time of Christianity, either the notions com- 7 
monly received of a future state were so irrational, or the belief of 
it so faint and unassured, that for the most it had comparatively 
little effect on the moral feelings and conduct of men; and that on the 
other hand, wherever the Christian revelation has been published, 
this doctrine has not only been firmly received with little variation in 
the meee oF nar eg eg iy it, but has influenced the conduct of 
many, happily or not, in the most important respects, and regulated 
the whole course of their lives. It is plain that those who 
the distinct and authoritative announcement of this doctrine to be 
among the things especially needed by mankind, and those who con- 
sidered it to be either useless or mischievous, would be very differently 
impressed by the general body of evidence in favour of the revelation. 
Among professed revelations which have been the ground of a 
national ion, it may be doubtful whether we should place the 
mythological systems of ancient Greece and Rome, They are indeed 
avowedly founded on traditional accounts of certain ‘transactions 
between gods and men; but from the nature of the transactions, of 
the supernatural beings concerned in them, and the purposes of the 
interference, we may doubt whether the discoveries supposed to be 
made belong to the notion of a revelation according to our i 
of the word, or the usual acceptation of it. The same for the most 
part may be said of the mythology of the Hindus and of the northern 
nations of Europe. But there can be no doubt that the religion of 
Mohammed, as taught in the Korin, professes to be founded ona 
revelation in the strict sense of the word, such as may be subjected 
to the same tests which we have supposed to be applicable to all 
revelations, ; ; 
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assing from the Christian revelation itself to the written record 
of it, a new and important question is opened to us. The revelation 
ay have been made to the persons who profess to have received it ; 
in recording it also, were they preternaturally assisted, or were 
they left to the use of their -natural memories, and the guidance of 
their unassisted judgment? In other words, we are met by a question 
: ing what is called the inspiration ee the be i goa or, 
more ly, of the persons who wrote them. By this word we are 
to oo ai ait not the preternatural infusion of revealed truths into 
the minds of the writers (which however would not be inconsistent 
with the original meaning of the word), but preternatural assistance in 
recording what had been so infused. This distinction should be 
observed. St. Paul, if we believe his own declaration, received immedi- 
from God a message to men. He may be supposed to have 
delivered this message orally or in writing to others from memory ; and 
in that case he would have Peas a deliverer and they receivers, in the 
strictest sense of the words, of a divine revelation; but the message, 
so delivered, would not in theological language have been an inspired 
message, that is, spoken or written under inspiration. It is beside our 
purpose to defend or impugn the doctrine of the inspiration of Scripture 
generally, or, out of the various theories which have been put forth, to 
advocate one in preference to the others. We only wish to do some- 
thing towards clearing away certain fears and difficulties, which seem 
to beset and mislead many in the very outset of the inquiry, and to 
offer a few suggestions as to the principle on which the inquiry 
should be conducted, to those who are not very conversant with the 
subj 
the case of most persons educated in the Christian faith, their 
first introduction to the Bible is accompanied by an assurance that it 
was dictated by God, and is therefore true ; and this is told them at a 
time when its claims, as an authentic hi , independently of its 
inspiration, neither are nor can be explained to them. This early 
impression, perhaps unavoidable, that the Scriptures are to be received 
as true, only because they are the Word of God, is probably retained 
for the most part without question, in spite of its inconsistency with 
the method and object of books which are given, almost as universally 
as the Bible, to all educated persons for the purpose of establishing 
their faith on rational grounds. Hence they are habituated from the 
yery nursery to confound in their minds two questions essentially 
distinct, the divine origin of the Christian religion, and the divine 
origin of the scriptural records of it. All might easily remove this 
confusion by simply.answering the question, what would be the natural 
course of our inquiries, and by what steps should we arrive at con- 
viction of the divine origin of the Christian religion, if the volume of 
the New Testament were for the first time put into our hands for 
examination, at an age when we were capable of making it? It is 
obvious that we should not begin with assuming the inspiration of the 
writers; for that would be assuming the very point in debate, 
assuming that for which we had not as yet a shadow of evidence. But 
neither is it of their inspiration that it would be our first object to 
find evidence ; for such evidence could not at first be obtained. If we 
ever came to the conclusion that they were inspired, it must be because 
either the very supposition of a revelation from God included in it the 
supposition of a revelation on the part of those who communicated it, 
or use all the writers themselves claimed inspiration, or some, 
whose claims we had already allowed, attributed it to the rest. In the 
former case we must first have believed that a revelation was made; in 
other words, that the origin of the religion was divine: in the other, if 
we assent to the claim of inspiration, we must jirst have admitted the 
sanepy 2 the veracity of those who make it; that is, if we believe 
them to be inspired because they say so, we must have had reason for 
believing what they say, on other ground than that of their inspiration. 
Tt seems then that it would be our first object to establish, not the 
inspiration, but the credibility of the sacred writers aj from their 
on. We should proceed from the establishment of their 
credibility, to inquire, in the second place, if they were inspired. The 
result, in short, to-which we have actually come is this: the New 
Testament is put into our hands for examination, and we find that the 
claims of Jesus and his followers to a divine commission rest on the 
miracles which they are said to have performed. Our belief of the 
fact of the miracles depends on the credit we attach to the story of 
the witnesses. If that is substantially true, Jesus came from God. 
With the arguments by which the credibility of the gospel history is 
ed we have here no concern. It is plain that it is not proved by 
the inspiration of the authors. Some confusion seems to have arisen 
from a strange mistake respecting the kind of satisfaction which the 
inspiration of the sacred writers, when established, is capable of 
supplying. It does not confirm their veracity, it only implies their 
ay A It secures us from their mistakes, not from their falsehood. 
Now if it should be argued that without inspiration we can have no 
assurance that they were not mistaken, when they tell us that they 
“saw a man dead on the cross, laid in his grave, and afterwards alive, it 
may be asked, how can they be secured from their liability to mistake, 
when tell us that they are inspired? It is at least as likely that 
be mistaken in the one case as in the other. The = a 
truth is, that if we cannot rely on their veracity when they vouch for 
miracles, we can trust none of their assertions, and admit none of their 
claims ; and if they might be mistaken as to the fact of a miracle, they 
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might be equally mistaken in their claim of inspiration for themselves 
or for others. 

It is hardly necessary to observe that the various methods followed 
by writers on the evidences of the Christian religion are all in con- 
formity with the view that has been taken of this subject. They 
endeavour to show the genuineness and authenticity of the books of 
the New Testament, the fidelity, disinterestedness, and integrity of the 
writers ; to point out their means of information as human historians, 
and to confirm the accuracy of their accounts by comparison with 
other records. The question of inspiration forms no part of their 
inquiry. It is beside their object, which is to prove the divine origin 
of Christianity ; and this is fully proved if their arguments are satis- 


It is not meant, of course, that all who are brought to a conviction 
of the truth of Christianity, arrive at it in the same manner. It is 
sufficient for our argument that it may be reached in the manner we 
have supposed. In short, on whatever support the believer himself 
may eventually feel that his faith habitually reposes, if he should ever 
be impelled by any motive to trace his conviction to a source from 
which it can be shown to others by reasoning that it may legitimately 
flow, he will find that he must rely, in the first instance, on the credi- 
bility of the sacred writers, however established, considered as unin- 
spired historians, With this foundation laid, he may commence an 
inquiry into the proofs of their inspiration; and he may pursue it 
with a full assurance that to whatever result it may lead, the divine 
origin of his religion is already secured; that he has in possession a 
revelation from God, truths divinely communicated to men. We may 
seem to have taken unnec pains to establish a point too plain to 
be disputed. Our justification must be, that it does not seem to have 
been so plain to some even of those who have written on the subject, 
and are occasionally quoted as authorities,and who have been led, 
apparently by the confusion which we deprecate, into unwarrantable 
insinuations of infidelity against those who differ from them in 
opinion. 

If the question should be asked, where, when the divine origin of 
the religion is supposed to be established on the credibility of the 
sacred writers, we should look for proof that the books which are the 
records of it were written under the security of inspiration? the 
natural answer would be that it must be looked for in the books them- 
selves, from the claims, declarations, and intimations of the writers. 
When, for example, one of the evangelists has recorded a distinct 
promise made by their master to his Apostles, of a divine gift for the 
declared purpose of assisting the memory and enlightening the under- 
standing, the inference seems to be unavoidable that those to whom 
the promise was given must have written with more than natural 
advantages. The argument founded on the necessity of inspirgtion to 
render the sacred books effectual for the purpose for which they were 
intended, ought not perhaps to be slighted. We have seen indeed that 
the supposition of the divine origin of the religion does not necessarily 
require the admission of inspiration; yet the peculiar character of the 
contents of the books, together with the service they were destined 
to perform, may raise a presumption in its favour. The direct 
testimony however from the writers themselves must be principally 
regarded. But when commencing the examination, whilst the evidence 
is yet to be found, we must be careful to estimate correctly the degree 
of authority which ought in this stage of the inquiry to be attributed 
to the words of Scripture. They are not yet proved to be the words of 
God. The declarations of the writers must be received and interpreted 
fairly and liberally, as the solemn declarations on a solemn subject, of 
honest and credible writers, ought to be received and interpreted. If 
the evidence which we seek to obtain from them cannot be obtained in 
this manner, it cannot be obtained at all. To search Scripture for 
proofs of its inspiration whilst at the same time we assume it to be 
inspired, is a proceeding so obviously absurd, that if experience did 
not teach us otherwise, any caution against it would seem to be 
unnecessary. But even when this strange error is not committed, 
declarations of the sacred writers, apparently bearing on this subject, 
may be and often are improperly summoned to the cause. When a 
writer professes to have received secret suggestions from the deity, 
that is, to be the subject of inspiration in one sense of the word, he is 
represented as claiming it in the other, as though the privilege of 
receiving communications necessarily implied the privilege of infalli- 
bility in recording them, This confusion has been noticed on another 
occasion. 

That most popular argument for the inspiration of a particular 
book, founded on testimony borne to the purity and integrity of the 
canon of Seripture, may be soon disposed of. When it has been 
proved that a book forms part of what is called the canon, it may 
follow that it forms part of Scripture. This will not carry us far 
when the question to be decided is, what are the claims of Scripture to 
inspiration ? 

here is one mode of proof, besides those already mentioned, which 
ought perhaps to be noticed, as being much in favour with some 
theologians, namely, an appeal to what is called the tradition of the 
church. There are some advocates of inspiration, in the strictest sense 
and most unlimited application of the term, who allow, or rather 
contend, that the pr of it rests mainly, if not entirely, on the 
testimony of tradition, An examination of the value of this testimony 
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pon a : uestion of tradition generally. We 


the importan' 
ell omteat co ves with saying that, in this case at least, wo 


greatly doubt, for many reasons, the sufficiency of the witness, are 
Sr uicded, oxen whoo speaks to the , that its words have 


always been understood, However this may be, it is plain that 
this en ee also su the question of the divine origin of 
the Christian religion to be lent and to have precedence of the 
question of 


We shall close this article with a brief notice of the three most 
theories of inspiration, which are ished from each 

more in respect of the extent to which they attribute inspiration, 

than in respect of any difference in the meaning assigned to the 


That which is called verbal inspiration supposes each word in the 
Bible, a8 we now have it, with due allowance mado for mistakes of 
transcribers, to have been irresistibly dictated by the Spirit of God, 
the writers being only vehicles of words and thoughts not their own, 
This notion of inspiration has undoubtedly still its advocates ; but we 
are not aware that it is at present maintained by any divine of repute, 
According to another theory, somewhat mod the former, the 
writers were allowed to exercise their own judgment in the choice of 
their words; but in the ing of each sentence, from the first verse 
of Genesis down to the last of the Revelations, they have been secured 
by supernatural interference from the Jeast particle of error. This 
theory, which is not without support from well-known theologians, 
represents perhaps more nearly than any other the popular creed. 
Lastly, there are many, and amongst them divines of great eminence 
and reputed rigs ay fang not a few distinguished prelates of the 
English church, who limit the extent of inspiration as commonly 
received, and suppose of Scripture may have been written 
with the liability to error incident to ordinary ries; those for 
instance which are purely historical, and contain no religious truth. 
As to the in which this limitation is to be admitted, and the 
number and of passages to be excepted from the sanction of 

ion, there is of course room for diversity of opinions, which 
affords apparent ground for objection to the theory itself. The 
advocates of the two former theories contend that a latitude for choice 
is allowed which is ble of a us abuse. The truth of the 


interference. A liberty is thus left, which in these cases also may 
to abuse it. Some however 

think that the test of sincerity and right intention, and the means 
of probationary discipline which the allowance of such a measure of 
discretion affords, is apparently in harmony with what we have been 

it of God's moral government of the world. On the other hand it 
iso to the advocates of the more rigid theories, that the faith 
of 
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certain 
theologians are fond, certain distinctions in kind, under the titles of : 


impulsive, suggestive, superintending, and many others. The truth is, 
we think them " be 4 Mid Leg’ iy coe any ie Brkgees 
seem to have jopted by theologians who hold the theo: 
SF eee ate tebe baklan hee nk ee a 
neceasity of supposing a greater quantity or degree of miraculous 
agency than the occasion required, 
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i i ue to the writers, some of whom are 
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REVELS, MASTER OF THE, an officer in noblemen’s and other 

ted pro tempore to manage the Christmas diversions 


fom ‘All malioneve 


and ae epee to the king, which were often, if not always, 


carried with king upon removes and progresses, This officer had 
also the of the dresses and sesikis which Wiinininek to cotee: 
tainments given dt court, and he was to provide such new ones as 
were 

The t office of master of the revels was first instituted in 


(that i, halls or temporary buildings), and pavilions, who again occur 


See the ‘Archwologia,’ vol. xviii, p. 818, &., and ‘The 
Manuscripts,’ edited by A. J. Kempe, ys tte Lond., 1836. No 
mention of this office has been found subsequently to the reign of 


Charles IT. 

NREVERSION, By a reversion, in the widest sense, is meant a right 
of property the enjoyment of which is to commence at some future 
pte a or de beg: ics, and is to continue either 

ever or a term either or Paps on a contingency : 
anything in fact which is to be entered on, or which may be entered 
on, at a future time, is a reversion in books which treat on the 
value of property. The legal sense of the word is more restricted. 

Thus an assurance of 1001, or a contract to pay 100/. at the death 
of a given individual, is 1007. in reversion to the executors of that 
individual, Our object in this article is to treat of this most common 

es of reversio contract, life insurance or assurance. 

The valué of a reversion depends in a very manner upon the 
value of the corresponding annuity; that is, any given sum, say 1001, 
to be received when a given event arrives, depends for its value upon 
that of 100/, a-year to be received till the event arrives. Suppose, for 
example, that m makes five per cent., and that an annuity, say 
upon a life, is fourteen years’ purchase, upon the method of 

culation explained in Annurry. That is, 100/, paid a year hence, 
and again two hence, and so on as long as the life lasts, is now 
worth 1400/. uired the value of 100/. to be paid at the end of the 

ear* in which the life nae ek must apd aac as corp i 
uppose a ann . a-year is to enjoyed by 
case " erg his legatees after him. By h A's por- 
tion is now worth 14001, and (money making 
annuity for ever is worth 20 years’ purchase, or 20002; 
the legatees’ interest is now worth 2000—1400, or 6007. But at the 
end of the year of death the legatee will come into 100/. current 


payment, and a annuity worth 20001; for the re- 
mainder of a annuity is also a perpetual annuity: his 
interest will then worth 21007. Hence we haye ascertained that 


21007. at the end of the year of death is now worth 6002. ; and the 
rule of three then gives the value of any other sum: thus 1001. at the 
end of the year of death is now Pl, or 287. 11s, bid. Hence 
the following easy 

Rotr.—To find the value of a given reversion, subtract the value of 
the same annuity from that of a perpetual annuity, and divide the 
difference by one more than the number of years’ purchase in a per- 
petual annuity: or multiply the excess of the number of years’ 
purchase in a perpetual annuity of 1/. over that in the life annuity by 
the reversionary sum, and divide as before. 

Next, to find what premium should be paid for the reversion. A 
premium differs from an annuity in that a sum is paid down, and also 
at the end of ever} year : consequently it is worth one year’s purchase 
more than an annuity. In the ing question, the annuity was 
worth 14 years’ purchase; consequently the premium now is worth 
15 years’ purchase. But the t value of all the iums is to 
be also the t value of the reversion, or 28. 11s, 5}d., whence 
the premium should be the 15th part of this, or 1/. 18s. 1d. Hence to 
find the premium, divide the present value of the reversion by one 
more than the number of years’ purchase in the life annuity.” But 
when, as most commonly happens, the premium is wanted without the 
present value, the following is an easier 

Rotr.—Divide the reversionary sum separately by one more than 
the number of years’ purchase in the annuity, and one more 
ny the Lavictiad of F ical purchase chy oh annuity ; the 

eq is the um req A us if in the preceding 
example we divide 100E by S041 and by 14+1, or by 21 oa 15, we 
pag 15s. 3d. and 61. 18s. 4d., which differ by 1/. 18s. 1d., the same 
as before, 

The life we have been tacitly considering, when we talked of an 
prac, Ase «| worth 14 years’ purchase at five per cent., is one of 
about 86 years of age. The first impression must be, that the pro- 
poet premium is ridiculously small. Make it up to -2U., and it will 

50 years before the J grwe re reach 1002. Some such considera- 
tion must have moved the law officers of the crown, in 1760, when 
they refused a charter to the Equitable Society, then charging a 
mium of about 4/, at the age of 36, on account of the lowness of thelr 
terms. But it is to be remembered that those who receive the 
—— are to invest them immediately at five per cent., and are to 

vest the interest, thus making compound interest ; persons 86 
live, one with another, about 30 years, which is sufficient mal gh 


premiums, with their interest, to realize 100/, for each person, one” 


with another, 

We now show the manner in which a simple result of calculation 
answers its end. To simplify the case, suppose an office starts with 5642 
individual subscribers, each aged 80 the mortality among them 
being that of the Carlisle Table, ORTALITY.] The in is for a 
temporary assurance, as it is called, of 20 years, and of 1000, : that is 


which gives a trifling advantage to the assured, not worth considering in a yery 


companies usually pay in a few months after proof of death, — 


, the executors of each one!who dies within 20 years are to receive 
the end of the year of death. Money makes three per cent. 
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behalf of 57 contributors deceased duri 
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are left, 5585 in number, now i 
that, these ing immediately invested, the com 


accumulation to 20,6267. This is more 


last year, w! 


, in 
from omitting shillings, a, ix 
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kind must _ 


h is denoted by +. 

lating to an amount which would lead a person 

subject to conclude that the premium must be 
give an accumulation of 91,8092. But 

of affairs begins 


the year, which ~ 
it was at the 
the company 


to change; the contributors haye been 


‘eth year 
this 8/, 
in the calculation, 


arising 
Something of the 


in every office which dies a natural and a 


Lama ing or 
num! 


that, when new business 


ber of contributors all of the same age, 


under similar contracts, both 
are certain tables which are variously named (sometimes 


ages and contracts vary con- 


Barrett, the inventor; sometimes after Mr. Griffith 
; sometimes after p and Ny, letters of reference 


the im 
them), 


t which we call comfnutation tables. They are de- 


e ‘ Treatise on Annuities,’ in the ‘Library of Useful Know- 


copious 


Almanac’ for 1840. The: 


which preceded them ; and we 
namely, that for the Carlisle Table, at 3 per cent., which con- 


materials for judging of the y an insu- 
company in cases involving one life only. to each 
ife are three rows of figures in columns marked p, N, and 
(x) we mean the number in column m opposite to the 
D. N. M. Age, 
10000-00 | 178198°26 4664-129 0 
8214°56 | 164983°70 8169-954 1 
7332-45 | 157651°25 2527-103 2 
6656-74 | 150994°51 2064-957 3 
6217°63 | 144776°88 1819°735 4 
5863'15 | isso1s-73 1648°351 5 
5591-04 | 18332209 1845°0149 6 
5361-53 | 127961°16 1478-3414 7 
5159°58 | 122801°58 14825557 8 
4976°34 117825°24 1399°5998 9 
4806-85 113018°39 13750447 10 
4045°89 10837250 1354-0945 ll 
4488-83 103883°67 1832°8517 12 
4336-80 99547°37 1810°5613 13 
4188-18 95359°19 1288°7444 14 
4043-73 9181546 1266°2792 15 
390165 87413°81 124179757 16 
3762-60 83651°21 1216°5650 17 
$627°75 80023°46 1191/3070 18 


REVERSION, REVERSION, 
Age. D. | N. | M. Age. Age. Dp. N. | M. 
19 3497-36 76525°90 1166-7847 19 91 7712856 17°68298 6°40590 91 
20 3371°89 7315401 1142/9766 20 92 4°94352 1273946 4°42849 92 
2 3250°36 6990345 1119°8620 2 93 3°45567 9°28379 3084616 | 93 
22 3133-96 66760°49 | 1097-9425 23 o4 2°48520 6°79859 2214797 | 94 
23 3021-40 63748°09 1076°6614 23 95 1°30961 4°98898 1611594 | 95 
aT] 2012-74 6083535 | 1056-0002 a4 96 134696 3°64202 1:201650 | 96 
23 2807-84 $8027°31 1035°9408 25 97 1°02344 2°61868 917362 | 97 
36 2706712 $3321°39 1016°0019 26 98 °772823 1°845761 “696555 | 98 
7 2607-95 s2713-44 996°6438 27 99 +589532 1°256229 *§35773 | 99 
28 2512-32 50201712 976-9753 28 100 “468295 “787934 *431707 | 100 
2 2417-93 47783°19 9557580 29 101 *353621 "434313 *330672 | 101 
30 2324-43 45458°76 932°6867 30 102 +245230 *189083 *232580 | 102 
31 2233-93 43224°83 909°8874 31 103 *142852 +046231 *137345 | 103 
32 2146-73 4107810 887-7522 32 104 *046231 +000000 044884 | 104 
33 2063-09 39015°01 866°6387 33 
a 3982°87 87083°14 846°5003 a To find the value of an annuity of 1/. on a life of any age, divide. 
oe ieee ees Seriasa. “4 ne the w of that age by itsp. Thus at the age of 35 the value of an 
A ees annuity of 12. is x(85)-+0(35), or 35126-57+ 1905°57, or_18-4881., 
a? 1759°00 3153648 789°2243 37 or 182. 8s. 8d. Thus, the following formule will be readily under- 
38 1689-22 20847°26 770-6864 38 stood :— 
39 1621-71 28225955 7523727 39 : : 
Value of an annuity which is to commence x(x) 
40 1555-78 26669°77 neem “ ‘ Seer that is, which is to make D@) 
4 1490-82 25178°95 714029. 4 t in a year cr 
42 1427-46 23751°49 69470911 42 Re data (age 2) 
43 1365-96 22385°53 67471726 43 hip cpebipke sagen Abe veka tae ay N(x +n) 
44 | 1306-84 21078-69 654-8342 44 cot eae Sar sey rg Sinks “sho 
45 1250-00 19828°69 636-0591 45 then alive.( Nerds Ages are fe! 
46 1195-62 18633°07 618-0875 46 * ; n(w+n) 
47 1143-60 17489°47 600-8886 47 Premium for such an annuity, ig Br Re 5 
48 1094-08 16395°39 584°6747 48 nowandntimesinall . . « «J N(e—1)—N(x+n—1) 
49 | 1067-41 15347-98 569-8728 49 P : oe. ae 
50 | 1002-99 14344-99 555-9583 50 The same premium, payable x +1 times -} ‘Na—1)—N(r +n) 
51 960°707 1384-278 542°8920 51 
52 919°395 12464°883 529°5612 52 Lipset tied rota gel goal doy ¥P me) nets) 
53 $79°047 11585°836 515°9924 53 ae a te D(7) 
54 839-663 10746°178 5022108 54 Lrcment wale At aan “ainanince Still at } u(r) 
55 801-433 9944-740 488-4371 55 Geet ie ee) les me? : 
56 764144 9180°596 474-4915 56 (2) 
57 727-792 8452°804 460°3956 57 Premium for the same Fy . “ } x(w@—1) 
58 691-328 7760°976 445°6299 58 : ‘ 
59 655-419 7105°557 429°3712 59 Present value of an assurance of Il, at u(x +n) 
60 618-338 6487-219 411°3795 60 death if after n years > ee D(x) 
61 580-223 5906-996 391-2752 61 Premium for the same, payable (n+1) M(x+n) 
62 543°165 5363°831 371°91165 62 times . ‘ "| > 4 «J N(w@—1)-N(x@+n) 
63 507°618 4856°213 3513896 63 : 
64 473-982 4382°231 332°5389 64 Lm oS sl ges pais) 
65 441-875 3940°356 314-2872 65 Seow Sal came be FE ie) roe D(z) 
66 411°379 3528977 296-6107 66 a ay ies ied } M(x)—m (a +n) 
remium for same. avie 2 0 Paap Oa: eee cae eee 
67 382-422 3146555 279°6357 67 zit n(t—1)—N(z+n—1) 
6s 354-80 2791°752 263°1551, 68 ; 
69 328-408 2463-284 247-1545 69 As an instance, let us take the case of the last formula, which was 
proposed at the beginning of this article: the ‘et is 30, and the 
70 303-240 2160°044 231-4936 70 term of insurance 20 years; we have then to divide the excess of m (30) 
71 279°203 1880-841 216-2889 cat over M (50) by the excess of n (29) over N (49) :— 
72 255119 1625-722 200°3366 72 
73 230°813 1394-909 183°4619 73 m (30) 982°6867 _ w (20) 48783-10 
74 206-585 1188-324 165-9566 74 m (50) 555°9583 wn (49) 15347-98 
75 182°483 147°8 —- —_—— 
a nbc EOe BL 876-7284 div. by 32435°21 gives “0116148: 
76 160°245 845°596 130°9482 76 
77 139-558 706°038 114-9284. 77 this is for 1/., giving 11°61487, or 11U. 12s. 84d. for 10007, and 
78 120°936 585°102 100-3722 78 11,614°8/. to be me total premiuin for 1000 persons, nae 
: Question.—If the office insure a large number of persons the 
Z Tee eake aoeove Sets 79 whole life or a term) at the premium p (the age being x), what will be 
s1 763678 31 pore Mell . their accumulation in » years, upon the suppositions the working of 
which has been shown in the example already eres it being sup- 
82 64-2223 250°3152 55°06098 82 pose that £a is insured to every one who dies ¢ answer is in the 
83 53°5795 196°7357 46°28874 83 ollowing formula; for every person who, according to the tables, is 
s4 44-1701 152°5656 38°43998 84 alive at the end of the term of n years, there is remaining in the office, 
"7 eeamaa at TF See rare mte Dane 3p £0 0 Sela oor el ee 
16°4915 3163048 85 premi id, ti 7 
86 28845 87°6070 25°49154 86 ea pe se 
87 22-6179 | 64-9891 20°06629 87 p {x(x 1) — x(x +n—1) } =, {ar(2) — M(x +n) } 
88 “aaa 47°7779 1531836 | 88 D(x + %) 
89 13-0366 347413 11°64505 89 
90 992975 24°81154 891787 90 As an example we shall verify the accumulations of 10 years in the 
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instanee referred to; in which p = 11°6143/,, 4 = 10002, « = 30, 
n 
"4 (29) 4778319 M(30) 9326867 
rs (39) 28225°55 (40) 733-6727 
19557-64 199-0140 
x 11-6148 x 1000 
2271581 199014°0 
199014-0 
981441 
p(40) 1555-78)28144-1(18-09002 
x 5075 
91806-84 


The answer is, that the reserve of premiums for each person of the 
5075 then remaining is 18°09002/., which for the whole is 91806°841. 
answer in the scheme worked out at length is 91,809/, 

nn het ante Po a Adler gedaan 
man's at expiration o ten 3 or very utmost the 
to give him to all claim, and to keep his 
But what is the nature of his claim on 


for entering at 40, and insuring 10001. 
ivide 1000 time M40) — (60) by N(39)_/N (49), 
or 


(since yO eps is to be paid imme- 
), and for nine succeeding years, if the latter should live so long. 
3°800—11°6148 is 2°1852, while an annuity of 2°1852/. for nine 
years, at the age of 40, is worth N(40)—N(49) divided by D(40) and 
by oo or SS eat e to this 2°185/. for the imme- 
difference, we 18-0881, differing a halfpenny from 
180004,, the eum which the office Secieremercr ie then the person 


him an equivalent, he must, besides on himself 
miums, pay the ing member 18°090/, which is therefore the value 
of the latter's policy. last formula will always give the accumula- 
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wariable, the parties to enter on 
ay oa at the terminations of 
entry. We now proceed to the appli- 
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company which undertakes 
again, it makes no difference whether the instalmenta be for liqui- 
of or to accumulate a provision for widows and children. 
of debtors, because in such a case an office 
indemnity-office than when its contributora 
families; still however, in the former 
that the premiums are partly instalments of debt, 
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partly sums intended to make good the deficiency of the life-instal- 
ments of those who die. 

Let us now suppose a company to be formed for the simple purpose 
of assuring lives. Their business is to invest the premiums of those 
who assure with them; their receipts will consist entirely of current 
premiums “a interest on the esl reenter of the old ones; and their 
outgoings will contain expenses of management, ent of claims, 
purchase of their own policies, and (possibly) Weak beta investment. 

There is one question which is generally settled at the very outset, 
namely, whether the company is to be what is called mutual, proprie- 
tary, or mixed. 

A mutual company is one in which the members stand bound to 
each other, and constitute the company themselves. In such a com- 
—s capital is, generally speaking, raised at the outset, except a 

sum for necessary expenses at starting. This however is not 
necessarily the feature of a mutual company; for if its members choose 
to constitute themselves an investment company as well as an assur- 
ance company, they may, without losing their mutual character, re- 
quire every assurer to be also a shareholder. In a mutual company 
the profits of course are divided among the assured. 

A proprietary company is one in which a body of proprietors raise a 
capital and pledge it for the payment of Siacies in ened premiums 
are not sufficient: for this security they receive, in addition to the 
interest of their own capital, the profits of the assurance business. It 
has long been proved that, with proper tables of premiums, and a fair 
amount of business at starting, this capital is an unnecessary security ; 
and the only reason which could now make such an office desirable, 
would be the lowness of its premiums. Of course it matters nothing 
to the assured how claims are paid, as long as they are paid; the 
—— may be diminished, but the assurer fears nothing except its 
exhaustion before his turn comes. This must be the sole considera- 
tion with a person who is tempted by low premiums to a purely pro- 
prietary office : the nominal capital signifies nothing; it is upon the © 
amount of assurance to which it (with the premiums) is pledged that 
the solvency of the office depends. Generally speaking however we 
believe it will be found that the purely proprietary offices have not 
allowed themselves to run much risk. 

A mixed office is one in which there is a proprietary company, which 
does not take all the profits, but a share ; the rest being divided among 
the assured. The good effect of the capital upon the condition 
of the assured in such a company is this; that the directors, having 
fixed capital as well as premiums, may justifiably seek for investments 
which a mutual company must avoid. Having the capital to make 

purely commercial losses, they may perhaps attempt to get a 
i rate of interest, and of course take more risk of loss; the 
assured, who are sharers in the whole of the profits, since the profits 
of — and profits of original capital are not distinguished, come 
in for their share of the extra profits of the capital. But no such 
attempt at gaining higher interest by secondary securities should be 
made until a sum sufficient (with future premiums) to meet all claims 
is invested in the very safest securities which the state of society 
offers. 

There is much confusion in the ideas of many persons about interest, 
arising from not distinguishing between interest and other returns, 
The following remarks may serve to explain our meaning :— 

Interest is the return which is made for the use of money, when the 
owner entirely relinquishes its management, and believes he has un- 
doubted security for its return. “ Interest,” says Mr. M‘Culloch, “ is 
nothing more the net profit on capital.” The same author goes 
on to say, “ the rate = interest on —_ Leder yed yo must of course 

according to_ the supposed solvency of the borrowers, or the 
eanen of risk supposed to be incurred by the lender.” But here the 
acute writer from whom we quote, after setting out with the accurate 
definition of the political economist, proceeds to use the word in the 
common sense, in which it is no longer the net profit of capital. For 
this variation in the rate of interest (so called), this addition for pos- 
sible insolvency, is or is meant to be only as much as will make every 
debtor who does pay contribute towards the bad debts of those who 
do not. Nothing then is netted by the increase for suspicion of in- 
solvency, in the long run, and one debt with another ; so that, abiding 
by Mr. M‘Culloch’s definition of interest as the correct one, we should 
to call the additional sum debt-insurance. To this we must 
add, that when a person employs his own money, as in trade or manu- 
factures, he also gains that additional return which a borrower counts 
upon to himself after paying the interest (and debt-insurance, 
if any) to his creditor. This is neither interest nor debt-insurance, but 
is of the nature of salary, by which name it might be called. Perhaps 
it would be best to retain the term interest in its general loose signifi- 
cation, and to subdivide it, for accuracy, into pure interest or net 
profit, debt-insurance, and * 

In the construction of a table of premiums, three points must be left 
to the judgment of the constructor, the rate of interest, the table 
of mortality, and the addition to be made for expenses of management 
and probable fluctuation, or discrepancy between the predictions of 
the table and the events which act arrive. The third point would 
not arise if, as was once the case, the table of mortality made life 
much worse than the actually prevailing state of things shows it to be. 
Security against adverse fluctuation is thus taken in the choice of the 
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— 3 £ Pie 
table; and this was done by the older offices, which chose the North- | , 
ampton Table ;—by the Equitable, for instance, | (Compare the mean Brought over | 145069 smh woos 
Guration of life in the Northampton Table with that of the Equitable y| 5197 
experience, in Mortatrry.) But we hold decidedly by the method | Trs880 "309132 
of ing a true table, and augmenting the premiums given by it as ne | “71000 69 ¢ | 69000 
a against fluctuation ; and for this reason, that wrong tables BLtasnsn Re ek 
= unequally wrong. making diferent, ermine erent per- —| 82680 —| 40132 
a0 us augmenting ond Gee 5y 4 (43) 4800 P| 56553 (47) 4588 P| 58288 ° 
According to the Carlisle Table (which we prefer for the purpose), ERE 
of 5642 persons alive at the age of 30, 3018 are alive at 65, whence the | Soames - po 
chance of living till the second age is 8018~-5642 or 5525. Now, ! y| 487 7] 
ve practical certainty one for it) that, 
Ta fananes is concerned, the office should not be injured by adverse fle 71000 | 67 ¢ [aide 
destha, ae ae tuted alors rh ihe the tobias —| 73106 —| 29690 , 
ve-men more 
Ties this even on the supposition that the table itself can be (44) 4798 P| 55729 (48) 4521 P| 52510 
reckoned upon as ingererting the law of mortality of the Jossa5 - | 82200 
whole insurable population. It would be a very long process indeed 4500 _ 2877 
to apply calculation in detail, so as to form a well su idea of} - y 
the amount of tion against fluctuation ; the question 133344 85077 
is up with , to which we proceed. ~ hes, 71¢| 71000 "68 ¢ | 63000 
The rate of interest to be assumed is an element which requires the 
grees caution. Tt must bea rate which can actally be made, and |- Geass | 22077 
prudence requires it sho something = 
which ma; masnabie be looked for. To show how —— an agent |. (45) 4727 P| 64904 (49) 4458 P TD 2 
it is, we shall repeat the example already given, of 6642 insurers 117248 73856 
for twenty years, on the supposition that the office which charges as 4104 2585 
for 3 per cent. finds itself able to make 34 per cent. y y pets 
121352 76441 
Wy £ 70 ¢ | 70000 61 ¢| 61000 
(30) 5642 P| 65530 Brought over | 129203 . Daca 
y| 2204 y | 4522 —| 61352 16441 
46) 4657 P| 54090 
67824 133725 (48) ' 
57 ¢ | 87000 56¢ | 56000 105442 
10824 - + | 77725 It thus ap that the office leaves off with an accumulation of 
(31) 5585 P| 64869 (37) 5251 P| 60989 15,4410, nearly ; and if it be lucky during the first years, it may be 
“ said to be safe (as we find) against any fluctuation for which there is 
75693 138714 an even chance, by the increase of interest alone. 
y | 2649 y\ 4855 Take what amount of precaution we may, an office must, at first 
starting, depend upon something either of capital or tee, Even 
78342 143569 a mutual office must raise something at the outset. Tables must be 
57 ¢| 57000 57 ¢ | 57000 constructed with very large additions to the calculated premiums, 
——— which are to meet the very earliest contingencies alone; indeed it is 
+] 21342 + | 86569 difficult to say what addition would be too large. But this point it is 
(32) 5528 P| 64207 (38) 5194 P| 60397 unnecesary to insist on, since we can hardly suppose it possible that 
any set of men would found an office with no resource except premiums 
85549 146896 from the very commencement. Supposing proper precautions to be 
y 2994 ma 5141 taken, we imagine that an addition of 25 per cent. to premiums cal- 
culated from the Carlisle Tables at 3 per cent. per annum, is sufficient 
88543 152037 to place a mutual office upon a sound footing, and to give a very great 
56¢} 56000 58 ce) §8000 Poets ise 2 ere rofit, It never has 
found that an office charging sf this rate has bean without surges 
+ | $2543 + | 94037 of some kind, 
(33) 5472 P| 63557 (39) 5186 P| 59654 This surplus has been called by the inaccurate name of t, 
—_——— whereas it is really that part of the security against fluctua’ of 
96100 153691 interest and mortality-which has been found to be unnecessary. In 
y| 3364 y| 5879 mutual ger ty to be ager “Pg? on 3 ae uitable 
rareienre —- manner; in ietary offices it is profit to the 
99464 159070 ietors, pe captial | yielded them the o interest, & a 
55 ¢ | 55000 6le¢} 61000 33 esis none of it has been n to meet akan, son Site 
therefore share among themselves the residue of the premiums. It 
+ | 44464 + | 98070 impossible to avoid surplus in a well-constituted office, for the 
(34) 5417 P| 62917 (40) 5075 P| 58946 mathematical line which separates surplus from deficiency cannot be 
—— expected to be attained, so that those who would not have the latter 
107881 157016 must take care to have the former, 
y 8758 y 5496 The Fergie soa with life oe 5750 &e., have Seanne 80 
: a many so importan it is impossible to enter on the subj 
1111389 162512 with reference to the points actually discussed in our own day, ‘The 
55 ¢ | 55000 66 ¢| 66000 scientific reader will find in ony eg of the ‘ Assurance Magazine, 
=| materials for thought on most of these subjects, For others, we know 
+ 656139 —| 96512 of no work which gives so mach information, and which so well 
(35), 5362 P | 62279 (41) 5009 P| 58179 enables the reader to refer all statethents to their real sources, as an 
ee nie anonymous work, ‘The Assurance Guide and Handbook,’ London, 8vo, 
118418 154691 1857 (published by W. 8. D. Pateman, pp. 440). This work professes 
y| 4145 y\ 5414 to be intended for insursnes agente, ad, a0 fat as we can find, has no 
eee pane to icular offices or systems. 
| 122568 160105 REVERSION OF SERIES, Inthe nomenclature of mathematics, 
55 ¢| 55000 69 ¢ | 69000 which is far from being consistent with itself, the words reversion and 
+ | 6756s can inversion — sometimes confounded. ogee term by Hebgros we 
a describe square root, as connected wi © square, is, is 
(36) 5307 P | 61640 (42) 4940 P| 57378 an Inverse process to the other; but if vise given series of the 
. -_— powers of «, determination of x in a series of functions of y is not 
129203 148483 called inversion, but reversion, Various points connected with reyer- 
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T¢ will be convenient, instead of writing the resulting series 

at a +.+-,+, to let it be aay — Bay? + cay — Bay! + 

Rep oh fs nO yf — nO fT — + 

- yi—..... We then have 

lar TY 

B=) 

fa 

B= - 

r= — 2labte + 8a? (2he + €) — 

6 = 1 — Shale + ee BAIS +a) +0 

‘w= 1320 — 330ab'c + 60a? (2c + Bl) — 1203 (Bf + Ghee + 

A) + bat (2bg + Uf + &) — ahh vad 
4207 — 1287ab’c + 4950" (b'e + Wc*) — 1650° + re 

Sid) + 5a (By + Def + bp yl Sry enh aa a 

L = 143808 — 5005al/%c + 1001a* (2c —715a* 4Pce 

tm Who) 4 bon (iby + Tabief s OFS + 1dice +c) — Be (PL + 
Dheg + Bef + Ef + oc*) + Sa® (2hk + Bch + 2g + f?) — al 

rere = ndetot a + 800800 Cie 2 Sie) — Ladle? PY + 


q 


15i4ce + 1 # 1001a‘ (b'g + 4 of + We + 64 ce 
2860" (Ph + Hy? Seto + Beet + Ae) + 22a! (BH + 
Sieh + Seg + 509 + + +) — lla? (Ul + ck + ch + 
+ 


— 75582ab%e + 1591207 (2h7¢ + — 12376a° (if + 
oe me we *s ee ides + Oe = y 


Bbce 
Bice +a) + 18a COM S Ch + thy hey 
- 
ee 
—a'n. 


sac (ertht+..)— 5 (artler.. Pe... 
the two sides of which equation must be identical; giving 


b 1 
A=l, AZ 3G = 9, orn =d; 


t of any given term! Say that y* is the 
the term Relongs, and Ge ++.» i8 the literal 
coefficient req is as follows : 

(mn +1) (w + 2)......(2n—a@— 2) 


@2.3....B) (1,.2.3....9) 0 PP Fe 


Thus, to verify the numerical coefficient of a®ce? in N, the coefficient 
of y", we must calculate (n= 11, a= 6, 22 — a—2 = 14), 


12.13.14 
(1.2) Gea) Which is 6. 13. 7, or 546, 


and 182 x 3, the coefficient in the table, is also 546. 
2. The sign of any term is positive or negative according as the 
power of @ which it contains is even or odd. 
We may be] ae poy Biot en pe the suede ients may be 
i i as ical correctness, by remembering 
that if a = b =¢ = &e. = 1, we should have = B=0 = &, =1; 


fory=2+2°+ a+... givesx=y—y'+y—.... The result 

of the use of the preceding table, distinguishing the positive from the 

negative parts, is 

2=y—# + (2 - 1) — (6 -5)y' + (23°"— 22) y5 — (99 — 98)y8 
+ (452 — 451) yf — (2140 — 2139) y® + (10397 — 10396) y? — 
(51525 — 51524) y'® + (259430 — 259429) y_- 


The ing is a particular case of the following general problem, 
Said, Paneastiy cnet tad complicated in its details. Given 
= OX" + bt) + crt? + cxmt3 + frm+4 + ....5 required a series 

x in powers of y. Let it be assumed that 


z= 


¥ 
A op — Baiatl + Cots — Blanes + Poppies 


Su +1 Sn+2 5a+3 

wie tS a 2 
Sn +1 

+25 a (2be+e)-naf 


Methods of obtaining all these series are given in Tayor’s 
Taeorem. 


5n+1 5n+2 
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2 3 
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lessor platy regent rmads z si fe 
the or , after estate an ion con 
to smother by lease for ile, for years, Or pith tn tet, And it is called 
a reversion in respect of the on separated from it; so that he 
hath the one, hath not_the other at the same time, for being in 
ee ee ee or hone 
is the land itself when it falleth.” (Termes de la 
us if a man seised in fee simple conveys lands to A for life, 
reversion in fee simple. The distinction 
a remainder and a reversion has been exp in ReMarNDER. 


having a reversion. When a man grants 
grants a particular estate to A, and various 
remainder to F in fee, he has no reversion left, and 
seignory since the of the statute of Quia 
remainder-men precede the remainder-man 
not hold of such remainder-man, but of the lord of the fee 
the original owner held. The word reversion is often used 

is sometimes necessary to recur to its strict legal 


Tt is said 


a reversion is not created by the 


party ho con of his estate, but is a conse- 
is acts. If pp kpc aA in fee simple limits fe phar 


f in fee or to his o 
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6 neers he he is not to be con- 

er estate or part thereof. 

a vested estate, which may be ted or conveyed, 
possession; and in some cases the 

an action, as well as the tenant in 

possession, for an injury to his inheritance, 
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part, generally | thickness) bears to its horizontal pressure. Let w be that weight 
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above mentioned. 
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2, Bastion; the first is the revetment of the 


in, as 
Keates 


fortification, is a wall of brick or stone | proportion that the weight of the unsupported prism of earth (of any 
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4 (G1+8R) for the effect of friction; | the rotation of the chamber, that the revolver’could be 
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bullet almost unserviceably small, | arm; good shooting may be made with them at 100 or 200, and fair 

The shelton of revolving whan even at 300 yards, For cavalry, on board ship, or at close quarters 
= barrel overcame this difficulty. Fig. 1 shows the outline | generally, they are a most formidable weapon, Rifles and large fire- 
of Colonel Colt's revolver, This pistol became generally known in | arms have been made on the same principle, and for some porpone 
England at the Great Exhibition of 1851, where it excited a good deal | they may be very useful; but they labour under the disadvantage 0 
some years much used in America, and | reduced penetrative power and range from the escape of at the 
; backwoods. This | junction of the chamber and barrel, which has neyer yet com- 


ice hows aie bes PRHAMNIN. ined fr 

i land.| R NIN. A yellow crystalline substance obtained from the 
ip 4 ies patel = Lt naggirt five | buckthorn (Khamnus catharticus), and apparently identical with 
= Ce i OPT AMNOS ANTHIN A yellow crystalline body found in the 
slightly larger i forced ‘ y i 
the lever ramrod Sea Bane Weehdly teat the pistol a be carried in the seeds and bark of the Lhamnus frangula, and of the Rhamnus cathar- 
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holster, muzzle downwards, without their being shaken from their | ticus, It is volatile, slightly soluble in water, and very soluble in 
" ‘The chamber is ightly aot hea then the barrel, which, | alcohol and ether. 
Peer igen the bullets ane through them take the rifling RHAPONTICIN. Synonymous with CurnysorHanic Acmp, 
moat effectively RHAPSODY (haygbia) was a poem sung by a 1 »sodist, generally 
Fig 2 represents Adams's revolver, which, since its invention, has ya to detached parts of the Homeric poems, the Iliad and the 
received numerous improvements (especially the lever-ramrod, which | 0 yasey: But the word rhapsodist properly signifies one who sews 


f 


istols were not provided with), and may now be considered | or together ; and it was specially applied to those who 

eink oon of thle Sessrigtion In Colt’s pistol it is neces- | arranged or are supposed to have arranged the parts of the Homeric 
the piece with the thumb before each discharge, while | poems and of other old poems, so as to make one entire work of them, 

's pista} can be fired with only a continuous pull of the trigger ; | and who went about from place to place-to sing and recite these poems, 
latter « great advantage in rapidity, an important point | In modern use the werd has an entirely different signification. A 

which is not so much required for long accurate shots as | rhapsody is a discourse or writing in which the parts have no necessary 

shooting in a mélée, By another improvement in Adams's sf TS on each other. me = 
however, we are enabled to cock it for accurate shooting with the | | EA, one of the divinities of ancient Greece and Rome. Rhea — 

thumb, when a further slight pull fires the pistol. Fig. | Was the daughter of Uranus and Gwa, and the sister and wife of 
‘s revolver and, fig. 4, of Colt’s revolver, which are | Kronos, by whom she had several children who were successive 
; P r swallowed by Kronos, till she succeeded in imposing on him a stone 

for the new-born Zeus. [Kronos ; Zxvs.] Rhea became early 
identified with the Phrygian mother-goddess Cybele ; and also by some 
of the Greek races, with her daughter Demerer. Besides the 
Rhea, Cybele, &c., she was called ‘the mother of the gods,” ‘the 
great mother,” &. The original seat of her worship appears to have 
been Crete, but it soon spread through Greece, As the great goddess 
of the eastern nations, her worship was however far more wi 
extended. The = of rage were in some places set with those of 
Dion ; and her priests, the Corybantes, t, danced, sung, and 
Diesel povlows frenzied orgies in the wilds of P gia. ‘As the moa 
of Jupiter, under the name of Ops, she was worshipped by the Romans 
from the earliest times. Her festival at Rome was called the 
Megalesia; her priests were eunuchs, and named Galli. The oak 
and the lion were sacred to her. In Greek art Rhea is represented 
wearing a crown with towers, and she carries in her hand a key or a 
branch. She is usually seated on a throne with lions beside her 3 or 
in a cay drawn by lions; sometimes she is riding on a lion; in bassi- 
nats by &c., she is sometimes seen attended by dancing Corybantes with 
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RHEADIC ACID, [Paravenro Acm. 
RHEIC ACID. [(Curysornanic Act. 
RHEIN. [Curysornanio Acip.] : 
RHEOMETER. A number of instruments, &c., used in Ganvantsat 
are named by French physicists rheometer, rheophose, rheotrope, rheostat. 
from the Greek pew, to How. The words have only been to a limited 
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oratory ; but ar rician is a teacher of or writer on oratory, and an 
orator is one who practises the art ; Demosthenes was an orator, Aris- 


writers, in treating of rhetoric, a merally to consider 
it the same as oratory, and perhaps it is dithoult to sels a distine- 
tion between them. Cicero's ‘ Orator, ‘ De Oratore, and ‘De Claris 
Oratoribus, are always called rhetorical works, Quinctilian (‘ Inst.,’ 
ii. ae fe eps of persons who translated the Greek word “ rhetorice” 

tin by “‘ oratoria” and “ oratrix ;” but he objects to the use of 
both these words, and adopts the Greek word, which, he says, Cicero 
himself employed to designate certain books (probably the two books 
‘De Inventione’) which he had written on this art. An account of 
Q ian’s work on the same subject will be found under Quiyeri- 
uaa, = Broa, Diy. In the article Onarory it is stated that the 


Aristotle begins by saying that rhetoric is the coun . 
arpopos) of logic, and h etn me ree the faculty ( vat 4 
prea Dey given subject wha adapted to persuad 

ivides rhetoric Tato three parts ; Persuasion rm or rather pr J 
Language or og bor= ga tte), and Arrangement (rdgis). His wor 
consists of three books, of which the first and second treat of persua- 
sion, and the third treats of expression and arrangement, 

After preinising some general remarks on rhetoric, he treats of per- 
suasion as derived from enthymemes (év@yuhuara). Hayin stated 
that there are three kinds of persuasion, the deli 
Aevrixdy), the demonstrative (@mideuxrixdv), and the judicial (Bicavindy) 
and that, in reference to each of these, persuasion is both special (l0le. 
and general (kowal), 0. 8, he discusses the subject of apedial. pereuasion 
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in each kind : touching the deliberative he inquires whether it be use- 
fal,c, 4 to 8; the demonstrative, whether it be honourable, 
9} touching the |, whether it be just,c.10to15. He con- 
= vs stating and explaining the modes of producing 
persuasion without the art of rhetoric, c. 16. 
____ In the second book he proceeds to say that, in reference to certain 
* mene persuasion must be considered as de’ ing on the 
a the speaker, c.1; and on the-passions of the hearers, c. 2 
‘ to 13; as also on the general character of the hearers, such as their 
_ passions, their moral habits, their different ages and conditions in life, 
to19. He closes the discussion of special persuasion by viewing 
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to roger seen generally and indefinitely, of which 
mentions two kinds, exam; 
gnbme (yvdpn) as in 
the 
; and describes its various forms, ¢. 5 to9. He treats 
pra de 10, 11; and represents the different kinds 
c. 
e then comes to the third ay serene} An nate pe wm 
This, he consists two parts, the proposition of an: 
bom eat te coutirmndtion ; ree pte Ar four para introduc 
q spooluor), proposition ( xpdé@ecis), confirma: (xloris), and 
{ (éet\eyos). He concludes the work by discussing these four 
: introduction, c. 14, 15; proposition, c. 16; con- 


this subject, 
investigation 
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), Medical Properties of. As the cular species 
the officinal rhubarb, and even - heal stared of its 
varieties met with in commerce are here 


are picked out, preferred, while the leces and the 
cae for -" Holes are ed in many of the 
extends entirely through, the others 
only partially ; the former having been made in order to the 


sorta, is frequen’ 


worm-eaten, owing to the 
a amall beetle, Sinodendru ik ” 


m illum. (Kirby and Spence, ‘ Ento- 
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the are covered with a 
a egal ike saieps tee tha Bate 
7 passage to this of rouncing (that is, 
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the amount of between 30 and 40 per 
SE Ce ue ma bas 8 
astringent taste, w: to some is not unplea- 
are in habit of thubarb to obtain its tonic 
is objectionable from the 
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spota and depressions of a 

The mneven, the longitudinal 
“ The powder of genuine Russian rhubarb is of a bright 
to red, but as met with in the shops it is almost 
the powder of English rhubarb,” which gives it 


iH 


& much lighter colour. 
The analysis of this sort by Hornemann shows it to consist of — 

Rhubarberin (or bitter principle of Pfaff) . ° - 
Yellow colouring matter (of Henry) . Py we 
Biteerentractive, . © «© «6 » -« » 
Oxidized tannin =. ‘ ; ‘ . : ayy, "4 
Mueilage . ° ° . ° . ‘ é + 
A substance extracted from the woody fibre . so. 38 

” Oxalic acid . . . . . . . .» | 

a, EME line @ ¢  «: Smee aa, 24 
Moisture, loss, odorous principle. . « « « 38 


ee ees testers uit & low ine 
/Branulated matter of rhubarb, A to Sebldeaberger and Deryping, 


‘a 


rhubarb contains three resins: Aporetine, Phaeoretine, and Erythore* 
tine. Itis supposed to contain some volatile oil, to which the peculiar 
odour is due. 

The chief chemical distinction between this and English rhubarb is 
the presence in the latter of a principle termed rhaponticin, and 14 per 
cent. of starch, with a smaller portion of rhubarberin, of yellow colour- 
ing matter and extractive: iodine furnishes a ready disti i 
test, for a “ decoction of Russian, Dutch-trimmed, or Chinese rhubarb 
becomes, with a solution of iodine, greenish-blue (iodide of starch) ; 
after a few minutes the colour disappears, and no iodine can be 
detected in the liquor by starch, unless nitric acid be previously 
added ; a decoction of English rhubarb is rendered by a solution of 
iodine intensely blue (iodide of starch), the colour not completely dis- 
appearing by standing.” (Pereira.) This difference is clearly dependent 
on the much ter portion of starch existing in English rhubarb. 
Inferior rhubarb, or roots cut to resemble rhubarb, and sprinkled over 
with powdered turmeric, or dyed with it, may be detected by means of 
hahaa acid, or any borates rendered acid, since the colour of genuine 
rhubarb, or paper dyed with it, is not affected by these re-agents, 
whereas turmeric-paper is reddened by them. Yellow ochre, with 
which black and worthless pieces are covered, or which is used to fill 
the holes in worm-eaten pieces, may be detected by heat, as it burns 
with a brownish red appearance, and exhibits the of a 
ferruginous earth. 

Portions unusually white are occasionally found in the chests of 


Russian rhubarb, and are ep to be specimens of # L 
rhubarb ; no certain is known of its ig or relative value, but 
it is assigned to m leucorrhizum, Pallas, anum, Sievers, Rhewm 


tataricum, Linn. 

2. Dutch-trimmed rhubarb, called also by some writers Persian 
rhubarb, and Batavian, occurs in flat or round pieces, and is not much 
different in appearance from the preceding, but it reaches E 
through Canton and Singapore. It is said to be very liable to the at 
of a small coleo us insect, Anobium boleti, and that the holes so 
made are stopped with yellow ochre. 

3. Chinese or East Indian rhubarb, termed in commerce half trimmed 
or untrimmed rhubarb, rarely presents an angular character, but occurs 
in rounds or flats. “The best pieces are heavier and more compact 
than those of the Russian kind, and the odour is much less powerful 
and less aromatic.” 

4, Himalayan rhubarb is not known as a commercial article in this 
country, nor is it even an article of large consumption in India, where 
it sells for only one-tenth of the best rhubarb, resembling in quali 
the Russian, and which is found in India, The finest Russian rhubar 
might be introduced and cultivated in the territories of the East India 
Company, or, as Dr. Royle observes, “a trade in rhubarb with Tibet. 
or Western Mongolia might be established by means of the Tartars 
who resort to the hill fairs. This trade might easily be encouraged by 
the government purchasing all the rhubarb it requires, which might 
thus be employed for hospital use after crossing the frontiers, instead 
of, aa now, after making a journey of 20,000 miles, or nearly the 
circuit of the globe.” (' Flora of the Himalaya.’) 

5. English rhubarb ocoura in two states, “ dressed or trimmed, 80 as 
to resemble the Russian kind, and stick rhubarb, The first is grown at 
Banbury in Oxfordshire, and is frequently used for the show-bottles in 
rin ag windows, and often sold in the streets of London for Turkey 
rhubarb, by persons dressed up as Turks, Stick rhubarb is sold in the 
herb shops, and is in long pieces.” 

6. French rhubarb is not brought into this country. 

What is termed Monk's rhubarb is not the produce of any species of 
rheum, but of the Rumex alpinus, which — in Switzerland, Ger- 
many, and Mount Taurus, and is more astringent than purgative : it is 
mostly used by the monks of the Alps, or to adulterate the other 


sorta. 
Large importations of rhubarb are made into this country, partly 
from Russia, but much more from the East Indies; but the greater 


part is for re-exportation. The quantity retained for home consump- 
tion scarcely constitutes one-fourth of the entire amount. 

Rhubarb presents the peculiarity of producing two opposite effects, 
according to the dose exhibited. In small doses it is tonic and 

t, in large doses purgative, but generally followed by con- 

stipation. It is moreover somewhat heating, and therefore unfit for 
the early stage of inflammatory diseases ; on the other hand, its tonic 
properties render it eminently proper in the later stages of these 
diseases. In debility of the digestive o: , alone, or better in con- 
junction with other agents, it is a most valuable rseye | but it is very 

proper in the form of powder for very oa oo as the 
insoluble woody fibre irritates their delicate stomachs, and contributes 
to produce that state of irritation under which so many young children 
sink who are overdosed with domestic medicines, Dr. Reid, from 
large experience at a public dispensary, stated it as his deliberate 
opinion, that half the children which died in London under two years 
of age were killed by mothers and nurses dosing them with rhubarb 
and esii, A more rational ing is to regulate the diet of 
tender infants, especially of such as are not suckled by the mother or 
a wet nurse; above all, to avoid giving them stimulating drinks or raw 
fruits. Where any form of gentle aperient and Antacid is 
necessary for children or infants, an infusion of rhubarb made wi 
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cold water, to which carbonate of soda Bue) added, eyes yes 
Compound rhubarb pill, a very commonly- aperient, is hurtful to 
persons prone to suffer from piles. ene peat jee arn p and very 
mildly acting aperient pill can be made with equal parts of extract of 
rhubarb, extract of jalap, and extract of taraxacum, with a very little 
jalapina, and some drops of any volatile oil, such as dill, carraway, or 
cloves, 

Several species of rheum, and garden varieties of them, are cultivated 
for the sake of the petioles of the leaves, which are much used to 
make tarts in spring. The cooling and gently aperient properties of 
these render them grateful and beneficial to most ms; but indi- 
viduals prone to Eiaious complaints should carefully avoid them,and 
all vegetables which owe their acidity to oxalic acid, as the formation 
of the oxalate of lime, or mulberry calculus, may be the consequence 
of indulgence. This observation applies equally to the species of 
Rumex which are used as sorrel, [Cicer arteTinum.] (Pereira’s 
* Mat. Med.’) 

RHEUMATISM (from pevpariopds, “a defluxion”), It is probable 
that this term was prgeaty adopted during the prevalence of the 

pathology, when every disease attended with 
swelling was attributed to the flow fof some morbid humour to the 
part Before the year 1642, rheumatism and gout were 
usually described as one disease, under the name of arthritis; the dis- 
tinction between the two is said to have been first accurately made by 
Bellonius, a physician who suffered much from rheumatism. 

Acute rheumatism, called also rheumatic fever, has been so well 
described by Sydenham, that we make use of his own words: “ This 
disease,” he observes, “ happens at any time, but especially in autumn, 
and chiefly affects such as are in the prime of life. It is generally 
occasioned by exposing the body to the cold air immediately after 

having heated it by violent exercise or some other way. It 
begins with chilliness and shivering, which are soon su ed by 
heat, ess, thirst, and the other concomitants of fever, In a 
day or two, and sometimes sooner, there arises an acute in some 
or other of the limbs, especially in the wrists, shoulders, knees; which 
shifting between whiles, affects these parts alternately, leaving a red- 
ness and swelling in the part last affected, In the Lesinning of the 
illness the fever and the above-mentioned symptoms do sometimes 
come together, but the fever goes off ually, while the pain con- 
tinues and sometimes increases.” Acute rheumatism varies considerably 
in intensity and duration; the patient may have great fever, and 
severe pain in nearly every joint, so as to render him perfectly 
helpless; or the fever may be slight, and the local inflammation 
limited to one or two joints. There is not always a relation between 
the severity of the local symptoms and the constitutional disturbance, 
The duration of this disease is much the same under any mode of treat- 
ment; it may be terminated in a few days, or may endure as many 
months ; in nearly every case the general symptoms cease before the 
’ local inflammation is stopped. Acute rheumatism simply, is seldom if 
ever a fatal disease, but complicated with pericarditis, endocarditis, or 
pleurisy, it is highly dangerous. It behoves us therefore in every case 
of rheumatism to be on our guard against these complications; they 
are so frequent and come on so insidiously, that a recourse to the aid 
of the stethescope should never be neglected. (Heart, DisEases or 
THE. 
ith respect to what is called chronic rheumatism, it may be either 
‘2 continuance of acute rheumatism in a milder form, or may originate 
in this chronic, or, more properly speaking, subacute character. In 


either case all the of acute rheumatism are present, but in 
a less violent ; thus, there is a quickened pulse, some increased 
heat of skin, a tongue, and loss of a ite and sleep, the feb- 


rile action undermines the general health, while the local i tion, 
although indolent, disorganises the joints. This state of things may 
endure for an indefinite period, or the febrile symptoms may after a 
time disappear and the morbid action in the joints cease, not however 
without leaving behind them such ra as require a special local 
treatment. Dr, Eljiotson has distinguished chronic rheumatism into 
hot and cold: in the former, the joints affected are above the natural 


tem; of the other parts of the body, and are relieved by the 
ion of cold; in the latter, the contrary is the case. Whether 
pain of the joints is relieved most by hot or by cold applications, 
it is generally aggravated in cold moist weather, and diminished dur- 
ing an opposite condition of the atmosphere. The only diseases with 
which rheumatism can be confounded are gout and periostitis ; for its 
distinction from the former of which see Goun 
The term rheumatic, whether properly or not, has been applied to 
yarious affections which have very little resemblanee to one another, 
except in being attended with pain. Thus a class of cases has been 
called rheumatic gout. This is a disease partaking of the characters 
both of gout and rheumatism. It may be rheumatism attacking the 
small joints, or it may be gout extending to the large; in either 
case the distinction is not of much importance, as the treatment is the 


same, 

When rheumatism is seated in the back, it is called lumbago, 
from lumbus, the loin; when in the ‘back of the neck, the patient is 
said to have a stiff neck, or a “ crick in the neck ;” when in the head, 
one half only is usually attacked, and it is called hemicrania, When 
the pain occupies the more fleshy parts of the limbs, as the muscles or 


their aponeuroses, the term rheumatalgia is sometimes’made use of. In 
this last-named affection there is neither redness nor swelling, and pain 
is experienced only when the muscles of the part affected are called 
into action. Many persons believe that the nerves themselves may be 
affected with rheumatism, and refer to sciatica and hemicrania as 
examples, In these cases the pain is generally of an intermittent 
character. This intermittence of pain is not peculiar to nervous 


rheumatism, but is met with also when the aponeuroses of muscles are 


the seat of the disease, as in hemicrania. “It usually attacks one half 
of the organ (the head), and the pain generally comes on in the evening 
about six o'clock, and continues very violently for a few hours, Occa- 
sionally when it is intermittent in this way, the parts are hot, swollen, 
and throb, and the eyes water; but in other cases this is not felt,” 
(Elliotson.) Many physicians of eminence deny that the above-named 
affections are rheumatic, and consider them to be of nervous origin ; 
hemicrania and lumbago they call neuralgia, and rheumatalgia 
designate by the term myositis. From this contrariety of opinion we 
may conclude that little is known respecting the structures capa 
affected in these varieties of rheumatism; of the morbid changes whi 
they undergo we are likewise in equal ignorance, In the true or articular 
rheumatism it is the synovial membrane lining the cavity of the joints 
and the fibrous tissues external to them that principally suffer. The 
respective degree in which each of these structures is implicated is not 
the same in every case. Thus, in one case, we shall find the joints dis- 
tended with fluid, the fluctuation of which is yery perceptible to the 
hand ; while in another there shall be swelling, but it will be more 
diffused and without fluctuation, showing that little or no effusion has 
taken place into the joint, but that the swelling results from the 
inflammation of parts external to it. This difference has led some 
persons to speak of rheumatism as fibrous and synovial; but inasmuch 
as it is not always easy to determine to which variety the case under 
examination may belong, and is besides of no practical importance, the 
distinction is not usually regarded. The fluid which is found in the 
joints may be either gelatinous or purulent, according to the severity 
of the inflammation. The synovial membranes which line them are 
red and thickened ; the ligaments external to the joints are thickened 
and rigid, the limbs frequently contracted, and the muscles wasted. 
In rheumatic gout there is often found a deposit of lithate of soda in 
the joints affected,—a proof that, in many cases at least, this disease 
partakes more of the character of gout than of rheumatism. The 
appearances presented in the heart and its coverings, where this organ 
has been attacked, have already been described in the article Hrarr, 
DISEASES OF THE. 

Causes of Rheumatism.—Among the causes which predispose to 
rheumatism must be placed an hereditary tendency and the age and 
temperament of the individual. The period of life most subject to 
acute rheumatism is from puberty to 35 years of age, and persons of 
full plethoric habit are said to be more liable to its attacks than 
those of an opposite temperament. It is supposed by many, 
among whom may be cited the names of M. Andral (‘Anatomie 
Pathologique ’), M. C. Roche (‘ Dictionnaire de Médécine et de Chirur- 
gie), and Dr. Barlow (‘Cyclopedia of Practical Medicine), that an 
absolute or relative condition of plethora is essential to the develop- 
ment of rheumatism; and the blood, according to these authorities, 
may be either excessive in quantity or altered in quality. ‘“ There are 
some individuals,” observes M. Andral, “ who naturally make a greater 


quantity of blood than others. When the bloodvessels contain a — 


greater proportion of the nutritive fluid than is necessary to supply 
the demands of the different organs, the superabundant quantity 
becomes a permanent source of excitation to the solids, and at the 
same time the blood has a remarkable tendency to accumulate in 
different organs ; so that in such a case the whole system is in a general 
state of excitation, and some of the organs may become the seat of 
local congestion of various degrees of duration and intensity.” In 
applying these doctrines to the disease we are considering, he o es, 
“Tf we mark the symptoms and progress of acute rheumatism, we 
find that very often a well-marked febrile action, with a strong reaction, 
but without any symptom whatever of local affection, precedes the 
pain. In a word, there is first an inflammatory fever, and then 
rheumatism. Next observe the extreme mobility of the rheumatic 
pains, They run along, in a manner, wherever the blood is distributed ; 
the application of leeches often removes the pain from one part, but it 
soon thifts to another, and not unfrequently it quits the articulating 
tissues and fixes on different internal organs, producing, by the 
derangement of their functions, symptoms more or less severe. It 
often happens that bleeding from a large orifice puts an end to the 
disease, as if, by diminishing the mass of blood, it proportionally 
diminished the stimulus that promoted all these shifting irritations.” 
It is then, when the body is in this predi condition, from any of 
the before-mentioned causes, that exposure to a continued draught of 
cold air or a shower of rain becomes the immediate exciting cause of 
an attack of rheumatism. 

Whatever may be the general condition of plethora, which has been 
observed in certain cases, there can -be no doubt that rheumatism will 
only come on in certain conditions of the blood. — It has been observed 
that during rheumatism considerable quantities of lithic acid and 
lithate of ammonia occur in the urine, and there seems to be little 
doubt that in all cases of rheumatism there is an accumu!stion in the 


RHEUMIN. 


RHODIZONIC ACID. 74 


blood of some substance which acts asa materies morbi. This sub- 
not identified, but between the substances of the food on the 

se hand and the excretions'of the skin and kidneys on the other, there 
wide field for the ion of abnormal products, which may be 

t has been supposed by Dr. Todd and others, 
materies morbi is lactic acid inthe blood. This, however, 
problematical, but it is very certain that an abnormal 
the blood is the most general antecedent of rheumatic 


often su 
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condition 
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to be an absolute cause of rheumatism, 
certainly @ case, as out of half a dozen men exposed 
degree of cold only one may have rheumatism. This 
is also not more prevalent in hot climates, as compared with 
be accounted for on the supposition of other 
cold producing the disease. That cold is an exciting cause 
is already predisposed there can be no doubt. 

rheumatism,—Dr. Haygarth, on being asked what was 
remedy for acute rheumatism, is said to have ied, “ Six 
The sagacity of this reply can be best esti when the 
of acute rheumatism has Pe Blood-letting, 
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cured cases 


Pian will ppl his treatin The symptoms of disease of the 


should 
- is now seldom 
and. alkalien to act on 


of potassium, and bark, and guaiacum, with other 
and stimulants, are valuable remedies. Cold bathing and mineral 
for some cases. 
Dr. Elliotson, whether rheumatism be acute or chronic, 
should be the same: “ You have only to make 
to ascertain whether it is the inflamm form of 
whether the parts are hotter than they should be, and 
harm; or whether the parts are cooler than they should be, 
In the one case he recommends antiphlogistic 
in the other stimulants; under the antiphlogistic mea- 
comprehends bleeding administration of colchicum, 
be continued till it purges the patient. During the whole 
treatment cold, lotions are applied to the inflamed joints, 
rheumatism the joints are kept hot with 
i ointments and liniments, while 
— beginning with half-dram doses, 
Ellioteon 
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great port a e, ta 


nervy 


hem: is frequently obtained by the 

— heat to the part affected, as in wrapping up the head in 
Should the pain evince a tend to return every evening, a 

just previous to the 
two or three hours, a similar dose 
that one grain of stramonium for 
a charm in this affection. In rheuma- 
hot, and the pain is not increased by 
ing have been found of great service. 
and contracted, from long-continued in- 
and i 
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. [Cumysornaxic Actp.] 
RHODALLIN aaeet) 
RHODANHYDRIC ACID. Synonymous with Hypnosvuirno- 


- &§ with SuLrHocYaNoGEs, 
RHODEORETIC ACID. [Coxvoryuric Acip.} 
RHODEORETIN. [(Coxvotvunm.] 

RHODEORETINOL. [Coxvotvutmorte Acip.] 
RHODEORETINOLIC ACID. [Convotyunrsonic Actn, 
RHODIUM (Ro), a metal discovered by the late Dr, Wo 

1803, and named from rhodon (é8ov, a rose), on account of the colour 

metal exists in combination with plati- 


of one of its ogg nec : 

‘num. epee ey: to lysis of Berzelius, the ore of Colombia 
contains near! and a half per cent., and that of Siberia only 1°15 
Per cent of rhodiow. When the greater part of the platinum and 


m in 


palladium have been separated from the solution of the native grains, 
by the addition of chloride of ammonium and ide of mercury, a 
plate of iron is to be immersed in the residual solution, and by this 
the rhodium, with small quantities of platinum, copper, and lead, is 
thrown down in the metallic state. In order to render the rhodium 
pure, it is first digested in dilute nitric acid, which dissolves the copper 
and lead, and the rhodium and platinum are then to be dissolved in 
aqua regia mixed with some common salt, and the solution is to be 
evaporated to dryness. By this operation there are obtained the 
double chloride of platinum and sodium, and rhodium and sodium. 
The former is to be dissolved in alcohol, and the latter afterwards in 
water, when a plate of zinc immersed in the solution precipitates 
the rhodium in the metallic state. The metal thus procured is in the 
state of a black powder, and requires the strongest heat of a wind- 
furnace, or better the oxyhydrogen blowpipe, for fusion. It is less 
fusible than platinum. 

Rhodium is white ; has a metallic lustre ; is extremely hard ; specific 
gravity 12°1 ; and is ductile and malleable. It is not dissolved by any 
acid or by aqua regia, except when it is alloyed by other metals ; and this 
circumstance accounts for its being dissolved, when alloyed with pla- 
tinum, in the native grains of this metal. It suffers no change by 
exposure to air, either dry or moist, The equivalent of rhodium is 52°16, 

Oxygen and Rhodium form two compounds. They cannot be made 
to combine by direct action. The protoxide has not yet been obtained 
in a state of purity. When finely-divided rhodium, mixed with 
potash and a little nitre, is heated to redness in a silver crucible, the 
metal is oxidized, and becomes of a brown colour, and is mixed with 

tash ; the mass is to be washed with water and then treated with 

ydrochloric acid, by which hydrated peroxide of rhodium is left, of a 

greenish gray colour. It contains Ro,O,. When this peroxide is 
peers it becomes black,and is then probably converted into pro- 
toxide. : 

Chlorine and Rhodium probably unite in three proportions, but the 
perchloride (Ro,Cl,) only has been hitherto obtained in a separate state. 
It was procured by Berzelius by adding silico-hydrofluoric acid to a 
solution of the chloride of potassium and rhodium, as long as the 
double fluoride of potassium and silicon was generated, after which 
the filtered liquor was evaporated to dryness, and the residue redis- 
solved in water. The remaining perchloride thus obtained has a dark 
brown colour, and when h to redness, chlorine is evolved and 
metallic rhodium obtained. The aqueous solution of this salt is a 
fine rose-red colour, whence the name of the metal which it contains. 

This salt forms double compounds, called rhodio-chlorides, with the 
chloride of potassium and of sodium. 

Sulphur and Rhodium may be made to combine by heating them 
ee the metal being in a state of minute division. The proto- 

phide (Ro 8) formed fuses at a white heat without decomposition, 
has a bluish-gray colour, a metallic lustre, and by the action of nitric 
acid is conv into sulphate of rhodium, Sesqui-sulphide of rhodium 
(Ro,S,) may be formed by yp the ammonio-chloride of the metal 
with sulphur, or by heating its solution with sulphide of potassium. 

Salts of Rhodiwm.—The salts of the peroxide only have been formed. 
Their general properties are but little known. 

Nitrate of ium is obtained by dissolving the peroxide in the 
acid : it is of a deep red colour, and uncrystallizable. 

Sulphate of Rhodium is procured, as already mentioned, by acting 
upon the sulphide with nitric acid. The solution is of a fH red 
colour, and does not yield crystals, When the caustic alkalies are 
added to the solution of this or the otlier soluble salts of rhodium, a 
precipitate of the hydrated sesqui-oxide of a greenish-yellow colour 
is obtained after some time; the alkaline carbonates produce no 
effect, nor does sulphurous acid, nor the ferro-cyanide of potassium. 
Hydro-sulphuric acid throws down sulphide of rhodium; but the 
yaosnlotiaten of ammonia and potash produce no immediate 'pre- 
cipitate, 

yrs of Rhodium.—When combined with steel to the amount of 
only two per cent., it gives the steel great hardness without causing it 
to crack under the hammer. Dr. Wollaston examined several of its 
alloys, and, on account of its hardness, he suggested its employment 
for the nibs of metallic pens; to which purpose it has been applied 
successfully. It has not been combined with mercury. 

RHODIZONIC ACID (3HO,C,0,?). In the preparation of Poras- 
sium, a combination of that element with carbonic oxide is formed in 
considerable quantities. The composition of this compound is not at 
present very well understood. In the presence of moisture, however, 
it assimilates water, and is converted into the potash salt of an acid 
termed rhodizonic (pé5ov, a “ rose”), from the colour of its salts. 
Rhodizonate of potash forms oblique rhomboidal prisms of a bluish- 
green metallic appearance. It is insoluble in alcohol or ether, but 
readily soluble in water, yielding a deep red solution ; it is inodorous, 
tasteless, and tolerably permanent in the air. On the addition of 
sulphuric acid to the potash salt, rhodizonic acid is set free, and may 
be obtained in bluish-black crystals. 

Croconie acid (2HO, C,.,0,), so called from the yellow colour of its 
salts, is a product of the action of a temperature of 212° ahr. upon 
rhodizonate of potash. From the potash salt the acid may be set free 
by sulphuric acid, or, better, hydrofluosilicic acid, It crystallizes in 


| transparent, orange-yellow, inodorous, astringent, and very acid crystals, 
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RHODOTANNIO ACTD. 
Te is soluble in water of alcohol, and forms, neutral o acid salta with 


RHODOTANNIC ACID, [Taxyic Actbs.] 

RHOMB, RHOMBUS, RHOMBOID. These terms have been used 
in various significations by different writers, and the second and third 
have been sometimes from each other in meaning. It is 
not worth while to do more than state, that when either of them is 


now used, it an équilateral oblique elogram. The Latin 
dictionaries define rhomboides to be a elogram, and rhombus an 
nui jelogram. 
ROBARS Aci 
RHUBARBARIC ACID. [Cunysornayic Actp.] 


RHUBAKBARIN. ([Cunysornanic ActD.] 
RHUMB, [Rome.) 
RHYME. Johnson derives this word from the Greek rhythmus 
). Others derive it from the Swedish and Danish rim, the 
itch rym, and the German reim. All the principal European nations 
use the same word to signify the same thing. Thus, the nch have 
rime, the Italians rima, and the Spaniards rima. The Greek and 
Roman poets did not use rhyme, and the word rythmus was applied by 
both, in its poetical meaning, to the metrical arrangement of syllables, 
and not to the correspondence of sound in their terminations. Rhyme 
was not used either by the Celtic or by the early Scandinavian nations, 
Thus the Irish and Erse poems on which Macpherson founded his 
* Poems of Ossian’ are without rhymes, as is the Scandinavian 
poem of the ‘ Lodbrokar Quida’ (Lodbroc’s Death-Song). Rhyme, as 
an accompaniment of verse, cannot be traced farther back among 
European nations than to the rymours of Normandy, the troubadours 
of Provence, the minnesingers of Germany, and the monks, who, after 
the fall of the Roman empire, added rhyming terminations to the 
Latin metres which were chanted or sung in the church service. 
Rhyme was early employed by the Italian poets. The ‘ Divina Com- 
media’ of Dante, the oldest of the t Italian poems, is in alternate 
rhymes, The early Spanish bal sometimes have rhymes, some- 
times only assonances [AssoNANcE], and sometimes, as in the old 
oe romance of ‘ The Cid,’ are without either rhyme or assonance, 
early Anglo-Saxon en, is without rhyime, but it is sometimes 
used in the later, All the old English poetry has rhymes, which are 
rude and imperfect, like the versification, but they are obviously an 
junct to the verse which could not be omitted. 
ect rhymes arise from the identity of sound with which different 
words terminate—the identity, not the similarity, In monosyllables, 
or words which have the accent on the last syllable, to constitute a 
rhyme it is necessary that the sound of the last accented vowel 
and of any letters which may follow it should be exactly the same as 
those of the word with which it rhymes. The sounds which precede 
the last accented vowel must be different in the two words. The 
spelling is of no consequence; the rhyme is in the sounds, not in the 
covventional signs by which the sounds are expressed. Thus no 
thymes to 20, but not to do, which rhymes to too or two ; great rhymes 
to hate, but not to heat, which rhymes to fleet; and so on. If the 
sounds of the last vowels, or of any of the following consonants, differ 
in any degree, however small, the rhyme is so far imperfect; thus, 
love and move form an imperfect thyme, the sound of the o in love 
being not only shorter than that of the o in move, but to a certain 
extent different. These monosyllable or last-syllable rhymes are called 


sates 
class of rhymes is formed from words in which the accent 
is on the last syllable but one. In this class it is requisite that the 
sounds of the vowel in the last syllable but one and of all the 
following letters should be the same as those with which they rhyme. 
Thus, desiring and respiring, descended and extended, are perfect rhymes 
of this class, These are called female rhymes. 

The jag” 20 of rhyming, once understood, the application is easy in 
all cases. us, if the accent is on the last syllable but two, the 
sound of the last vowel of the last pce but two, and of all the 
following letters, must be the same. Thus, sensible and eztensible are 

rhymes of this claas, but dissolute and resolute are imperfect 
rhymes, the vowels in the last syllable but two of both words having 
‘The iple of rh lies to all th ‘languages 

The same principle of rhyming applies to all the modern lan 4 
as well as to the English. Tunperbect rhymes are more or less freely 
used in all of them, according to circumstances, The English and 
German languages, which abound in consonants, and have for the most 
rt consonant terminations, are more deficient in rhymes than the 

italian and Spanish, which abound in vowels, and have for the most 
vowel terminations, ; 

RHYTHM (‘Pududs, measure, proportion), in Music, is Time ; first, 
in a limited sense, as in the relative proportions of notes in a single 
bar; and, secondly, in a more general sense, as in the relative propor- 
tion of a number of bars in any given portion of a composition, as in 
either half of a minuet or of a march. Rhythm’ is the most im- 
portant constituent of music; without it inarticulate sounds are 
unproductive of any musical effect. [Mvstc.] In melody, that is, a 
succession of measured sounds, notes are the component parts of a bar, 
and bars are the component parts of a strain, or musical period, or 
phrase, The due relative proportion of all these is absolute’ 
necessary in the formation of a good musical composition; without i 


who seems to have possessed a most discriminating and refined 


says one 
taste in the art,— 
‘ How sour sweet music is 


When time is broke, and no proportion kept !’” 
Richard IT, 


Musical Rhythm, in its limited sense, divides a bar into 2, 4, 8, &e. 
or 8, 6, 12, &e. equal parts; the former is binary measure, the latter 
ternary. In its more general sense it divides a strain, a phrase, or by 
whatever name the subdivisions of a composition may be designai 
into equal portions of 2 or 4, &c. or 3, 6, &e. bars, or measures ; and 
some writers have admitted a rhythmus of five bars. An e 
acquaintance with the nature of rhythm, whether considered in its 
relation to music or poetry, is essential to the me composer ; 
without a full knowledge of this he is exed by doubts, and guilty 
of errors which -have too often brought reproaches on the art, when 
they ought to have fallen on the pseudo-artist. Our limits however 
will not allow us to extend this article; and we refer the reader, 
particularly the professional one, to a learned and able disquisition on 
rhythm in Burney’s ‘ Hist.’, vol. i, p. 71; to Callcott’s ‘ Musical 
Grammar,’ where much practical information from Riepel and other 
German writers is to be found; to Kollman on ‘Harmony;’ and 
more especially to Reicha’s ‘ Traité de Mélodie,” [Purase; Tre. 

RIBBON MANUFACTURE, Ribbon, or riband, signifies a lo 
narrow web of silk worn for ornament or use. Ribbons of linen, 
worsted, gold, or silver thread were sii f included in the term, 
hut the designation is now generally confined to those made of silk. 
Ribbon, in German, is band; Danish, baand ; Swedish, band ; French, 
ruban ; Dutch, lint ; Russian, lenta; 8 , cinta; Portuguese, jita 
di seta, from the Latin vitta ; Italian, del nastro, fettuccia. 

Silk was early wrought into ribbons, They formed a branch of the 
silk manufacture during its progress from Greece to Sicily, and from 
thence to Italy and Spain ; but the ribbon trade seems first to have as- 
sumed distinct importance in France. Paris, Tours, Lyon, and Avignon 
were the chief seats of the trade; the two last cities were rivals until 
the year 1728, when, partly owing to the regulations which the jealous 
Lyonnese had prevailed upon the government to make in their favour, 
and partly to a plague of two years’ continuance, the trade of Avignon 
was ruined, and in great measure transferred to Le 1 
ribbons were made chiefly at Paris. About the year 1680, there was 
a rage for ribbons gauffrés, or embossed, on account of their novelty. 
The stamping was performed by hot plates of steel, on which a pattern 
was engraved, being applied sticcessively along the piece. A master-— 
weaver natned Chandelier, tired of this slow contrived a 
machine which would save his labour. He engraved figures on 
two cylinders of steel, between which, when heated, the ribbon was 
compressed and drawn rapidly by simple machinery : so that a piece 
of ribbon was embossed in less time than his brother workmen con- 
sumed over a single ell. , The ribbons called double lisse (double warp), 
which were considered the richest and best, were made at Tours. 
Before the revocation of the Edict of Nantes, the ribbon-looms of 
Tours amounted to 3000; but this measure, which banished the 
Protestants, banished with them their trade, and both Tours and Lyon 
suffered severely from its effects ; the trade of Lyon afterwards revived, 
Savary, en -general of French manufactures, in his ‘ Dictionary, 
published in 1723, says, that the trade in ribbons was much diminished 
in his time; but it became very large in the next generation. In the 
enumeration of the different kinds of ribbon, a double satin is men- 
tioned, that is, one alike on both sides in texture, although sometimes 
of ditterent colours, 

Coventry is the head-quarters of the English ribbon-trade. The 
weaving is done on several systems. The undertaking system applies 
now only to the single-hand trade in the country districts—Bedworth, 
Nuneaton, Har , &c.: it is the same that the French have employed 
since the days of Colbert, According to this plan, the und er, or 
master-weaver, receives the silk dyed in the hank from the manu- 
facturer, and returns it in finished ribbons to his order; all the inter- 
mediate o ons included in the price of weaving, two-thirds 
of which are paid to the journey-hand for iis labour. Three-fourths of 
the single-hand weavers are wonien, and nearly one-half of the remainder 
ont ae Boys and girls are rac page eos weavers 
at 16 or 17. On the journey work system, by which the it proportion 
of the engine-looms a Coventry and its ihexghbourhobé aie worked, the 
manufacturer gives the silk, ly wound and w to the first- 
hand journeyman, who is also the owner of the looms. The shoot-silk 
is given in hank, for the winding of which the manufacturer allows 1d. 
per 0z,, besides the price for weaving, in which is included the filling, 
or the winding of the shoot on the small revolving pins within the 
shuttles. About one-fourth of the hands employed on this system are 
women, On the hand-factory system the manufacturer is the owner 
of the looms, The journey-hands work them in the loom-slfop of 
the proprietor, who gets the winding and warping done at his own 
charge, leaving only the filling to the weaver, which is included in the 
price of his work, and is often done by very young children. This plan 
is adopted by many manuiacturers of small capital, who, by personally 
Superintending the work, and becoming in fact their own under- 

ers, are enabled to economise to the utmost in the cost of pro- 
duction ; while theix hands até all reduced to the lowest condition of 
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weaver—the journey-hand, who supplies the labour, and has no 
propre hem A modern innovation, encouraged by the last 
system, is the employment of two hands to a loom, the one being 


occupied uninterruptedly in shooting down, or passing the shuttle, 
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ing out knots, &. On Seremenrey wien, see manu- 
facturer every preparatory process done, y the steam-power 
Gohaif of the weaving process itself—the hooting down : all that is 
left for the weaver being the picking up and superintendence. The 
steam-power to silk-weaving was long con- 
sonia, ao a portion of time being 
handling and trimming of the silk, in proportion to 
and a uent waste of power. 
entry in 1831, for the purpose of 
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patie. Bengal, and Broussa (a Turkish silk, produced at 
or Broussa, in Asia Minor) singles, all English thrown, are used 
praee = hot. Bengal cannot be used for fine colours. Marabout 
used for Much of the silk-throwing and dyeing is done at 
Coventry. the silk is dyed soft,—that is, when the gum is boiled 
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about ninety years ago. In 
only, several are woven at 
as many as twenty-four of the 

te shuttle. The batten extends 
the whole width of the loom ; the shuttles slide within grooves 


roller, over whi 


The sleigh ia an instrument 
like a comb, for the separate, There are corresponding 


troduced into St. 


Etienne by two Swiss brothers ahout years ago. It has largel 
contributed to the prosperity of ths Sino? bas! bevthiors died 


oe = It is a hand power-loom worked by means of a 
transverse or bar, which extends al the front of the 
loom, and is connected with wheels on each side, which communicate 


the motion. The shuttles are driven by means of a rack and pinion 
across the warps. j The advantage of the bar-loom consists in the saving 
of labour by the intervention of mechanical means, instead of applying 
manual power direct to the usual operations of weaving. From twenty- 
eight to thirty of the narrowest and from six to eight pieces of the 
broadest width are made at once: about eight ells of the former per 
day, and from three to four of the latter. 

Several hand power-looms for ribbons have been contrived and 
adopted, in all of which the requisite movements are performed by a 
combination of levers, springs, cranks, and wheels. 

Figures on ribbons, as in other fabrics, are chiefly formed by omitting 
the regular crossing of the warp and shoot in such a manner that a 
difference of texture shall occur in the web so as to mark out any 
pattern. This is effected in the single-hand loom by a multiplication 
of treadles connected with the lisses by which the different portions of 
warp are alternately raised. Forty treadles have been sometimes 
required to form an intricate pattern, Small figures produced in this 
manner are called /eys. To execute more complicated patterns, tires 
or draws are used. Tires are cords hung over the top of the loom, and 
pulled by the hand as the figure may require; they work like the 
treadles, by raising the lisses, through the eyes of which are passed the 
threads to form the pattern. Small patterns are still largely made in 
the single-hand looms by means of treadles and tires. The French 
single-hand loom of this description is called hautelisse. This was the 
name of the loom used in weaving the best tapestry, in which the warp 
was stretched perpendicularly, and hence it came to be applied to other 
looms for weaving The production of a large pattern in this 
manner is difficult tedious, Many skilful contrivances have been 
devised by weavers and others for facilitating the operation, and among 
others the draw-boy ; but they were all superseded by the introduction 
of the Jacquard machine, [Jscqvarp Apparatus. ] 

The work is ordinarily given out in sets of grosses, consisting of two 
warps for each shuttle, each warp containing two pieces of 36 yards, 
The ribbons are cut out in pieces of 86 yards if they are of satin, and 
in half-pieces of 18 yards if they are sarsenets or gauzes above the 
narrower widths, A set of pieces cut out of a loom is called a length 
and a set of half-pieces a half-length. The putting in of a fresh set of 
warps is a tedious operation, which requires from two or three to four- 
teen days, and 1st nee nara, the earnings of the weaver, A 
simple change of pattern, however, is often effected with very little 
loss of time. Whenever it is practicable, the ends of the new warp are 
fastened to those of the old before it is taken out of the loom, whereby 
the labour of passing them separately through the eyes or mails of the 
lisses is saved : this is called twisting in. 

Ribbons are made according to a fixed standard of widths designated 
by different numbers of pence, which once no doubt denoted the price 
of the article, but at present have reference only to its breadth. The 
French distinguish their widths by simple numbers. Thus the English 
ribbons from a quarter of an inch to about 44 inches wide are called 
from penny width to forty-penny width; while the French have figures 
from No, 1 to No. 60. "All. dressed ribbons, as satins, gauzes, &c,, are 
made in the loom one-twelfth of an inch wider than sarsenets, in order 
to allow for the diminution of breadth which results from the length- 
wise stretching they receive in the operation of dressing. Fine gauzes 
require an allowance of two-twelfths, The French ribbons were 
made formerly in pieces of 12 ells; their length is now the same 
as that of the English. French fancy ribbons are generally made and 
sold in garnitures ; that is, a broad and narrow piece taken together of 
the same pattern. 

Sarsenet and lutestring ribbons are made by the simple and regular 
alternation of the warp and shoot, as in plain cloth, called technically 
ground. Lutestrings are sarsenets above the width of 12d., and in 
general of stouter make. By grogram (French gros-grains) is meant a 
variation in the texture, caused by the warp-threads passing over two 
of the shoots at once, taking up one only: this often finishes the edge 
ofaribbon, In satin ribbons, the Blossy a is given by the 
threads of the warp being laid chiefly on the surface, each thread of 
the warp being crossed by the shoot only once in five times, as in 
5-liase satin, or once in eight times, as in 8-lisse or the superior satins, 
French satins were formerly made from 6-lisse to 10-lisse. Satins 
are woven with the face downwards. The French satins are lighter 
in make than the English, but have a peculiar richness and lustre, 
o to their superior silk, French ribbons in general have less 
pare of silk than the English. The transparency of gauze ribbons 
is uced by the kind of silk of which it is —the fine hard- 
twisted marabout, which leaves the interstices clear. One warp thread 
only passes between each dent of the sleigh, and these are closer 
together in general than lutestrings and satins. In fine gauzes, there 
are 80 or more dents, and from 90 to 120 shoots to the inch. The plain 
gauze ribbons made at Coventry called China gauzes are chiefly those 
used for mourning—white, black, and lavender, with satin or ground 
stripes. Vlorets, ta ffeties, loves, and petershame, are other kinds of gauze 
ribbons. These ribbons all belong to the plain trade. The fancy trade 
comprises the manufacture of the same fabrics figured, under the heads 
of figured sarsenets, satins, gauzes, &c, The figures are frequently pro- 
duced in a different colour from the ground by the mixture of colours 
in the warp, the colours being warped separately. In the intervals of 
the figures the coloured threads are carried along the under side of the 
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said to have a double niger Agurs accordin; —— 

ing thro lent. In some ribbons— 

~~ aca Pikes enals are cut away by the scissors after 

made. This is called clipping. ange of colour in 

is effected by the use of different shuttles; in brocades the 

is made by small additional shuttles, thrown in ially across 

ribbon as the pattern require, the connecting of shoot 
eli By 


ma) 
off, hay is meant the laying of the warp over 
the shoot to form the figure, in the manner of satin. The patterns are 
, but more frequently combinations of leaves, 
* In the superior French ribbons, groups and wreaths 
of flowers are executed with the richness and variety of hand-embroi- 
dery. The French are continually introducing novelties in sanccn, | 
ood ka tuhire Some fancy ribbons are of a plain texture, but vari 
in ogee, pay are shot or woven in shades, stripes, bars, or 
cheques, in the trade plaids; these last, which require the 
shuttle to be changed very frequently, are still made in the single-hand 
loom. In shot ribbons the warp and the shoot are of different colours. 
A peartedge is frequently given ‘to all kinds of ribbon except the 
narrower widths of sarsenet. This is formed by the shoot passin 
horse-hairs placed outside the warp parallel with it, an citend 
the lisses; as the hairs are drawn out, the silk is 
at the edge. Many varieties of ornamental , as 
; &e., are produced by drawing in. The shoot in this 
the edge of the ribbon, catching in an additional 
, sometimes of a different colour, which it draws in in its 
which is delivered from a bobbin at the back of the loom, 
@ manner darned into the ground wae ribbon. pweg nd is 
management in the dyeing, by which a change of hue is pro- 
of silk. The “alk, already warped, is tied up 
with packthread at regular intervals of more 
that the intermediate spaces only are pene- 
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RICE; RICE-MILL, _ 


RICE; RICE-MILL. In the article Oryza, in Nat, Htsr. Dry.,, 
account is given of the botanical character, and under Oryza in the 
present division the mode of cultivation is described. In order to 
remove the husk, which adheres very closely, without breaking the 
grain itself, several ingenious machines have been recently introduced, 
of some of which it is proposed to give a brief notice. : : 

The common mode of performing this operation in India and China, 
is by beating the grain in a kind of rude mortar of stone or earthen- 
ware, with a conical stone attached to a lever worked by the hand or 
foot. Sometimes several such levers are moyed by arms projecti 
from the axis of a water-wheel. This process being uncertain ar 
tedious, the preference has been given of late to a kind of mill, in 
which the stones are placed at such a distance asunder as to detach the 
shell without crushing the grain; the stones being enclosed in a 
which prevents the dispersion of the rice by the rapid rotation of 


sifting and winnow 
will 


remaining on the surface of the grain. This process is aided by the 
heat generated by the rapid motion of the grains, causing them 
swell and split the red skin, which flies off in dust through 
forations in the revolving case. With such accuracy are these pro- 
cesses performed, that it is said not more than five per cent. of the 
grain is broken in the operation. 

The method of cleansing rice es described has been practised in 
Ceylon with British machinery; but other plans have been followed in 
this country, where, owing to the difference between the duties on 


one species of fancy ribbon, called Chiné, the 
or painted on the warp after it is prepared for the 
afterwards woven in by the shuttle; others are embossed, 
watered by passing two pieces together between two c lin- 
which has a heater within it; the irregular ure of the 
of the two surfaces of silk against each o produces a 
appearance. To smooth and stiffen satin ribbons, they are 
calendered, or pressed between heated steel cylinders, and afterwards 
or passed over a small cylinder covered with flannel,-which is 
moistened with a size made from buffalo hides, and then over a large 
one of heated steel. Gauzes also are dressed, and sometimes even lute- 
i The French goods are in general better dressed than the 
The oe of the finished ribbons, or the winding them 
on cylindrical pieces of wood, is generally done at the warehouse of the 
manufacturer. Galloons and doubles are strong thick ribbons, princi- 
pally black, used for bindings, shoe-strings, &c, The narrow widths 
are called ; the broader, doubles. Italian silk is used in 
making the qualities only, Bengal for the commoner. Ferrets are 
narrow ribbons shot with cotton, used for similar purposes. 
veleéts are manufactured in Spitalfields, and at St. Etienne: 
they are also made at Crefeld, in Rhenish Prussia, which has long been 
of the velvet manufacture. In and silver ribbons, 
similar colour is Wound round by a flattened wire of 
afterwards woven. Lyon was at one time particularly 
for its fabrics of this kind. 


cleaned rice and paddy, or grain in the rough state, and the better 
preservation of the flavour of the rice when brought over in the husk, 
several large rice-cleaning establishments have been gradually brought 
into operation. The process of Messrs. Lucas and Ewbank consists in 
breaking the husk by millstones, and removing the red cuticle by 
beating or triturating in mortars ; the latter operation being aided by 
mixing a quantity of the husks, well dried, with the grain, which 3 
obviates an inconvenience occasioned by the glutinous character of the a 
red coating. The refuse matter and the broken grains are then sepa- 
rated by a peculiar kind of screen; and the rice is finally cleaned and 
polished by a machine with two concentric cylinders, the outer one 
remaining stationary, while the inner one, which is covered with sheep- _ 
skin Md — oe is = to se with great velocity. e 
rice, being p tween the two cylinders, is thoro; whitened 
by the friction of the wool. ? ; mages f * 
In the apparatus patented by Mr. Shiel, the first operation is per- 
formed between one millstone and a piece of wood of precisely similar 
shape ; and the subsequent removal of the dark pellicle is effected by _ 
rubbing between flat wooden surfaces covered with sheepskin. Mr. 
Ewbank places the wool outwards, Mr. Shiel has it next the wood; its 
elasticity producing an effect very nearly resembling the rubbing of the 
grain between the palms of the hands. 
Another ingenious contrivance, first used in the United States, con- 
sists of a long hollow cylinder of wood, with several bars projecting 
from its inner surface, and ciate ie axis on which are several other 
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ribbon manufacture the labour is nearly the same for the 
inferior goods, the difference consisting principally in 

which they are made, Cheap ribbons are generally made 
the warp silk, which is the most expensive, and making 
of the ribbon with a larger proportion of the cheaper 


are certain small wares which may be briefly noticed here, 
character between cords and ribbons, and yet more complex 
. Theseare gimps, twists, fringes, chenilles, &c. ; in which the 


trivance, a looping-machine invented by Messrs. Keely and Wilkins, 
while one arrangement is suitable for the making of stockings and 
iloves, another is intended for the making of braids, several at a time, 
and of one, or of several A third modification of the same 
A cree enables the manufacturers to plate or cover any cheap kind of 

with thread of a better sort. A machine invented by Messrs, 
Hughes and Denham is intended equally for the making of fancy 
ribbon, fringe, chenille, trimmings, and gimps. There is no actual 
dopt cha aap pp ‘ of the nana somewhat 
appara very complex, consisting of many parts 
other. A ground thread is sometimes Sone’ of 


feeding the machine with strips of tarlatan, muslin, 
quilling asa ground, and then winding silk thread round them, 
ire groundwork may be used for making chenille; and minor 
adjustments will furnish the means for making an almost endless 
of fancy goods, . 


bars capable of revolving between those attached to the cylinder. By 

suitable toothed wheels the cylinder is made to revolve slowly in one 
direction, while the axis is turned with great rapidity in the contrary 
direction. The whole being placed in an inclined position, the paddy 
is allowed to enter the upper end of the cylinder by a hopper ; and the 

mutual attrition of the grains, as they pass between the revolving bars, 

causes the separation of the husks, which are removed by a current of 

air as the grain falls into a bin under the lower extremity of the 
cylinder, The rice passes out of the bags by apertures capable of 

being enlarged or reduced at pleasure by means of sliding doors; and 
the action of the machine may be further regulated by varying the 

inclination of the cylinder, which may be placed vertically or hori- 

zontally, though an angle of about 45° is preferred. 

Rice is, as is well known, chiefly used as food, but it is also employed 
to some extent in the arts. A cement is made from it. Rice-paper is 
aname commonly, but erroneously, applied to a delicate vegetable 
film brought from China in small square pieces, tinged with various 
colours, and used as 4 substitute for drawing paper in the representa- 
tion of richly coloured insects or flowers, and also in the manufacture 
of artificial flowers and other fancy articles. This substance, a mem- 
brane of the bread-fruit tree, though much resembling an artificial 
production, is evidently of natural growth ; for its vegetable organisation 
is easily seen by the aid of a microscope. Sir D, Brewster 
‘Edinburgh Journal of Science,’ vol. ii., has shown that the rie 
consists of long hexagonal cells, whose length is parallel to the surface 
of the film; that these cells are filled with air when the film is in its. 
usual state ; and that from this circumstance it derives that peculiar 
a which renders it so well adapted for the purpose to which t is 
ap 

The quantity of rice imported into this coun’ 


varies very much, 
fittean youre’ 


owing to the fluctuations of the crops. During the last 
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Sein tictes Anas cncenption + teeve tos querally boon a ll reer 
h w ion ; there ly a still la 
_ qual imported si for rtation, insomuch that the total 
: ) 1858 was more than 3,600,000 ewts. This is‘Tice, “not in 
_ the husk,” to use a Customs’ phrase. Rice in the husk, or paddy, is 
entered . Before the year 1842, cleaned rice paid a duty of 
ls. per ewt. if from our own possessions, and 15s. if foreign. Since 
_ that year the duty on colonial and Indian rice has been lowered from 
1s. to 44d. ; and on foreign from 15s. to 44d. The lowering of the duty 
___ has been followed by a rapid increase of consumption. Paddy pays a 


lower than cleaned 
RICINELAIDIC ACID (C,,H,,0,), Palmie Acid. When ricine- 
with boili lye, the soap subsequently 


laidin is i boiling 

with salt, and then decomposed by hydrochloric acid, 
A acid separates as an oily body, that solidifies on cooling to 
 werystalline mass, which may be purified by repeated isation 
from alcohol. It presents the eee of silky needles, which 

___-redden litmus and are soluble in roportions in alcohol and ether. 
__ RICINELAIUDIN (C,,H,,0,,), Palmin. A uct of the action of 
by acid upon castor oil. It is a wax-like body with an odour 

of enanthyl. It is very soluble in alcohol and ether. 

R OLAMIDE (C,,H,,NO,). A colourless, crystalline, fusible 
substance, produced by acting upon castor oil with ammonia. Mineral 
acids decom, it in the cold, setting ricinolic acid at liberty. 

RICINOLIC. ACID (C,.H,,0,), Blaiodic Acid, The liquid fatty 
acid obtained by ifying castor oil. It is soluble in all proportions 
in alcohol and ether, reacts acid, and decomposes carbonates with 
effervescence. 

_ RICINUS COMMU’NIS, the castor-oil plant, known from very 
ancient times both to the and also to the Greeks. According 
to Herodotus (ii. 94), the jans called the oil of the sillicyprion 
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to be originally from a 
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of it are met with, differing not only 
in 


In warm countries it is ligneous and ial ; 
epee eae’ pacha ior mer 
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the oil 
bottled for use, The quantity of nuts 
tioned ula o quart bottle of 
"Th in the United States and the West Indies 
hs el oeaeahln tocon ge fae only heat but water, which 
pro the of the oil. The acrid property and the 
SCL DIV, VOL. VIL. 


rancidity are owing to different causes, the former being always in 
proportion to the freshness of the oil, the latter to the imperfection of 
the means used in extracting it, or to its age. The plan adopted in 
France is the best; it is as follows :—The fresh seeds are bruised, and 
then put into a cold press (some persons improperly heat the plates of 
the press). The oil expressed is allowed to stand some time to permit 
the albumen, mucilage, and other matters to subside, or it is filtered to 
separate them more rapidly. (‘Journal de Pharmacie,’ tom. y. pp. 
207, 506.) The produce is equal to about a third of the sine 
employed, and the oil possesses all its natural qualities. The American 
process yields only 25 per cent. of oil, In the French West Indian 
Islands, a peculiar ‘variety of Ricinus, called 2, ruber, more active, is 
used, which yields an oil called carapat, or karahat, but this is violent 
and unpleasant, and must not be confounded’with or substituted for” 
the fine oil procured in France. Both the French and Italian oils are 
much weaker than oil procured from tropical countries. Another 
mode of obtaining the oil is to macerate the bruised seeds in cold 
alcohol, by which six ounces of oil are procured from every pound of 
seeds, ~ (‘Journal de Pharmacie,’ viii. 475.) The expense of this 
process is the objection to its general employment. 

Oil of good quality is a thickish fluid, of a very pale yellow colour 
(the best now almost limpid), with a slightly nauseous odour, and an 
oily taste, mild at first, but causing a feeling in the back of the throat 
which is more or less intense in proportion to the freshness of the 
specimen. Old or badly prepared oil is rancid and disagreeable. The 
specific gravity is, at 55° Fahr., 0°969, according to Saussure, but 
according to Geiger it is only 0°954. 

It can be solidified only by a very low temperature. It is distin- 
guished among fixed oils by its complete or nearly complete solubility 
in pure sulphuric wther and in alcohol, thereby approaching the 
essential oils in its habitudes, and its easy combination with alkaline 


.leys, and consequently its ready saponification, two properties of much 


importance, the one furnishing a convenient test of its purity, the 
other facilitating its administration in a form less repulsive than its 
ordinary state. Its purity may be tested by mixing it with an equal 
uantity of absolute alcohol, in which it should be entirely dissolved ; 
the adulterating oil, if there be any, will remain undissolved. Its 
composition seems to be— 


Saussure, Ure. 

Carbon . . . + 74178 74°00 

Hydrogen . . « « 11°084 10:29 

Oxygen ° . . + 14788 15°71 

100°000 100°000 
It thus ap to be one of the most highly oxygenated oils or fats 
notwithstanding which, on exposure to the air, it very readily absorbs 


more oxygen, a becomes rancid; it is however slow of 
drying. It ia stated to consist of several proximate principles, but 
whether these are educts or products is uncertain. Bussy and Lecanu, 
who have paid great attention to the subject (‘ Journal de Pharmacie,’ 
xiii. 57) incline to the latter opinion, which is the most probable. 
“This oil,” they state, “cannot be regarded as a simple immediate 
principle, but as a compound organic product resulting from the 
mixture of at least two different substances.” The other view is that 
it is a compound of three fatty acids saturated by glycerin, for in the 
proceas of saponification 100 parts of castor-oil yielded— 


1, Patty acids (viz., ricinie, elaiodic, and margaritic acids) , « 
ST Gteelies ee a es a OR ee 
102 


Saalmuler admits only two fat acids and a little acrid resin. These 
acids are formed during saponification from Ricin-oleine and Margari- 
tine. 

The only analysis of the seeds is that of Geiger (‘Handbuch der 
Pharmacie,’ ii. p. 1671). 


Tasteless resin and extractive . « 191 

a, Seed.coats { Brown gum . ° . ‘ « »« 191 } 23°82 
Ligneous fibre . * . . + 20°00 
Fatty oil . . . . « « 46°19 

6, Nucleus of ) Gum . . ee a.te . + 240 {60.09 
the seeds, ) Caseum (albumen) e a o « 050 
Ligneous fibre, with starch, &c. - 20°0 

Loss (moisture) . . . . . . ° . 7°09 

100°00 


For further details respecting the chemistry of castor-oil, see 
Pereira’s ‘ Mat. Med.,’ ii. p. 1287, edit. of 1850. 

Castor-oil is a mild aperient or laxative when pure, operating 
without griping or other inconvenience, and commonly very soon after 
its administration. It is the most proper laxative for infants, and in 
many inflammatory states of the abdomen or of the kidneys, bladder, 
&e. It is also one of the best purgatives in rheumatism, especially in 
lumbago, and one of the best means of relieving habitual constipation, 
as, unlike other purgatives, the dose pt Mey successively reduced: 
without its power g impaired, It is a most eligible medicine 

@ 
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other affect rectum. Alone ith t the limbs by assuming ee ee 
Boao mvrbete « The, to support ea useer part of the ly and the limbs by irons, Such 


ing worms. The chief o le 


Mfieacious means of 
og here ive taste which it often 


to its extensive use is the possesses. 
Many expedients have been to remove or lessen this; but no 
artifice can make bad or old oil or palatable, Rancid oil may be 
purified by calcined magnesia; but the careful exclusion of the air, 
which prevents the rancidity occurring, is ble to any process for 
removing it when it has affected the oil. the oil, immediately 
before swallowing it, with hot milk, coffee, or broth, is sometimes a 
successful means of escaping the unpleasantness. Besides this the 
heat not renders the oi] thinner, bas quickens its action, so that 
a less q y is needed. Thus administered, about one-half the 
_ quantity will suffice which is needed when given in any cold vehicle. 
Brandy and in are improper in many cases, owing to their heating 
properties. Syrup of orange and lemon are beneficial adjuncts, 
jally if a portion of the orange-peel be masticated immediately 
br sagen: Ali the mixture. An emulsion with yolk of egg is some- 
times acceptable, if made immediately before it is administered. By 
far the best plan however is to take advantage of the tendency to 
combine with alkalies, and so form a soapy emulsion, which does not 
destroy the purgative power, while it completely alters the appearance, 
and prevents any one recognising the = object of his aversion. To 
effect this however requires care and skill, sy pre f as a variable 
uantity of alkaline ley is needed, according to the of the oil, very 
pd eee more ley than reabe In i hott anton ss - 
twen' o uor potasse will saponi an ounce of oil, 
to ox boggi po oes of distilled water, and one drachm of spirit of 
pimento or of nutmeg are to be added. 

Castor-oil is extensively used in the East, France, Italy, and else- 
where, for peg hem lately to make soap. 

RICKETS, or itis (from pdy:s, the spine), is a disease in which 
the bones being of unnatural softness, some of them bend under the 
weight of the superincumbent parts of the body, Bones affected with 
rickets present such a softness of texture that they may be cut with a 
knife; their walls are remarkably thin, and their interior, instead of 
being filled with marrow deposited in their bony cells, is occupied by 
a semi-fluid jelly-like substance of a reddish colour, which fills a 
number of rounded cavities of i size. The quantity of earthy 
matter in such bones is reduced to considerably less than its natural 
proportion, and they lose much of their normal weight. All the bones 
may be thus affected, but it is only those which have to bear the 
weight of the body that give evidence of it by bending; the arms, for 
example, never change their form, but the thighs and legs become 
arched forwards under the weight of the trunk; the spine assumes a 
variety of curves from the pressure of the head; the breast-bone 
becomes ent, and the ribs flattened; the haunch-bones grow 
outwards, and the pelvis is sometimes seriously deformed by an 

ximation of its anterior and or boundaries, 

icketa, as far as the softness of the bones is concerned, cannot be 
regarded as a dangerous disease; for this condition is generally re- 
covered from, though not without deformity of the trunk and lower 
limbs. But the disease of the bones is ager re Egle 
general state of disease affecting many other organs of the body. The 
muscles are always pale and weak, and there are all the signs of general 
debility ; and besides these, the brain and the organs contained in the 
chest and abdomen are peculiarly apt to suffer, and become the seat of 
fatal diseases, such as hydrocephalus, phthisis, obstruction of the 
mesenteric glands, Kc. 

The general symptoms present in cases of rickets are so much like 
scrofula, that many writers treat rickets but as one of the many forms 
in which scrofula presents itself. [Scroruta.] At any rate, in the 
treatment of rickets the same general plan is found to be equally 
efficacious. The causes of rickets are to be sought in an improper diet, 
and exposure to those conditions of life which prevent a due oxidation 
of the blood, and an imperfect assimilation of the food. It is more 
frequent in children living in 


by the 
may be 


acquire in the concavities of-the curves, upon which the chief stress 
from the freight of the body falls. otis 

Young persons are ~aapretty drones ject to rickets. It occurs at the 
age of two or three years, and from that time to pu , and as the 
curvatures begin to form as soon as the weight of the body is thrown 


‘imp 


measures however are, in a large majority of cases, full of mischief ; if 
they can ever accomplish their intention of sr wet I the head and 
trunk, it can only be by preventing entirely that active use of the 
limbs which is essential to the attainment of the proper hardness of 
the bones. It is constantly observed that the strength and density of 
bones are in direct proportion to the habitual exertion of the muscles 
attached to them; and as the latter are ‘made inactive by irons, the 
application of any such modes of restraint cannot but be injurious to 
those affected with rickets. 

When children first begin to walk, their legs not uently 
become a little bent. This is te eae: & the case with those are 
large, and have heavy bodies to bear ; but it is not to be regarded as a 
sign of rickets, and when the muscles of the limbs become oa 
and the bones in their natural process of development grow 5 
the curvatures will gradually disappear. The distinction between this 
kind of bending of the legs and that dependent on rickets may be 
made by the condition of the general health in each ; in the former it 
is unaffected, or may even be more than usually good, in the latter it 
is always weak and disordered. 

RICOCHET, a word expressing the act of rebounding, is applied to 
the mode of firing ordnance in which (the axis of the piece a 

el, or inclined ata small angle to the horizon) the shot or fe 
ving described a curve in the air, descends to the ground, and, after 
striking or grazing it, rises upwards; when, by the force of the 
on, and the power of gravity, it describes a second curve of 
small elevation; the shot, then descending as before, again grazes 
ground, from whence it experiences a second reflection, This effect 
frequently takes place several times before the force of impulse is 
destroyed, 

Ricochet firing is most generally employed in the attack of fortresses 
in order to enfilade or id the of works, whose fire might be 
directed upon the ground on which the approaches are to be made: 
for that purpose a battery of the besiegers is placed with its front 
perpendicular to the prolonged direction of each rampart or parapet, 
and three or more guns are laid either horizontally or with slight 
elevations or depressions, according to the position of the perigee 
that their shot may pass a little above the crest of the parapet w’ 
covers the line to be enfiladed. The same mode of firing is also 
occasionally employed by the besieged against the batteries of the 
enemy. In either case the intention is to dismount the artillery by 
causing the shot or shells to strike it obliquely behind the parapet or 
epaulement, or to destroy the traverses which cover it. It is also used 
to compel the troops to abandon the parapets, or to destroy the 
palisades of the covered-way or ditches, so as to facilitate the entrance 
into a work when an assault is to be made by main force. 

The practice of firing d-ricochet was first tried by Vauban at the 
sieges of Philipsburg and Mannheim, in the war of 1688; and in a~ 
letter which that engineer wrote to Louvais, he states that at the 
former place it had succeeded so far as to dismount six or seven 
pieces of cannon, and oblige the defenders to abandon a long branch of 
a hornwork and a face of one of the bastions in front of the ground on 
which the chief attack took place. The success of ricochet firing 
appears to have been still greater at the siege of Ath, which was con- 
ducted by Vauban during the same war. * 

It isa remarkable cireumstance that, soon after the invention of 
this method of firing, the changes which were made in the trace or 
plan of fortifications, though attended with many and great advantages, 
were such as to render the works more liable than those of former 
times to the destructive action of the ricochet. The great saliency 
then given to the ravelins, and the consequent acuteness of the salient 
angles, allow the prolongation of the faces to be easily observed by the 
besiegers while at a distance from the work ; and thus the guns in the 
ricochetting batteries are enabled to enfilade the faces in their whole 
length with great accuracy. The faces of the bastions were also 
lengthened about the same time; and in fortifications constructed on 
the inferior polygons, or those of few sides, there is a like facility of 
dismounting the artillery on those faces. The latter evil ceases to 
exist when the works are formed on the superior polygons, because the 
prolongations of the faces of the bastions may then fall upon the 
intermediate ravelins, and thus be invisible to the enemy; but, for the 
damage to which the long faces of the ravelins are exposed, no other 
remedy can be found than in the construction of traverses or 
on the terrepleins, or in covering the general direction of the faces 
an advanced portion of the latter, about twenty yards long, on bask 
side of the salient angle. 

The French engineers divide ricochet firing into two kinds, of which 
one is designated ricochet mou, and the other richochet tendu (short and 
ee the eta: oa peseeee all elevations of the piece, 

tom the greatest which the c and the gun-carriage will permit, to 
that which fs but little above the ‘fhorisetl andthe lather term being 
or to all other cases, down to that in which, from the height of 
the battery, the gun is depressed below the horizontal plane. hen 
the crest of the parapet which covers the rampart or the ground to be 
ricochetted is above the level of the battery, the coincidence of that 
crest with the vertex of the trajectory forms the inferior limit to the 
elevation of the piece; for if the shot were to pass closely over that 
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rith a lower elevation, it would at that place be in the ascending 


het 
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eurve, and then the ground behind the covering parapet 
a considerable distance from thence, be struck. In pro- 
elevation of the piece is increased above the same limit, 
the trajectory is nearer to the battery, and thus the 
in the descending branch when it passes over the crest of the 


the parapet over which the shot is to pass has little elevation 
the battery, it requires considerable charges to allow the vertex 
trajectory to coincide with the crest; imini 
of the parapet 
thence diminishes : the effect of this is to produce the 
of ricochet mentioned above, for the angle made by the 
branch with the horizontal ground being greater, the re- 
shot are more numerous within a given extent of ground, 
een the successive the curves are higher and shorter. 
the crest, 


from its action : this is not always 
charges and low elevativns the second kind of 
i that the shot will pass above the 
i og restate rt ape eane Aina = 
system of fortification the greatest length of the faces of works 
is about 100 yards; therefore when 
i it is merely required to 
crest of the covering para- 
further extremity of 

the trajectory will make with 
, and the charge and elevation 
that this condition may be 
traverse near the covering parapet 
the projectile would lodge in 

and in order that the fire of shot 
that manner or with an increased 
as to produce ricochets, it is Ty 
destroy the traverse oe fired as above described. 
“a 8-inch howitzers will probably be 

found to be the most serviceable; and if the large shot subsequently 
fired A-ricochet to dismount the artillery ef ponding ing 


an ‘s work of the troops who defend 
= es tou Alena ad might be edvantageously employed. 
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may graze, the long ricochet, the interior slope of such 


firing were carried on at Woolwich, in the 
October, 1821, when a work 100 yards long, and 
of a bastion or ravelin, was enfiladed in that 
ordnance of different natures; the covering 


the 
"i to 400 yards, and a of powder equal to J, of the weight of 
{ae dt, abont otis of te nutber of rund ink fleck at 
— charges varying from 4 to weight, from one-third 
p ao halt Sook offset? ancl us 800 : wi aie from 4, to 4, 
4 i effect. It was concluded there- 
fore that ricochet batteries ought, if possible, to be at a distance vary- 
Watetgads tor tepead the. letter cannes aeeal Gennes 


Hh 


r 
ir 


Me 
Hf 


fF 
i 
t 
i 
é 
E 
F 
i 
é 
L 
; 
i 
‘ 
F 


distance the effect of the fire is 


charges 
or of the guns, may, however, be advantageously em ed 
se «ey opengl el S tasten an aaeinea le tink ox 
extensive lines of works when the battery is at a much greater 


experiments abeve-mentioned that the best 
enfilading a work h-ricochet with shot or 
axis of the piece is directed at an angle 
from 6° to 9* above a line drawn from the chamber of the gun 
parapet over which the projectile is to 
shells filled with powder which were 
58 took effect, but only 33 burst in the work. Before the 
on the work were struck and 
gh the traverses were much 
none of the guns protected by them were disabled. 
ors ny er the field, ricochet firing is found 
service; for the shot making on the ground eight or 


i 


4 mounted on travelling 
caused shells to be thrown b-ricochet, in 


ther It ought also to be remembered that before the latter 
can be usefully employed, the parapets, traverses, or blindages which 
cover the artillery of a fortress must be ruined by other means; and 
it may reasonably be concluded that the rapid reduction, or the most 
protracted defence of a place, will always be owing to a judicious com- 
bination of the different modes in which, according to the circum- 
stances, artillery can be used during the siege. [Smmcx.] 

Though it has been stated that with Mr. Whitworth’s rifle gun some 
very good ricochet practice has been made, it is very doubtful whether 
rifle cannon can be employed for this purpose, as from the rotation of 
the shot it is deflected immensely on striking the ground. In fact, 
this is one of the disadvantages of rifle guns. 

RIFLE, or RIFLED, a term applied to muskets or pieces of ord- 
nance when their bores are furrowed with spiral grooves, It is 
probably derived from an Anglo-Saxon word signifying to rive or tear ; 
the grooves or channels being formed by a machine which scrapes 
away the substance of the barrel interiorly in parallel and spiral 
directions. 

It is not precisely known at what time rifled barrels were first 
employed in warfare, but P. Daniel states (‘ Hist. de la Milice Fran- 
gaise,” liv. vi.) that the carabiniers of the French cavalry were 
furnished with such arms; he also observes that they had been 
invented long before the time at which he wrote, and that he had seen 
them used before that class of troops was formed into a regiment. 
This circumstance took place in 1692, and we may therefore conclude 
that rifled arms were known on the continent about the middle of the 
17th century, The historian describes the carabines rayées, as he 
calls them, as being grooved in a circular manner along the whole of 
the barrel; and he asserts that the range of the balls fired from them 
was very considerable, Rifled arms do not appear to have been intro- 
duced in the British service till the time of the American Revolu- - 
tionary war, ' 

It is sometimes asserted that grooved barrels were introduced by 
Gaspard Zollner of Vienna, in 1498, but these grooves were parallel to 
the axis of the piece, and were only intended to take off the foulness 
of the discharge and assist in loading. It may accidentally have been 
discovered that by making the grooves spiral, greater accuracy was 
obtained. It is also asserted that elongated projectiles were fired from 
rifles many years ago, as, for instance, it is stated that Hamilton of 
Bothwell-haugh shot the regent Murray with a cylindro-conical bullet. 
But it is difficult to determine this with any certainty. Under the 
head of Gunnery the effect of the rotation of a projectile has been in- 
vestigated, and it is there shown that, except when the axis of rotation 
is coincident with the line of flight, or speaking more correctly as the 
trajectory is a curve, except when the axis is tangential to the trajec- 

, the effect of rotation on a projectile passing through the air is to 
deflect it more or less from the direction in which it is projected. 
This effect is due to the fact of the surface of the projectile being more 
or less rough, and to the atmosphere being more condensed in front 
than behind it from its high velocity. But it is not the direct result, 
if we may so term it, of the greater friction in front than behind the 
centre of gravity, as is often erroneously stated, and this the experi- _ 
ments of Professor Magnus of Berlin have shown. Indeed, the direct 
effect of this friction would be to deflect the ball in exactly the 
opposite direction to what in practice is found to be the case. A ball, 
for instance, rotating on a vertical axis, when the anterior surface is 
moving from right to left, would, the air being more condensed before 
than behind, meet with a great resistance to rotation from the friction 
of the air in front, which would not be counter-balanced by an equal 
resistance in the opposite direction behind; but as the rotation in 
front is from right to left, this resistance would in effect tend to 
deflect the centre of gravity from left to right. Now in practice it is 
found that a rotation from right to left deflects the ball to the” left, 
so that it is evident that some other force must be called into action 
which overcomes this direct effect of friction. Now one half of the 
ball, supposing it to be cut into two hemispheres by the plane of the 
trajectory, is rotating with, and the other half in a contrary direction to, 
its motion of translation, and the surface of the ball not being perfectly 
smooth, the air is assisted in rushing past the former hemisphere, 
while it is retarded in passing the latter, and becomes more condensed. 
The experiments of Professor Magnus, in which a current of air was 
thrown on a rotating cylinder, clearly showed by an arrangement of 
vanes, which it is unnecessary to explain here, that the rotating 

linder caused a current in the air in contact with it, in the direction 
of the rotation which, where it met the current thrown on it by the 
blowing fan, produced a greater pressure of the air on that portion of 
the cylinder: that is, where the latter current was moving in an 
opposite direction to the former. Returning again to the ball rotating 
from right to left, this will account for a greater pressure on the right 
side than on the left, tending to deflect the ball to the left, and this 
cause of deflection is found to overcome the tendency before spoken of 
to deflect it to the right. The figs. 1 and 2 on the accompanying 
diagram may make this clearer. The motion of rotation is in both cases 
indicated by the arrow on the circumference, the motion of translation 
by the arrow in the circle. Fig. 1 gives the resultant direction from 
friction only ; fig. 2 shows the condensation of air from the two currents 
meeting. It is most probable that the velocity of rotation is not so 
rapidly destroyed as the velocity of translation, which will account for 
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the lateral deviation of a rotating projectile being found in practice to 
increase in a much greater ratio than the distance :—the trajectory 


Pig. 1. 


a curve of double curvature, This was very well shown 
Robins, to whom the first seprp emeslenarow es the principal 
of our present knowledge of this subject is due, in his experi- 
Society in 1746, in the gardens of the Charter 
165, Boxer’s ‘ Treatise on Artillery’), where he fired a 
t gun-barre] through two paper screens, and on to a 
followed the direction ote bent portion of = 
passing through the first screen partially through the 
but the place where it struck the wall was on the other side 
of direction of the straight portion of the barrel. The end 
bent to the left, the bullet in rolling against it in 
received a rotatory movement, its anterior hemi, 
moving left to right, which for the reasons before stated 
it to deflect to the right, and the velocity of translation 
diminishing more rapidly than the velocity of rotation, this deflection 
was inacurve. This curve being combined with the curve caused by 
the action of gravity gives a curve of double curvature, 
Let us now apply these considerations to the action of an ordinary 
amooth bore gun, whether musket or piece of ordnance. 
order that the shot may be forced down the bore of the gun it 
be slightly smaller than ne Windooe, Pr tg yan diameter of 
two being called windage. indage, besides allowing a great 
waste of causes deflection in two ways, first the ball 
nyteremmenngheey ving d aie perbnicaly Reseed 
it at the same time that it is forced along, and bounding 
its elasticity it is carried along the bore, reboundi 
to side, and eventually leaves it, not in the direction of the 
in some other direction depending on its last impact. 
Secondly, from this last impact it will carry away a certain rotatory 
movement, which for the reasons before given will cause it to deflect. 
The eccentricity of the projectile is another cause of deflection in 
smooth-bored For the reasons given in the article Gunnery, this 
eccentricity ‘will in the bore of the cause rotation, and, as there 
stated, the effects of this rotation will be the same in nature as those 
due to the cs. of surface ir ee ere come they “bs be 
greatly augmen Roughness of surface imperfection of form 
aged last causes of deflection, and they are the means by which 
rotation causes deflection. 
Windage may be lessened by increasing the size of the shot and 
various other means, but practically it cannot be destroyed, except in 
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-) guns, 

Eccentricity, arising from the material of the projectile not being 

, is in musket bullets wholly overcome by making the 
casting 


axis, 

corrects any deflection arising from them at each half revolution of the 
bullet, Thus we obtain accuracy in its flight. 

According to the laws of rotatory bodies, the tendency is for the 
axis of rotation always to remain parallel to its direction, 
Hence we have the "yee of using elongated bullets from rifles; 
bullets, for instance, of a cylindro-conical form, termed pickets, These 
being made to rotate on their longer axis, constantly present their 
points to the resistance of the atmosphere, and at the same time 


that they present an area of resistance of the same size as a spherical 
bullet of the same diameter, they possess, supposing. them to start 
with the same initial velocity, a much greater momentum to overcome 
this resistance. Therefore, the retardation being less [Guyxzry], we 
obtain a greatly increased range. A cylindro-conical picket cannot be 
fired from an ordinary smooth-bored gun, because, assuming a rotation 
almost immediately on leaving the muzzle round some of the shorter 
axes, all advantage is lost. 

The tendency of all rotating bodies to rotate round the shortest 
axis of greatest moments is an important consideration in the con- 
struction of rifle pickets. If the cylinder be very long and solid, the 
tendency is for the bullet to upset during its flight. The hollow at the 
base of most rifle pickets is therefore of great assistance in porns | 
the impressed rotation, There are two other points connected wi 
the rotation of the picket, which it may be as well to notice before 
proceeding to the description of the rifle itself. 

The tendency of the axis of rotation to remain parallel to its original 
direction is the cause of a peculiar deviation, termed by the French 
derivation. It was pointed out by Robins, that when the elevation of the 
piece is high, and the trajectory greatly curved, the axis of the bullet, 
or of rotation, does not remain tangential to the trajectory, but very soon 

ins to make an e with it, which angle continues to increase to 


the end of the range (jig. 3); the consequence is, that there is an in- 
Fig. 3. : 


equality in the resistance of the air on different sides of the axis; the 
bullet or picket presents an increased rotating surface to the condensed 
air, that is, there is a greater resistance from friction on one side (below) 
the axis of rotation than on the other; the effect of this resistance 
will, for the reason before given, cause the bullet to deflect or derivate. 
But this resistance is almost wholly below; and of the same naturé as 
that shown, jig. 1, as acting on the anterior hemisphere of the spherical 


bullet, whilst little or none of the opposing resistance of condensation ~ 


of air from the meeting of two currents can be called into play (or rather, 
it will be in a position where it can have little effect) consequently, 
the bullet or picket, supposing it to have a right-handed rotation 
from above downwards, viewing it from behind the piece, will haye a 
derivation to the right, The path of the centre of gravity of the shot 
will be a line of double curvature, but the axis of rotation will remain 
constantly parallel to its original direction. Robins proposed that 
the bullets should be formed like eggs, the longer axis being placed 
in the direction of the axis of the piece, and the larger end to the 
front, in order that, the centre of gravity being forward, the greater 

ce of the air acting behind might throw the point down, 
and constantly keep the axis tangential to the trajectory. More 


recently, canelures; grooves cut round the base of a cylindro-conical — 


bullet (see jig. 6), have been proposed by M. Tamissier, and employed 


with the same object. But a slight consideration will show that . 


the action of this increased resistance behind the centre of gravity 
is not simply a force tending to produce angular motion in the 
axis of the bullet in the plane of the trajectory round an axis per- 
pendicular to it, but is of the nature of the action arising from 
the friction of the rotating bullet or picket, when its axis is in- 
clined to the trajectory, and which we have just been discussing. 
But it must be remembered, that we were then assuming either that 
the resistance of the atmosphere was equal on both sides of the centre 
of gravity, or that any slight inequality there might be was not suffi- 
cient to overcome the effect of rotation in keeping the axis parallel to 
its original direction ; whereas now, from the object of the canelures, 
in order that they may be effective, we must assume that the increased 
resistance behind the centre of gravity is sufficiently great to give 
angular motion to the axis of rotation. For the same reason, then, that 
the bullet or picket would in the former case deflect to the right, 
supposing it to have a right-handed twist, in this case the portion 
behind the centre of gravity would deflect more, proportionately to the 
caw. resistance on it, than the portion in front ; that is, the axis or 
ead of the bullet must turn to the lft, making an angle with the 
plane of the trajectory. In this position the combined forces will tend 
to depress the head, and so on, if we consider it in its successive 
positions, with the forces acting on it, we shall see that the effect of 
the increased resistance behind the centre of gravity will be to make 
the bullet assume a second motion of rotation—one motion of rotation, 
the original one, being round the longer axis, while the second will be 
round an axis making an angle with this, and directed to the deft of the 
tangent of the trajectory at every moment ;—though the deflection 
from this oblique surface would be to the left, and counteracting 
the deflection it was intended to counteract, yet the wabddling motion 
the bullet must assume would be very destructive to accuracy and 
penetration. When from the form of the bullet the resistance is 
greater in front of the centre of gravity, and sufficient'to give an 
motion td the axis of rotation, the second axis of rotation will be 
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ved experimentally with the gyroscope. It 
the axis of rotation renin 
to its original direction is constant for the same di 
to allow for it when leotie ha Ge than So fey wan cortech fh 
it. 


_ These effects may 


Another curious effect arising from the action of rotation, tending to 
keep the axis of rotation to its original direction, is, that at 
certain low elevations the range of the elongated projectile is absolutely 


greater in the atmosphere than it would be in vacuo. This is evidently 
& point of great importance practically. It is thus explained by 
Sir W. Armstrong: “In a vacuum, the trajectory would be the same, 
whether the 


> 
pelican Tee its flight, and consequently acquires a continually 
increasing obliqui oe npanair yr » flight. Now the effect of this 
obliquity is, that projectile is in a measure sustained upon the sir, 
just as a kite is by the current of air meeting the inclined 
eurface, and the result is, that its descent is retarded so that it has time 
to reach to a greater distance.” 


The example, to prove the truth of this statement, is 
taken geet Wiener, Leckton on Artillery, R. M. Academy,’ 
© Fosgate leg in Dames, R.A., from which also some 

the figures are taken initial velocity of the projectile from 


~ 
Sir W. Armstrong’s 12-pr. gun is said to be 1080 feet per second ; what 
would be its range in vacuo when fired at 2° of elevation ! 


Vixsin2a I080/?xsin 4° 1166400 x 069 
in ‘i = 


a: 32 
= 2515 ft, or 838 yds, 


100 be taken as the velocity, 880 would be the range. 

of ranges given in the ‘Manual of Arti Exercises,’ 

range obtained with this gun at an angle of 2° of eleva- 

the projectile in the air exceeds therefore that in 

vacuo by about head pres if the initial velocity is 1080 feet a 
shi 


m 
~ 


second, and by 100 ould the velocity be 1100 feet a second.” 
A 32-pr. shot fired at an of 2° with a velocity of 1600 feet per 
ranges less than { of the distance it would range in vacuo. 
erie wer caces cedars ore eacaDe ts ena cantar beh make 
grooves cut in it; these grooves are to one , but 
an angle with the axis of the cylinder or barrel—that is, are dis- 
The billet fitting these, when f through 
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ns after leaving the piece, The rifle 

fact a female screw, and the action is the same as that of 
which a acrew is driven by preasure. 

elements of a rifle may be considered to be a cylinder, grooves, 

ing the fit the grooves or take the 

No rules for these various points have at present, at all events, 
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the em of constructing ect rifle, This 
sept hm as to what rifle combines the 
before-mentioned elements in the best proportions. 

Ist. The action of a rifle being the same as that of a nut on a screw 
through it, the action of the powder on a bullet in a rifle barrel 
be the same as that of a pressure moving a body up an inclined 


pressure being t » T 
be poy adore velocity in the direction 

pressure generated body in ita passage over a given 

because of the inclination of the e, 

thereby friction. 

rifle, therefore, the greater the inclination * of the grooves, 


inclination of the grooves, commonly called the twist, is generally 
given as one turn inso many feet. This of course gives no information directly 
as to the proportionate inclination of the grooves in two rifles of different calibre. 
‘The correct estimate of this, is the angle of inclination of the line, showing 
the groove on the developed surface of the bore of the piece, that is, by com- 
eae nein Sh nits sae fare Se oBetod WAR cireeeinanans of the 
laying 
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be done, when we know the calibres or bores, by 
length in which one turn or twist is completed, then 


the less will be the initial velocity due to a given charge. Hence the 

inclination of the grooves should be the least that will effect the 

purpose ; that is, that will give the bullet sufficient rotation round its 

axis to retain it parallel to its original direction during its flight. This 

inclination, as given in ‘ Straith’s Artillery, by Cook and Hyde, is— 
Enfield . 1° 19’ 11” 


Jacob’s . ; : . ee RBH ON 
Whitworth’s . 3 : ‘ Fl ga et <i 


With respect to the form to be given to the grooves in section, and 
their number, it is evident that the main consideration on which they 
depend is the manner in which the projectile takes its rifling. If it is 
by the expansion produced by the explosion, it is evident that they 
should be wide and shallow, rounded and not angular, while the 
groove or furrow on one side is opposite the projection or land on the 
other side. The Enfield rifle, described further on, with its three wide, 
shallow, rounded grooves, fulfils these conditions. If on the other 
hand the projectile takes its rifling by being forced into a narrower 
bore, as in the breech-loaders, it is evident that the cutting portions, the 
lands, should be narrow, the grooves not very deep, not deeper than 
will just suffice to give a sufficient hold, with angles and square 
sides at least on one side. The Armstrong gun [Rirtep Orpnance], 
with its numerous narrow lands and furrows, is made in this way. 

lf the projectile is formed to fit the grooves for convenience in load- 
ing, they and the projections on the projectile to fit them should be 
made prominent and well marked, as in the two-grooved rifled 
Jacob's or Whitworth’s. This last mentioned form, however, is also 
well adapted for an expanding ball, and while it givesa perfect hold on 
the projectile reduces friction to a minimum. 

2nd. The picket should be as long in proportion to its diameter as 
possible; for, ceteris paribus, the longer and thinner the projectile is, 
the greater will be its range and accuracy. But at the same time it 
must be remembered that, first, especially for military rifles, there are 

¢ objections to a very small bore and attenuated picket: the former 
being difficult to pred. latter liable to injury, and requiring a long 
fragile cartridge. Secondly, the inclination of the grooves is necessarily 
increased, in order to give the picket sufficient rotation; which, besides 
a objectionable for the — beg’ given, renders the bullet 
iable to strip, especially wit! e soft metal required in expandin 
bullets. Thirdly, the bore may be so diminished as to pio aoe the 
power of giving the picket sufficient initial velocity; that is to say, 
that, given the calibre, there is a limit beyond which it is detrimental 
to increase the length and consequent weight of the projectile, on 
account of the mechanical distribution of the charge. 

8rd. There are certain mechanical considerations : among which are 
a barrel of sufficient weight, ectly true bore, with accurately ~ 
parallel grooves brought to a high state of smoothness; and, when the 
rifling is taken by an expanding bullet, the distribution and depth of 
the grooves such as will allow of their being perfectly filled. Three 
wide shallow grooves appear the best, as in the Enfield rifle. Rifles 
with gaining twists, that is, a spiral ingreasing in inclination from 
breech to muzzle, have been tried. In fact the Lancaster rifles, with 
which the Royal Engineers are armed, are of this description; these 
have made good practice, but it may be only from superior manu- 
facture, for it is evident that there is nothing gained, but, on the other 
hand, when the projectile is long, there is a constant alteration of form, 
causing increased resistance. These various points require a long 
series of carefully conducted experiments to arrive at any absolute rules, 

Commencing with the greatest weight of bullet, on account of recoil, , 
that it is possible for a man to fire from his shoulder, and investigating 
how far the greatest advantage in each direction may be obtained, 
compatibly with the conflicting considerations, is the only manner in 
which a perfect rifle can be formed. We believe that this is the 
manner in which Mr. Whitworth pe por ce eee and his is 
certainly the most perfect weapon yet ui 

The frat form of wifi employed in the British service was a seven- 
groove rifle. The method of loading was this: after pouring in the 
requisite charge, a greased patch (a circular piece of cotton, about twice 
the diameter of bore) was placed on the muzzle; a spherical bullet, 
slightly larger than the bore of the gun, was then placed on it and 
forced down with an iron ramrod and wooden mallet. Thus the portion 
of the bullet in contact with the bore became indented, and received its 
rifling ; it was, however, a long and tedious process, not well adapted 
for military purposes. It was su ed by the two-grooved rifle and 
belted ball; the ves were wide and deep, and the bullet, which 
was sewn into a thin piece of calico, had a projecting zone fitting them. 
This form was easier to load, and gave pretty good practice up to 
300 yards, but it had the disadvantage of windage, and after a time 
fouled. 

Robins had pointed out the advantages of a breech-loading rifle, in 
giving ease in loading :—“ As both these methods of charging at the 
oak take up a good deal of time, the rifled barrels which have been 
made in England (for I remember not to have seen it in any foreign 


Isying off at right angles to this the circumference of the bore. Completing the 
rectangle gives the developed surface, of which the diagonal is the groove, and 
the angle it makes with the side of the rectangle, the angle of inclination, 
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piece) are contrived to be charged at the breech, where the piece is for 


are to 
this made larger than in any other part; and the powder and 
ballet are put in through the side of the barrel by an opening, which, 
when the piece is loaded, is filled up by a screw, By this means, 
pieod is , the bullet is forced through the rifles, and 


motion as in the former kind of pieces, And 
kind, though not in the manner now 
others, the most perfect method for the 


process has been carried out very successfully in the Prussian 
breech loading touts, and in the 
Armstrong Rretep Onpnaxor.] Though space will not permit 
ped ala reg needle- amp es mention that there is no 
Sctonating powder being contained in a 
wooden sabot at the base of the bullet, a needle is driven forward by 
the lock on the trigger being pulled, and forcing through the powder 
in the cartridge, igni eh eeeneneeven © the other end. The 
needle iable to injury, a form of cartridge with the deto- 
MG memreilticn sh. ths back cl tha sharge bas been adopted 
. Breech-loaders, besides increasing the rapidity of fire, 
enable the soldier to load without exposing himself whilst doing so, 
which is sometimes a great object, as, for instance, in a square. 

To return to muzzle-loaders. In 1827, M. Delvigne, a French 
officer, proposed to increase the facility of loading by giving the rifle a 
chamber, as fig. 4; the bullet being smaller than the bore is easily 

. 4 


Fig. 5. 
TT —TI 


Section, Section. 


when on the chamber a few smart blows with the ramrod 
it into the grooves. It did not, however, succeed well on 
wder on the shoulders of the chamber and the 
1842, Colonel Thouvenin, also a French officer, invented 
ige,” see fig. 5. The action is the same as with the 
chamber, and needs no explanation. It answered better, but 
1 ag Naser rad The bullet in both cases is knocked 
a ige, or steel stem, is liable to injury, and from its 
position up mu 
mechanical 
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space, elongating the charge and ing itata 
disadvantage in its ignition. M. Delvigne then proposed 
bullet, as shown in 


the elongated . 5, which was a great improve- 
ment, and it was introduced into the French service with the cara- 
bine-a-tige. 


M. Minié then proposed an expanding bullet, of the form shown in 
with an iron or plug a, in the hollow base b. This remedied 
all disadvantages of the carabine-a-tige. The 
bullet can be easily rammed down, and the iron cup 
having a less ific gravity than the lead is driven 
forward by the explosion ee gear in expanding the 
bullet. It is but justice to Captain Norton to state 
that he an expanding bullet on the same 
years before. It is, however, not 
to have a hollow base and plug 
to make bullet expand. A hollow 
‘indeed a solid cylinder, if long enough, will 
ugh not quite so much. The powder 
blow drives the base forward before the 
fore part is overcome, and expands it at 
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most to the bottom, the smaller is then pushed in on to the point of 
the bullet, and filled with powder,the ends pasted up, and the base 


Fig. 7, Fig, 8. Fig, 9. 


Section, 
round the bullet eg into a lubricator, a mixture of tallow and bees’ 
wax. In loading, the end of the cartridge is opened and the powder — 


poured in, the bullet is then reversed into the muzzle; when down 
to the shoulder, the upper portion of the cartridge paper to where the 
inner case comes down to, is torn off, and the bullet pushed down 
with the ramrod. This is incom: s 
have yet been armed with, though it may not ke the best weapon — 


ably the best arm that any troops — 
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invented. It is wholly made by machinery, at least all those manu- ~~ — 


factured at the Government factory at Enfield (whence its name). — 
This gives it the great advantage for a military weapon, besides , 


arms of the same construction. 
rifled musket are— 


fection in accuracy, of having all its parts interchangeable with ne a 


The dimensions, &c., of the 


Weight, with bayonet . . . . « 9lbs. 302, 
Barrel, weight . e ° . ° « « 41bs, 202. 
Length . . . . . . . « Sft. Sin, 
Bore, cylindrical diameter . ° . e « 9577 in, « 
8 grooves, uniform twist, one turnin , « G6ft, 6 in, 
Inclination, therefore > . 4 oe eee 
Width of grooves . . e . . + *262in. 
Depth at breech . * ry . ° « + °015in. 

» atmuzzle . . » . . + °005in. 

Lock swivel— 

Mainspring, draws af half-cock . ‘ + « 15 Ibs, to 16 lbs, 
Sear spring draws . : ’ ° . » Tbs. to 8 lbs. 
Pull of lock . . . . ° + « 13 Ibs, to 14 lbs. 
Trigger draws . e > : - 71bs,to 8 Ibs. 


Charge, powder 2} drama, F. G. 
Bullet, expanding, with box-wood plug— 

Diameter, formerly +568 in., now reducedto _. *55 in, 

Length . . . . . Py « « LOSin, 

Weight . . . . . . . . 520 grains, 

Weight of 60 rounds of ammunition, with caps 5 1bs, 8 oz. 


The Old Musket, with a bore of ‘753, weighed . 11 lbs. 3 oz, 
And the ammunition , . . . - 6lbs. 100z. 


‘Good practice may be made with the Enfield up to 900 yards, to 
which distance i ia sighted. ‘The above.ere the dihanslons of amie 


Fig. 18. 
Fig. 11. 
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is called the Long Enfield—there is a shorter arm for the Rifles, &c., 
the dimensions of which it is not necessary to particularise, A sword 
bayonet is used instead of the ordinary bayonet, but for many reasons 
it is more than doubtful whether the short rifle, with the accompany- 
ing awkward sword, is a more appropriate weapon. The cayalry are 
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‘with a Sharp’s (breech-loading) carbine, and also some, we 
with Westley Richards’s. 
‘s ri Whitworth, the eminent machine manfacturer of Man- 
has invented and ted an admirable rifle: a section of the 
ree a did Reh esa lin etl aged 
bore is a hexagon in plan, or rather in cross section, with 
rounded off, the diameter of inscribed circle being only 45 
bore is described by this hexagonal section moving from one 
other, and rotating uniformly round the axis of the piece, 
80 as to complete oaks pbdernl pened along 20 inches; that is, 
that the grooves, if we may so term them, make one turn in 20 inches, 
the form shown in fy. 11, or as shown in 
and of a rather a a ws 
are expanding. e former have 

ridin Wea eee Of & hard. costal’ (9 parts lead 1 part 
t penetration. By easing off the edges that 
former description of bullet is easily rammed 
the bearing is thrown on the other edges as it is being 


3 the ex: 
may be as well to give the 


Range in Figure of 
Rifle. Elevation. |“ yrerit, 
| } 
Whitworth . .}) soo jf is o-37 | 
acs 5 1-32 om =| 
Whitworth . «|| gong | f 2°28 1-0 
Enfield.) L245 411 
Whitworth . 1100 {ff 48 241 
eee \) 412 8°04 
Whitworth . 1400 if 5 | 462 
s 3 eS] 6°20 to7 No hits. 
Whitworth .  . 1880 if 640 0 6| 11°62 
° « oS} | “e oe 


The of merit is the mean radial distance in feet from their centre 
of 10 shots fired from a rest table. A Whitworth bullet, with the service 
charge of 2} drachma of powder, penetrated thirty-three 4-inch planks 


of elm, and was only by a solid balk of timber behind them. 
Mr. Lancaster’s rifle, w has before been mentioned, has a gaining 


; the section of the bore is an ellipse; the bore is formed by this 
moving along the axis of the piece at the same time that it 
round it, ing, not uniformly, but more rapidly as it comes 
the muzzle. 


practice up to 1000 yards. 
The led vile we need mention ts that invented 
General Jacob. The ogo Reccreg Poll in 
. 14. The grooves are of i le , four 
in number, and are as wide as the lands. The 
diameter of the bore is the 32 gauge. The picket is 
solid, and has four projections to fit the grooves. The 
make one turn in 36 inches. General Jacob 
made many experiments with shells from his rifles. 
These shells had been invented many years ago by 
Norton, and having improved upon them, 
Jacob made a most formidable weapon, ex- 
a waggons at 1600 and 1800 yards 
picket is cast with a cylindrical cavity 
its conical end, into the cavity is inserted a copper 
tube, filled with fine-grain powder, and primed at the 


same operation 
with knobs on them to fit the grooves, 


The circumference of the ring being 


— 
2 


ft. By this contrivance it was ex 
the advantages of a rifled gun would be obtained, though 
in the shot. The result of the trials 


were 


In 1846, Major Cavalli, of the Sardinian Artillery, invented a rifled 
gun; and about the same time another was proposed by Baron 
Wahrendorff, a Swede. Both were two-grooved breech-loading pieces, 
In 1850 these guns were experimented with at Shoeb ess against 
the service 32-pounder of 56cwt. The weight of the elongated pro- 
jectile for both guns was about 64 or 65 Ibs. Space does not permit 
of our entering into a description of them ; but some remarks of Sir H, 
Douglas on the result of the experiments may be quoted :—* At 
the efficient service elevation of 5°, with charges of 8 lbs., the ranges, 
and also deflections, of the different projectiles were nearly equal to 
one another ; and the like is true with charges of 10 lbs. At elevations 
of 10°, the ranges of the oh a guns exceeded those of the English 
82-pounders, with charges of 8lbs., by 380 yards, and with charges of 
10 lbs. by 690 yards; and at elevations of 15° the excess was, with 
charges of 8lbs., about 790 yards, and with charges of 10 lbs, about 
1100 yards.” The deviations, which were always in the direction of 
the rotation of the projectile, were so variable that no allowance could 
be made for them. e Wahrendorff gun had considerable advantages 
in length of range over the 32-pounder at high elevations, but the 
practice was then very uncertain. After four rounds, the Cavalli gun 
became unserviceable by the copper ring embedded in the metal of the 
gun at the bottom of the bore being damaged. The attempt to repair 
this was unsuccessful, for, on a further trial, the whole breech was 
blown away. The Wahrendorff gun, however, stood well. 

The next rifle gun invented was that by Mr. Lancaster. It was 
tried at Shoeburyness in 1851. The principle was similar to that 
of the rifle [RreLe]—an elliptical bore, with a gaining or increasing 
twist. In fact it was a two-grooved rifle, with the angles of the grooves 
chamfered off. The friction in the bore was so great that it was 
necessary to make the projectile, which was cylindro-conoidal with 
an elliptical section, of wrought iron. This was the first rifled cannon 
ever used in war, and was employed by the English in the Crimea, 
both on board the gun-boats and in the batteries, against Sebastopol. 
Though good results had been obtained in 1852 at Shoeburyness, with 
spheroidal projectiles from these guns, they did not succeed well on 
service. The trial was certainly hardly a fair one, many of the guns 
being light 8-inch, bored up; and these burst. Some of the heavy 
8-inch Lancaster guns, however, also burst with the elongated pro- - 
jectile, we believe. Those who worked the guns had in many cases 
not been instructed in their use; and Mr. Lancaster has accounted for 
the shells constantly bursting in the bore by the welding of the two 
pieces of wrought iron with which they were made not being a perfect 
joint, and the explosion of the communicating to the interior of 
the shell. But it is most probable that the shell jammed in the bore, 
which it was very likely to do from its form and the increasing twist. 
Certain it is that the practice was very uncertain, and the result not 


Under the heads of Gusyery and Rrrte we have considered the 

ints to be attended to in the formation of rifle arms and projectiles, 
These are equally applicable to ordnance. But when we come to the 
manufacture of very guns, either smooth bore or rifled, we meet 
with a difficulty in making them sufficiently strong to resist the effect 
of the explosion of the chite: This difficulty arises as we increase 
the diameter of the bore much sooner in rifled pieces than in smooth 
bores, because in the former there is a greater resistance to the motion 
of the projectile in the bore, while at the same time the elongated pro- 
jectile employed is of greater proportional weight. It has been how- 
ever found very difficult to make solid shot guns—that is, when heavy 
charges are employed—of a greater diameter of bore than 8 inches. 
(the 68-pounder); and in the.war with Russia it was found that the 
13-inch mortars, even the immensely heavy sea service ones, constantly 
burst after heavy firing, as at Sweaborg. > : 

This can be easily understood when we remember that, in guns of 
the ordinary construction, it is useless to increase the thickness of 
metal beyond a certain limit, and that to produce equal initial velo- . 
cities in two similar projectiles of different diameters—as, for instance, 
two spherical shot of 2 and 4 inches diameter—the pressure or strain 
on the metal of the gun increases in a ratio much higher than the ratio 
of the surfaces of the bores. To make the first point clear, if we take 
the transverse section of a gun, which is an annulus, we may consider 
it composed of a series of concentric rings, and the strain of the 
explosion a statical force, though it is of the nature of impact. That 
the metal of the gun is, as might be supposed, extended by the action 
of the powder at the moment of explosion (some portion of which 
extension, from want of elasticity, is ent), may be proved 
experimentally ; that is to say, the diameter of the annulus or trans- 
verse section is increased, but the area of the annulus must remain 
the same, and therefore the width of the annulus must diminish, or, 
which is the same thing, the circumference of the imner circle must 
increase in a greater ratio than the outer. Hence the greater the 
distance of any of the rings composing the annulus from the centre 
or axis of the gun, the less will it be stretched, and the less will be the 
strain on it, and the resistance to a pressure of any two rings will be 
inversely as the squares of their distances from the axis, 

Now iron extends with a tensile strain, and the extension is more 
than proportionate to the strain; that is, the resistance to extension is 
only at first nearly ionate to the extension. It is found, by 
experiment, that for wood and wrought-iron the resistance to exten- 
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ss 
sion in each fibre is at first nearly proportional to the extension. 
Mr. Hodgkinson found that in cast-iron the resistance to extension 
was less than a quantity proportional to the extension by a quantity 
proportional to the square of the extension. If w represent 
resistance to extension, and ¢ the corresponding extension, w= ae — be°. 
It is therefore evident that at a certain thickness of metal the cohesion 


strain acts to any extent on the exterior. With respect to the second 
point, taking two spherical bullets of 2 and 4 inches diameter, ceteris 
pariius, the pressure required to give them the same initial velocities 
will be as their weights, that is, as the cubes of their diameters, but the 
surfaces of the bores will only increase as the squares of the diameters, 

fore with larger calibres the strains on the guns will be 


In order to obtain the requisite strength in rifled ordnance (espe- 
cially in those of a large calibre), where the strain is again increased by 
the resistance to motion offered by the rifling, it is n to adopt 
means of equalising the strains through the metal. Different 
this have been suggested. The object of all of them 
is to give a certain initial tension to the outer rings—the exterior 


| 


pA“ breech-piece” with a mitred face fitting a similar face at the | 


impérfect state of manufacturing power, as there could be no usein — 
not having the interior a homogeneous cylinder, A huge mortar of 
36 inches diameter was, however, made in this way a few years ago by 
Mr. Mallet, and failed. eaten § 

In 1854 Sir W. Armstrong brought forward a breech-loading rifle- 
gun, his plan was accepted, and a of small calibre having been 
made according to it, was tried at Shoeburyness. With some modifi- 
cations this description of gun has been adopted in the British a 
and found very stoont in the me esti = fact it is the 

ect gun yet adopted in any artillery. e followi i 
gt oa tried at Blschoiaaae and at Sir W. A 
private factory at Newcastle, is taken from the minutes of ‘ Pr ngs 
of the Royal Artillery Institution, given in the ‘ Elementary Lectures” Pree 
on-Artillery for the Royal penmcess Cwm ¢58 by Major Owen, R.A., 
and Captain Dames, R.A.; from which also, and a paper on the ‘C 
struction of Artillery,’ printed by the Institution of Civil Engineers, — 
the description and drawings of gun, shell, &c., are taken :— a 

“ A core or internal lining was formed of cast-steel, to which the _ 
requisite strength was given i Rage it with twisted cylinders of 
wrought-iron made in a similar manner to gun barrels, and tightly 
contracted upon the steel core by the usual process of spies. 
previous expansion by heat; the parts are then in a state of initial 
tension, which is nec to bring their gees on into oper 
The arrangement for loading at the breech consists of a powerful : 
having a hole through the centre in the prolonged axis of the 
through which hole the bullet and charge are delivered into the g 


buryness, in 1856 and 1857. The ancient built-up guns, such as Mons | steel : this failed; hardened steel was next used, but this yielded to 
Meg, were often made with longitudinal bars, kept together with rings | the action of the powder more rapidly than before; copper was a 
ienced, 
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Fig. 1.—Armstrong Gun, scale 3 inch to 1 foot (z5)- 


contains the vent. The bore of the gun was 1} inches in diameter, is to say, the sides the projectile bears on in passing out of the gun, 
| are cut square, or at least radial, the other edges are rounded off. 


= 


and contained eight spiral grooves, having an inclination of one turn in 


| 


either as shot or shell. It was slightl larger 
re of the gun, and being inserted at the breech 


_ took its rifling by being forced through the grooved bore. 


was one-eighth weight of shot. The following 


experimen’ na 
ata butt of wood 5 feet wi i 
~ Biabeance of 1500 yorde fix show pnt rept 


Six shots were fired as trial shots to obtain 

ion. The remaining eight hit the butt without 
elevation of the gun being 4° 26’, and the mean deflection 
on the butt was only 11} inches. The experiments 
at two targets, placed 30 feet apart, covering one 


| 
| 


: 
i 


i 
: 


another, were equally remarkable—nearly all the sh passing thro; 

yy his being & small gun was of course easy of manufacture, but Sir 
« Armstrong has been equally successful in making 12, 25, 32, and 
40 pounders ; and experiments are now being made wi much heavier 


poueins. 
pounder is the gun ted for the field batteries and horse 


3 
E 
2 


i 


hina have w 6 charge 

1tb. Goz, It is ble that in future Sout een wine 
of 1b. 8 oz., be adopted. The guns are now made wholly of 
Wrought iron, and in order to avoid the difficulty of forging very large 
masses they are made in pieces, tubes from 2 feet to 5 feet long, 
Which are then welded together. The tubes are formed by winding 
retina haat, heated iron round a roller, the coil is then brought to 
heat and hammered ; the of the coils or tubes 
having been bevelled off, the tu are welded together. The manu- 
Heoture ia very complicated. The finished is shown in jig, 1 
grooves are very narrow and shallow, The dri sides, that 


FI, armas ans ere Oc OE sey YS mo Be ee 


ha PAS 2 
« Fig, 2.—Armstrong Shell, scale }. 


The width of the lands and grooves being the same, th i 
number acoording to the calibre of the piece,-the 12 Pie ais ,.. 
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directions, but only takes effect at one extremity, where it communi- 
eates with a quantity of powder in the centre.“ The fuze is 
surrounded by a scale paper graduated to accord with the elevation of 
the gun, so that when the range of a distant object is found by trial, 
it is only necessary to turn the igniting aperture of the cover to the 
point on the fuze scale corresponding with the degrees and minutes of 
elevation on the tangent scale. . 

The concussion fuze (/ig. 4.) is on nearly the same principle. “A 


Fer 


E 


allowed 
core. j be eee 
bursting is 
sufficient reais 
sal shpat or shot, 
“SR eG 
y ‘ shell 1 
: de- i 
numerous seg- rs ph 
the fuze so } 
Sir W. y 
the shell Pt z= 
And also ae esos 


i) " 
Fig. 4.—Concussion Fuze, full size. 


aa, the hammer ; 6 4, the suspending pin; ¢, the detonating composition ; 
dd, priming chamber. 


striker with a presented upwards is secured in a tube by a wire 
Guaseotnug; white io token op thn tring of the gun; the striker being 
thus liberated recedes through a small space, and rests on the bottom 
of the tube, but as soon as the shell meets with any check in its 
motion, the striker runs forward and the detonator in front, 


of distinguished officers. Two , each of 9 feet square, were 
ab stance of 1500 yards from the gun, ant 7 ells were 
at them; the effect of these 7 shells was, that the targets were 
struck in 596 Similar effects were produced at 3000 yards 
a target 9 feet square has been struck with shot 5 

ta. t 


the reasons given under Gunnery and 
Rirrz, when we remember that the cosines | of the Arms’ 


12- shot is less than 1100 feet per second, while that of the 
12-pounder is about 1800 feet per second. 


Ranges at Elevations of 
raj rfr | ses |e |e |e 
; —— : 
Weight Gewt., charge }| 300 | 600 | 900 | 1200 | 1500 1800 | 2100 
1 lb, 6 oz, . . } j 
12-pounder service, } } 


weight 15 cwt., | 300 | 700 1000 | 1200 ©1400 | 1600 | 1800 
charge 4 Ibs, ‘ a} | | j 


The first form of carriage employed for the Armstrong gun was the 
bracket carriage with recoil 4 hag The recoil slide is however 
abolished for field service Lage sangeet gabe believe it is intended to 
employ it still for , siege, naval guns. The field service 
is now in very similar to the old block trail 
The trunnions of the gun however rest in moveable trunnion holes. 
These trunnion holes being connected together by a band of iron, a 
horizontal motion can be given to them round a centre or pivot 
between them by means of a bar, which, passing to the rear almost as 


now as a siege-gun :—* T'o go back to the commencement 


La en ee, ae oe et Pee: ee | 


aa, Ss 


ii 


RIFLED ORDNANCE. 


RIGHT. 


inventions merely figure u paper, have little idea of the 
jes that are pe fe eal y those who inventions into 

For my part, I had my full share of such difficulties, and it 
nearly three years of continual  oyenag to surmount them. 

height of summer my experiments were for the most part 
ied on at the sea-coast, between the hours of 3 o'clock in the 
and 6; for after that time people began to move about and 
apt to ft in the way. At other seasons I availed myself of the 
moors belonging to my friend Mr. Beaumont, at Allenheads, and 
I had a hut constructed on a mountain roa Pash feet meet 
of the sea. M targets were placed upon the opposite side 
valley, alates more valuable than grouse or lean 
the risk of being shot ; and well it was that such was the 
. for I had constructed an instrument for maintaining a fire upon an 
ject (a breach, for example) after darkness had set in, and I used to 
awaken the denizens of the heath by firing shells at my distant target 
in the middle of the night; and I may observe in passing that, when 
this instrument was fully perfected, I was enabled to strike a distant 
object in a pitch dark night with the same pec f as in broad day- 
tient At the ond of the three years I had succeeded in bringing to 
maturity both guns and projectiles, Several new guns had been made 
on my own cs gegen A and considerable expense incurred on 
experiments; but all my disbursements were refunded by the Govern- 
ment as soon as the results were ascertained.” 

We have entered thus fully into the description of the Armstrong 
gun as it is the gun adopted in the service. It only remains briefly to 
notice the Whitworth gun and the French rifled gun. The Whitworth 
gun has, like the rifle [Rivie], a hexagonal bore, the angles of the 

being rounded off. As the projectiles are very long, the 
inclination of the grooves is very great. The guns with which the 
experiments were made in the spring of 1860, near Liverpool, were 
breech loaders. The following description and table of dimensions is 
taken from the Lectures on Artillery before quoted. “The breech is 
closed by a-cap which screws on outside, and works in an iron hoop 
attached by a hinge to the side of the breech; the cap is opened back 
for loading, after which it is shut-to, like a door, and then screwed on 
to the breech by a handle for the purpose ; the vent is in the centre of 
the cap, and therefore in line with the axis of the bore. For smaller 
sized guns, Mr. Whitworth uses homogeneous iron, the larger guns 
are made of the same material, but strengthened with wrought 
iron hoops fixed on by hydraulic pressure. The Whitworth projectile 
is hexagonal, its form corresponding to that of the bore, and it is made 
of cast iron accurately turned by machinery (fig. 5); for penetrati 
hard substances, as wrought iron plates, the projectile is flat head 
and made of homogeneous iron (jig, 6). The charge is jth the weight 


Fig. 5. 
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Fig, 6. 
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Maj, axis, 3°] in, 

Minor, 2°8. 
of the projectile, and it is placed in the bore in a tin cartridge which 
remains in until after the is fired, when it is removed ; a wad of 
lubricating substance closes the front of the cartridge, and is intended 
to prevent the fouling of the bore.” 


Warrworrn Gus. 
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i Bore. na Meee | 

So Pitch of 
Nature of Gun. | sy.ior | Minor | Length. | Weight. Rifting, 

| Axis, | Axis. 

ft. in. | ewt. qrs.] 1 turnin 
3-pounder 16 148) 6 0 ates $ ft. 4in, 
\t-pounder = .| 31 | 28] 7 9 |} 8 Oo 1s. Oo 
S0-pounder . «| 53 | 50 } 910 |80 0 | 8 4 


With the 3-pounders the extraordi range of 9688 Is (more 
64 miles) was obtained at 35° of algretioe The Ieukon atberd 
the same elevation ranged 9130 ee 
Some of the practice with the Whitworth guna was also very 
accurate, It also appears to have an advantage over the Armstro 


loading is obtained without windage. But until careful experim: 

have been conducted with both under the same conditions, Phich ‘bas 
not been the case hitherto, no decided opinion can be given as to the 
relative merita. The penetration power of the flat-headed projectile 
against iron plates is very great, and in fact has been more effective 


\their struggle for independence the fire from those pieces too 


than any other projectile, Mr. Whitworth has found that decreasing 
the hinder part of the projectile has increased its range. . 
The French 9-pounder field piece is a muzzle loading ved 
bronze gun weighing about 6 ewt. The calibre is about 3°36 inches, 
the grooves ng one turn in 60 inches, The projectile pig, 7, 
is shown in fig. 7. Ithas 12 leaden buttons on its exterior, 
that is, 2 for each groove, Though undoubtedly not nearly 
so perfect a weapon as either the r or Whit- 
worth, it appears to have done good service in the late 
Italian campaign. It is also very simple in construction. 
The French have also a bronze rifled siege gun of about 
the calibre of 12-pounders, and have rifled some of their 
8. The success of the latter is doubt- 


very small charges. ‘ 

RIFLEMEN (called by tte French nates) were cicagte a ; 
duties corresponded nearly to those of light infantry troops, but _— 
muskets being rifled or grooved, the effect of their fre, ‘within certain Tae 
limits, was more certain. , 

In the preceding article we have stated what is known concernin 
the first use of rifled barrels on the Continent; and in the at 
Arms it has been shown that the duty of riflemen is indicated in the — 
‘Observations’ compiled by the Earl of Albemarle in 1646. ; 
Anglo-American people are, however, believed to have been the fir 
who organised corps of infantry armed with rifle-muskets, and dur 


took effect with fatal precision against the officers and in the ranks 
the British forces. From that time the incorporation of bodies 
riflemen with the armies began to take place among the nati 
Europe, and it is now become a general ce. In the J 
service, the 60th, formerly called the Royal American regimen 
rifle corps ; and Manningham’s rifle corps ap; in the ‘ 

for 1801, but this became in 1803 the 95th regiment. In 1816 it 
formed into the present Rifle Brigade, and placed under the con LiF 
of Sir David Dundas, who had before been colonel of the 60th regiment. 
Subsequently to that year a regiment of native riflemen had been 
raised in Ceylon, and a rifle corps of cavalry at the Cape of Good Hope. 

In 1853, after the Minié rifle was adopted into the service, it was 
intended to arm the whole of the infantry with it. In fact, the greater 
portion, if not the whole, of our army, were armed with it at the battle 
- the Alma; but ee By Haviiee th arene on ae 1854 by © 

e committee appoin y Lo: inge, the whole of the i my 
are now armed with it. Such being the case, the titles ee 
Brigade and 60th Rifles become meaningless, though still retained on 
account of old associations. 

The 60th and Rifle Brigade are however armed with a short Enfield 
and sword bayonet. 

RIGEL, fonios.3 

RIGHT. is word occurs under some form in all the Teutonic 
languages ; and bears a double meaning equivalent to the significations” 
of the Latin word jus. 

In its strict sense it means a legal claim; in other words, a claim _ 
which can be enforced by legal remedies, or a claim the infringement — 
of which can be punished by a legal sanction. It follows from this 
definition that every right presupposes the existence of positive law. 

The causes of rights, or the modes of acquiring them, are various, ee. 
and can only be explained in a system of jurisprudence; for example, 

a person may acquire a right by contract, by gift, by succession, by 
the non-fulfilment of a condition. But every right co-relates with a 
legal duty. Thus a right arising from contract (for example, a con- 
tract to perform a service, or to pay a sum of money) is a right agail 

a determinate person or persons; a right of property in a field or a 
house is a right to deal with the field or house, availing against the :- 
world at large. On the other hand, every legal duty does not co- 
relate with a right; for there are certain absolute duties which do not 
co-relate with a right in any determinate person. Such are the duties 
which are included in the idea of police ; as the duties of cleanliness, 
sai sue Aton times and places, ; 

Wo t is sometimes used, improperly and secondarily, to 
signify not legal but moral claims; that ir to a claima whioh ai 
enforced merely by public opinion, and not by the legal sanction, = 

In this sense the right of a slave against his master, or of asubject 
against his sovereign, may be spoken of; although a slaye has rar ‘Z 
any legal right against his master, and a subject never has a legal right 
against his sovereign. It is in the same sense that a soyerei govern- 
ment is sometimes said to have rights against its subjects, although Ae 
strictness a sovereign government creates rights, and does not possess 
them. In like manner, one sovereign government is said to haye _ 
rights against another sovereign government; that is to say, moral , 
rights, derived from the positive morality prevailing between inde. 
acy dancer which is called international hs - ‘hae 

e likewise sometimes hear of certain rights, st; led natural rights, 
which are supposed to be anterior to ciyil Prnuciteenay and to be - * a 
mount to it. Hence these supposed natural rights sometimes receive  _ 
also the additional epithets of indefeasible, indestructible, inalienable, 
and the like. This theory of natural rights is closely pies gan 4 é 
the fiction of a social compact made between persons living ina state 
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¢; which theory, though recommended by the deservedly high 
y of Locke, has atbas prerarre h nearly all political 


This term is applied in mathematical 

ing which is imagined to be the most simple of its 
from Thus a right line is a STRAIGHT 

i simple and well-known of the angles 
one in which the axis is at right angles 


lines, at first coincident, are made to 
revolves about their common extremity, 
become the continuation of the other. 
line and its continuation, would, we 
princi angles considered in geometry, 

ity defined ing.of Rrour, be 


D 


i! 


Idi 


E 


D and DOB are together equal to con; while he 
& proposition in proving that Ao p and DOB are together 


bisect a given angle is the general propo- 


w a line icular to a given line from a given 
case. The construction of the r 
former: but the two results have to be 


: it would be right enough to 


the same circumference for a base :” and some may think that the words 
in italics exclude (as in one sense they certainly do) the segment which 
has an angle greater than a right angle; since this angle, and its 
central angle, that, namely, which is less than two right angles, do not 
stand on the same circumference as a base. Let this be so, then we 
throw the difficulty on another proposition, the 27th. It is there 
shown that “in equal circles, the angles which stand upon equal 
circumferences are equal whether they stand at the centre or at the 
circumference.” If no mention of angles greater than two right angles 
be intended in the previous proposition, then the one before us is not 
completely proved, but only when the angle at the circumference is 
less than a right angle. At the same time there seems to be, in some 


-of the subsequent propositions, proof of a desire to avoid the angle 


greater than two right angles, and to subdivide proofs into particular 
cases in order to avoid the difficulty. 

But are we not in fact to assume, without particular inspection, 
from the general tone of the first six books, that the angle equal to or 
greater than two right angles was never really meant, and that all 
propositions are to be taken with such limitations as the above restric- 
tion would render necessary? Let those who think so, look at the 
last proposition of the sixth book, in which it is shown that in equal 
circles angles are to one another as their subtending arcs. Now the 
criterion of Prorortion, as given by Euclid, requires that, in this 
——— any multiple, however great, of the angles may be taken. 

ow a multiple of an angle may not only be greater than two right 
angles, but greater than a thousand right angles; and every such 
acer ated not only be really included in the demonstration, but 

i as a magnitude, and compared with other itudes of 
the same kind. It is impossible that the writer of the fifth book 
should ge been ago to bear in — ber the erage 7 of 
proportion demands that every possible multiple of the quantities 
asserted to be proportional should be miaisted and compared with 
every other ; and thus it is certain that Euclid must have meant to 
consider angles not only greater than two right angles, but even greater 
than four, or any other number. Some commentators have supposed 
that Euclid meant to omit all pairs of right angles from such multiples, 
and all semicircumferences from the multiples of the arcs; but this 
would only be a use of the axiom, that if equals be taken from un- 
equals, the remainders are unequal, which admits the greater of the 
— mentioned to be comparable magnitudes: and that Euclid 

consider them as such, is all that is contended for. 

RIGHT, PETITION OF. [Perrrion or Ricur.]} 

RIGHTS, BILL OF. [Brix or Rienrs,] 
is Sekceaty OF ROP: Bpreaes Jaca peas of machines, it 

ently necessary to take into consideration the effects arising 
from the rigidity or stiffness of the ropes which pass over the pulleys 
or the axles of the wheels; and, in order to understand how this con- 
dition affects the relation between the moving power and the resistance, 
let it be observed that when a stiff rope is bent over the upper part of 
a wheel or pulley in a vertical plane, for example, the weights or 
wers applied at its extremities may not be sufficient to draw the 
ing portions into the positions of two vertical lines. Now, if 
one of the parts of the rope should take such a direction that a vertical 
line drawn the weight attached to that part, cuts the hori- 
zontal diameter of the wheel or pulley at a point between the centre 
and one extremity of the diameter, and if, at the same time, the other 
part should take such a direction that a vertical line drawn through > 
the attached weight cuts the horizontal diameter ata point beyond 
the extremity of the latter, the distances of these vertical lines from 
the extremities of the diameter being represented by « and 2’ respec- 
tively, the corresponding weights by w and w’, and the radius of the 
wheel by n, the conditions of equilibrium, instead of being w= w’, 
will be 
w (R—x) = W (Rh + 2’). 
But, if w be the weight which by descending raises up the other, the 
value of x is generally so small that it may be di ed; so that we 
have, in the case of equilibrium, 


wr=wW (n +2), or (W—W)R=W' 2’, 


that is, in order to put the system in a state of equilibrium, the excess 
of w above w’ should be equal to =. 


The formula given by Coulomb to express the force necessary for 


overcoming the rigidity of a rope, or the equivalent of "=, is 


(a+ bw); 


rv being the semi-diameter of the rope, a the force arising from the 
warping or twisting of the rope, and 6 that which depends on the 
tension arising from the weight w; the values of m, a, and 6 may be 
determined by experiments made with cords of different diameters ; 
and thus z’ may be found. M. Coulomb ascertained that for slender 
string, m=1, and that for stiff cordage the value of m varied from 1°5 
to 2; also, from some experiments made with ropes consisting of 30 
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threads and 2} inches in circumference, he found that the weights 
requisite to overcome the rigidity, when the ropes passed over a pulley 
4 inches diameter, and were strained by weights equal to 25 Ibs., 125 Ibs., 
and 425 Ibs., were 5 lbs , 84 Iba, and 23 lbs, respectively. Re fem 
Unfortunately ropes of equal dimensions differ much in rigidity, so 
that little dependence can be i on the results of general formule 
jn estimating its value. White ropes when wet are more stiff than 
those which are dry, aud the rigidity of ropes is greatly increased by 
tarring them. In , the weights necessary to overcome the 
resistance of tarred ropes is proportional to the number of the threads 
of which are composed. General Morin has latterly revised the 
observations of Coulomb and of Nayier on the subject of the rigidity 
of cordage, and has published the results of his inquiry in his ‘ Aide 
Mémoire de Mécanique Pratique,’ and in his ‘ Legons de Mécanique 
ue.’ These essays have been translated and printed in the 
* Engineer's, Architect's, and Contractor's Pocket-Book, and from 
them it appears that Coulomb's rules, tables, and formula were pre- 
on a rather confined view of the case. Morin’s own tables and 
ale are given in the translation thus quoted. 
RING. [Axxvevs.] ‘ 
RINGWORM is the term applied to many cutaneous eruptions, and 
more particularly to those on the head. It is not now possible to 
determine to which of these the name was first applied; but it is 
that the species of /erpes which appear in the form of rings 
were thus designated, especially that which nosologists call Herpes 
circinnatus, This di is still often called ringworm, when it 
appears upon the forehead or scalp; but the same name is still more 
generally applied to the different forms of Porrigo, especially P. larvalis 
and P. scutulata. The descriptions of the diseases thus confounded 
under this name will be found in the articles HeRPEs and Pornico. 
RINGS, COLOURED. [Unpvutatixe Tueory.] 
RINMAN’S GREEN. [Conatrt.] 
RIOT. A riot is a misdemeanor at common law; and is defined 
by Hawkins to be “a tumultuous disturbance of the peace by three 
or more, assembling together of their own authority, with an 
tent mutually to assist one another against any one who shall oppose 
them in the execution of some ee of a private nature, and 
afterwards executing the same in a violent and turbulent manner, to 
the terror of the people, whether the act intended were of itself lawful 
or unlawful.” The assembling together therefore in a case where the 
law authorises parties to meet and use force in concert, as for the 
purpose of suppressing rebellion or opposing the king’s enemies, or as 
part of the posse comitatus, will not constitute a riot. Neither will a 
sudden quarrel occurring among a number of persons who have met 
together at a fair, or on similar occasions, constitute a riot. But if on 
the occasion of a meeting, lawful in itself, some act of violence in dis- 
turbance of the peace is afterwards proposed, and executed in concert 
by those who are assembled, they will be guilty of a riot. The enter- 
ise must be of a private nature, not necessarily relating to an 
Pidividual, but still having in view some minor and special, and not 
a general public object. The object may be, for instance, to redress 
a grievance said to be suffered by coe x cvicrag person, or to pull 
down inclosures on lands where the inhabitants claim a right of 


common. For if the enterprise be for the purpose of redressing 
grievances throughout the kingdom, or pulling down all inclosures, the 
offence is not riot, but amounts to a levying of war against the crown, 
and becomes high treason. 

Violence, if not of actual force, yet in gesture or language, and of 
such a nature as to cause terror, is a necessary ingredient fn the offence 
of riot. The lawfulness of the enterprise operates no further than as 
justifying a mitigation of the punishment. It does not in any way 

iter the legal character of the offence, 

Two minor offences of rout and unlawful assembly, which are similar 
to riot, are generally treated of under that head. 

A rout is where parties have commenced but not accomplished.an 
enterprise, and in such a way that if the enterprise had been executed, 
they would have committed a riot. 

It is an unlawful assembly when { numbers of people meet 

with such circumstances of behaviour as to raise the fears of 
their fellow-subjects, and endanger the public peace. An assembly 
therefore of a man’s friends to defend his person against violence 
threatened to him if he appear in a P ger: place is unlawful, as such 
conduct tends to produce a breach of the peace. But an assembly in a 
man’s own house to protect hin while there, or to defend the posses- 
sion of it, ig not considered an unlawful assembly. At common law 
the sheriff and all peace officers are bound themselves to make eve' 
effort and to command all others to assist them to suppress a riot. tt 
teems also that where the emergency is great and immediate, private 
persons on their own authority may act, and even use arms for the 
same purpose. On such occasions it has not been usual for the 

to take any part pt in the pr and under the direc- 
tion of a civil authority. They are not however by law disqualified 
for any duty or relieved from any responsibility which under the same 
circumstances attaches to other classes of their fellow-subjects. 

Various acts of parlinment have been passed for the purpose of 
giving atuhority to magistrates and others in suppressing riots, and 
Thy arresting, and os rioters, e most important 
is 1 Geo, 1., st. ii. c. 5, commonly called the Riot Act, which provides 


turbance of the public peace, shall continue so assembled for the space 


that “if any persons to the number of twelve or more, being unlaw- 
fully, shes hos and tumultuously assembled together to the dis- 


of an hour after the magistrate has commanded them by proclama- 
tion to disperse, they shall be considered felons.” fae 
The form of proclamation is given in the Act, and is to be read with 
a loud voice and as his ~ — wuesiia te Persons who do 
not disperse ma seized and appre any magistrate or 
Sikakcioer or oe private person who has been commanded by a 
magistrate or an officer to assist. In case of resistance, those who are 
attempting to disperse or Spee the rioters will be justified in 
riage or killing them. It is felony to oppose the route of the y 
proclamation ; and if the reading should be prevented, those whodo 
not disperse are still guilty of felony, if they know that the reading of 
the proclamation has been prevented. ar. 
A prosecution under this Act must be commenced within a year 
after the offence has been committed. By 7 & 8 Geo. IV.,¢. 30,8.8, 
rioters who demolish or begin to demolish a church or a chapel,a 
dwelling-house, or any other of the various buildings or inery — 
mentioned in that Act, are to be considered felons, and by 7 & 8 
Geo. IV. c. 31, provision is made for remedies against the hundred in 
such cases, if to the amount of 30/.; but if the damage does not 
amount to 30/., before justices at a petty sessions, ' 
The action must be commenced within three months after 
sion of the offence; and to entitle the party injured to bring it, he 
must, within seven days after the injury done, go before a ; 
and give on oath all the information relative to the matter w 
possesses, and also be bound over to prosecute the offenders. 
With respect to unlawful assemblies of a seditious character, see 
Seprrion ; TREASON. : ! . 
RISK. In the theory of Propasrrtes the risk of loss or gain 
means such a fraction of the sum to be lost or gained as expresses thi 
chance of losing or gaining it: thus an even chance of losing 
considered as a positive loss of one-half of 40/., or of 20/.; and 2 to 1 
for gaining 60/. is counted as two-thirds of 601, or 401. If both an 
risks were encountered at the same time, the whole transaction would 
be.considered as a gain of 40/.—201, or 200., since this is the sum _ 
which would be netted by every such transaction in the long run,and 
one with another. : 


¢ 


(gain or loss, according as M is positive or negative) shall lie between 
m+landM—l. Calculate the square root of s divided by 2p (1—p); 
multiply this square root by /,and divide the result by m+n. Take 
the table in Mean (using it as in Propasiuiry, col. 774), let the last 
result be a, then the corresponding B is the probability required. 
(Wacer ; Weicut or OpservaTions. | : 

RITUAL (from vitus, in the sense of consuetuds), the book which 
directs the rites and ceremonies to be observed in celebrating divine 
service in any particular church. 

RIVER. In a legal sense rivers are divisible into fresh and salt-— 
water rivers. Salt-water rivers are those rivers or parts of rivers in 
which the tide ebbs and flows. Rivers are also divisible into public or 
navigable rivers and private rivers, 5 : 

The property in fresh-water rivers, whether public or private, - 
presumed to belong to the owners of the adjacent land; the owner 
each side being entitled to the soil of the river and the right of fishing 
as far as the middle of the stream. But this presumption may be 
rebutted by evidence to the contrary. If a fresh-water river between 
the lands of two owners gains on one side by insensibly shifting 
course, each owner continues to retain half the river, and the 
addition by alluvium belongs to the land to which it attaches itself 
unless the lands of the proprietors on each side has been marked out. 
by other known boundaries, such as stakes, &c. in the river, (Bracton 
‘ De acquirendo rerum dominio,’ ‘ Dig.’ 41, tit. 1,s.7.) Butif the 
of the river is changed suddenly and sensibly, then the boundaries of the _ 
lands will be, as they were before, in the midst of the deserted channel 
of the river. Special custom may also alter this general presumption __ 
of law. Though fresh-water rivers are presumed to be the oe 4 
adjacent landowners, yet no such owner can set up a ferry Pha Ay : 
atoll unless by preseription or by charter from the king. In early 
times also the king by his prerogative might prevent all persons from. 
fishing or fowling in any river until he had first taken his pleasure 
there. This was effected by directing a prece to the sheriff com- 
manding him to cause all persons to abstain from approaching the — 
banks. By Magna Charta this prerogative was restricted to such 4 
streams as it had been exercised upon in the time of Henry I. 
Subsequently the custom was to name the rivers in the precept to the _ 
sheriff; among these was the Avon, at least that part which flows  __ 
through Worcestershire. Eventually the prerogative fell into disuse. 

In those rivers which are navigable, and in which the public have a. 
common right to , the king is said to have “an interest in 
jurisdiction,” and this is so not only in those parts of them which are 
the ‘ing’s property, but also where they are come to be private 


RIVER ENGINEERING, 


-_ 
& 


RIVER ENGINEERING, 


106 


; such rivers are called “fluvii regales,” “ haut streames le 
“royal rivers” ; not as indicating the “of the king in the 
but because of their being i to the public use, 

of public safety and convenience being under his 
and protection. Thus a common highway on land is called 
i navigable rivers are in like manner the 
Many of the incidents belonging to a high- 
such rivers. Accordingly any nuisances or 
may be indicted even though the nuisances 
the private soil of =e pone, or the nuisances and obstructions 
be ‘abated by individ without process of law. It must not 
inferred that all the incidents of a land highway attach to 


Hey 


| 


ge 


over the adjacent land. And though a river is a 
navigable river, there is not therefore any right at common law 
ee eee gre eee OK ot 8 towing re 
; a river which is private in use as well as in property be made 
navigable by the owner, it does not therefore become a public river 
it to 
Callis says 
the king. But the 
, if intended to apply to all parts of the rivers where the 
have a right of passage, appears too comprehensive. 

But there is no doubt that in some such rivers the pro) may be 
the crown ; aa it was in the river Thames, the property in which, 
both as to the water and the soil, was conveyed by charter to the lord 
i rivera as far as the tide 


is in the king, if no other claims it by 
navigable rivers where the tide flows, the liberty of 
i (Hale, ‘ De Jure Maris et 
ejusdem’; Callis, ‘On ‘) 
the mere running water is in no one; but the 
ty his yearn een we We reeenbn on ot © 
runs pa og anger Aaccly a ‘or can have the right 
the of any other proprietor. Without 
proprietors who may be affected by his 
no ees can either diminish quantity of water, 
would ise descend to the below, or throw the 
al >, propri who claims 
back above, or to diminish the 
below, must, in order to main- 
eran terete. setenl. gre, or. Hews from the 
proprietors affected by operations, or must prove an uninterrupted 
nen Fa 
ENGINEERING. The laws of hydraulica which apply to 
the flow of water in rivers may be briefly expressed as follows :—If a 
be once established, in a channel of whatsoever section, 
of water must pass through that section in the same 
periods of time ; and it follows from this that the velocity of the current 
ly to the diminution of the area, if the 
place. As the rate of flow in open channels depends 
tation, it must increase with the inclination ; and 


: 


an equable discharge, the other conditions of cross 
made to agree with this inclination. In channels, 
uniform inclination and section, the rate of flow rapidly 
; for the friction of the water upon the sides and the 
soon counteracts the accelerating force of gravity. 

Tt alao follows, from the effects of the friction upon the wet contour, 
that the velocities of the different films of the transverse section are 
those which are in contact with the sides are 
retarded in their rate of flow, and they, in their turn, act to retard the 
themselves ; the maximum 
on the axis of the deep water—the 
Du Buat by direct experiment found 
of a stream, in an open channel, might be 

the formula r=cv; in which ¢ syne the mean 
varying between 0°76 and 0°891; and v the 
eo ager gd gm it is to consider that, for surface 
to 5 feet per second, r={v, or that 

eye rivers it that, as in the Seine, 
and in the Neva it is,e=0°75v; the horizontal position of 
the line of the mean velocity seems to range between 0°88 and 0°92 of 
the depth considered as unity. Du Buat also found that the bottom 
Velocity called v=2¢v, in which v and v retained their previous sig- 
we have, when ¥=1°25r,0=075¢; or 


locity and section, if we call the discharge 
v retaining its signification of the mean 
velocity, we have q=s8r, and from this» =<. The inclination of the 
bed, t, will be found by De Prony’s formula t=~(ae +b), in which 


P= the wet contour, or the devel length of the wetted surface ; 
UNE Uesiicecl tech; sad and C, coollelents, whksio in (atoptinn 


throughout the dimensions in metres and their subdivisiorls) made 
respectively 0°0000444 and 0-000309. Eytelwein made these co- 
efficients a =0°000024 and 4=0-000365, but it appears that De Prony’s 
values are the most correct for small channels, whilst those of 
Eytelwein are the most correct for large rivers, If again we 
call the quotient of the’ transverse section s by the wet contour 


P the mean radius, and represent it by rR, we have R = : , and the 
formula of De Prony gives us n1=0°0000444v + 00003092; from 
thence we obtain v= ./0°005163 + 3233-428 rk 1—0°07185 or v=56°86 
R1—0°072. Playfair gives this formula, in English feet and inches, 
v= +/0-023751 + 32806°6 R1—0°1541131; and from it the value of » 


can be easily ascertained if 1 and R be known, or we are enabled to fix 
the rate of inclination 1 requisite to secure a velocity such as shall 


ensure that v = ¢ when the other terms are known. 


De Prony’s formule, modified, if needs be, by Eytelwein’s observa- 
tions, will serve not only to calculate the discharge, and the other con- 
ditions of the flow of water in a regular uniform channel, but also to 
calculate the conditions of the flow of water in rivers, provided a 
length of about 500 yards can be found upon it, where the channel is 
of atolerably uniform section, and the velocity is regular. A cross 
section of the stream will give s and p, from whence R will be derived; 
and 1 will be ascertained by actual levelling. When the cross section 
is not constant the average area of a number of cross sections will 
suffice for ordinary calculations, and the inclination may at any time 
be ascertained from v by actual observation, when it is not possible to 
level the line of the mid-stream. If the river should happen to be 
divided into two branches, with marked inequalities of bed and flow, 
it would be preferable to consider each of them separately. For rough 
approximate calculations the volume of a river may be Yikewiss ascer- 
tained by the formula @=s (0°08v) in which s signifies as before the 
sectional area, and v the surface velocity; but it is essential that 
every possible precaution should be taken to secure a correct value 
for v. 

It must not be supposed that the transverse section of any flowing 
body of water is perfectly horizontal on its upper surface, because it 
will be found that piers ag: over the portion of the section where 
the greatest velocity prevails, the surface will be slightly raised above 
the level of the shallower portions of the stream. In small rivers it is 
not possible to distinguish this species of surelevation; but in larger 
ones it is at times strongly marked. A phenomenon of more import- 
ance to the stability of - consists in t! — : ce of a zone of still 
water, comparatively in close proximity to the shore in consequence of 
the greater resistance to the flow through the friction of the banks ; 
and in this of the stream may also be observed a series of small 
eddies produced by the impulsion of the current. The principal direc- 
tion of these eddies appears to be directly opposed to that of the main 
stream; and moreover it will be found that when any obstacle is 
offered to the onward flow of the water, the latter will in the first 
place heap up against this object, and finally give rise to a dis- 
tinctly marked counter current, oy REESE known as a back-water. If 
the obstacle should extend across the whole stream, the upper surface 
of the water will assume a sensibly parabolic longitudinal section, the 
apex of which will be situated at a considerable distance up stream, 
and the axis upon the 3 waterline, If the obstacle, however, 
should only be upon one bank, the back-water will not extend for any 
great distance; but it may frequently a 35 that the effect of the 
counter current would be so great as seriously to endanger the stability 
of the bank itself. The spurs, which are in many cases introduced for 
the purpose of defending the shores of rivers, when they extend far 
into the stream, produce this particular effect; and they may often be 
observed to give rise to a series of eddies, currents, and back-water, 
which wear away the shore at the points where they are joined to the 
land, on the upside especially. Another effect. produced by a projec- 
tion into the line of flow of a stream is that the portion of the current, 
which does not go to form the back-water, is deflected from its course, 
and may perhaps be made to impinge in a dangerous manner on the 
opposite bank. At any rate the current at the foot of a spur into a 
main stream ia sure to deepen the bed of the river at its foot, and to 

the channel towards the convex side of the bank; indeed this 

law holds universally, and in rivers it is always found that the deep 
water channel follows the convex, side of the meanderings, and that 
the channel thus naturally tends to straighten itself by the more rapid 
abrasion which takes place against the projections. From these re- 
marks it would follow that whenever it is desired to re; ise the 
courses of rivers it is preferable to do so by means of longitudinal 
parallel walls, rather than by spurs; and that the direction of the new 
channel should be made as far as possible rectilineal, or at least with 
curves of very large radii. M. Defontaine observed on the Rhine that 
elbows of 8300 feet radius | aor but small effects upon the bed, or 
banks, of that river, notwi i ay they were composed of easily 
rted materials; and it may be inferred from this that a bend 

whose radius should be not less than twelve times the width of the 
maximnum water line may be admitted in permanent works of this 
description. The above reasoning of course applies in the most exelu- 
sive manner to rivers whose flow is in only one direction; when the 
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idal action is brought to bear upon them, other conditions of regimen 
oe developed to me art attention will be called hereafter. , 
The nature of the materials of the bed a river may flow over will 
affect the chemical quality, and therefore the value, of its waters for 
such purposes as irrigation or water supply; and this, too, whether 
the materials taken up be ao taken in solution, or merely in mechanical 
suspension. In Ware Surrty,attention will | sated La ee CT a 
ortion of this inquiry; but at present it is advisable well upon 
the merely motes | effects produced, for the outlines of the beds 
of rivers depend mainly upon hen. Now the lohgitudinal profile of 
a river almost always forms a species of parabolic curve, whose apex is 
in the high lands, and whose base is at the embouchure ; 60 that the 
rate of flow is greater near the source than it is near the embouchure, 
the transporting and the erosive powers being also diminished in the 
une | jon. By the experiments of Du Buat we learn that the 
following materials will be carried forward by waters flowing with the 
velocities named in connection with them in the table :— 


River mud, semi-fluid silt . « Speed per second 0 feet 3 inches. 


Rrown pottery clay : 2 ” ” 0» 3t » 
Common clay ‘ ° . . ” ” 0, 6 » 
Vellow sandyloum. wt ste ao ad 0,» Sb » 
Common riversand . .  . ” ” 1» Oo » 
Gravel, size of small seeds «le ms re © » 4¢ » 
” peas . . . ” ” 0 ” 7 ” 
ue beans . .- ” ” 1» OF 4 
Coarse ballast. . . . ” ”» 25 0 w» 
Sea shingle, 1 inch diameter . . ers 2 2 » 
Large shingle . > Py . ” ” Sy 9 » 
Angular flints, size of hen's eggs . pe ” 3» 8 yy 
Broken stones . . - ” ” 4, 9° » 
Soft schistose rocks . . . ” ” 4, 4 ” 
Rocks, with distinct stratifica 4° @ 6, 9 » 
Hard rocks . . . ** ” ” 10 0 


It thence follows that when the velocity of the river attains any of 
the above rates, it will be able to attack and remove by erosion the 
materials of its banks, which would remain in suspension at those 
velocities. In designing a system of river defences, however, attention 
must be paid exclusively to the maximum, not to the average velocity 
of the stream; because in flood time not only is the volume, but also 
the velocity, greater than at any other period, and the materials of 
which the are formed must be able to resist the transporting 
power of the floods. However, in consequence of their variable trans- 
porting power, rivers in their normal state flow over materials gradually 

ing in volume as they leave the steeper of their courses 
and approach their dutfalls; and as those 
at last very fine, especially in long flat plains, they offer little resistance 


to direct the local current against the banks in a direction essentially 
different from the main line of flow, the effect of which would be to 
divert the river from its i pre Afit seer te Ben extent, 
according to the resistance of the banks. ere is another law with 
respect to the mode in which the alluvial matters brought down by 
floods or freshets takes place, namely, that when the waters overflow 
their banks they throw down those matters in the order of their 
ific gravities, the heavier ones being thrown down on the edge of 
ae a where the velocity is greater, and the lighter ones 
st wn down on the edge of the shallow water where on account 
of friction the velocity is the least. The transverse section of a 

subject to freshets will be in fact something like the sketch 
here given. banks will form slightly elevated ridges close to the 


its will fall away gra- 


f 
i 
E 
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surface of the alluvial d 
Cond are side; this condition may remain stable for some time, 
but ee ee ee 


lower level. On the Po, where the banks 
tained for centuries, the accumulation of the 
in the manner above sketched, but to 


= 
Hil 
ie 
Hae 
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such an extent as te areal source of danger; for the banks of 
the river have been gradually so raised by the accumulation of alluvial 


as to be in some cases as much as 40 feet above the extreme 
(Aucovium, in Nat, Hist, Drv.) 


- 
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A few final general remarks with respect to non-tidal rivers 
here be inserted, namely, that their volumes, even when they are of : 
com ively stable character, vary within very wide limits. Thus 
the Rhone at Lyon, at times, flows with a volume of 7000 cubic feet 
per minute, at others with a volume of 203,000 cubic feet ; the Rhine 
at Strasbourg varies between the limits of 9,500 and 164,000 cubic feet. 
per minute; the Thames at Teddington between 5,400 and 15,000 
cubic feet per minute. For the practical purposes of navigation, a 
current is considered to be slow when it does not exceed 1 foot 6 inches” 
per second ; a velocity of between 2 feet and 3 feet 6 inches per second 
is considered to be an average one; beyond the latter limit the 
of the current is considered to be decidedly unfavourable to an upwai 
navigation, and if the stream should flow at the rate of 6 or 7 feet 1 
second, no boats can economically be made to work against it. 
the rate of inclination of the bed of the river attains between 5 and 
in 10,000, the velocity = the current pecots too great to sen of the — 
navigation being carried on against it by the ordinary modes of trac- 
act Wik by the use of steam tugs worked by high-pressure expansion 
engines, the Rhone has been navigated against the stream, even though __ 
its inclination has been on the average of its course from 7 to 8 
10,000. Rivers which do not present a t depth of 1 fo 
inches, with an available width of at least 14 feet, are not 
receive any kind of navigation, and they can only be rendered aya 
for commerce by being canalized, or by being converted into wha 
continental engineers call floatable rivers, Streams of this kind oc 
in mountainous and woody districts, and are much used for the 
pose of floating down rafts of timber, or such nat productions - 
are not likely to be injured by being occasionally su oa WI 
the width and depth of a river exceed respectively 18 a 
inches, a barge navigation may be established, pro of course 
the rate of flow be not unfavourable ; and when the width and ¢ 
of the stream become de gig 60 feet and 8 feet, the river 
navigable for sea-going vessels, ‘The modes of propulsion to be 
must depend upon local circumstances. In still water animal 
is the most economical; steam is frequently used in deep water 
and river navigation; whilst sails, oars, and tides are freq 
sorted to for this purpose in rivers adapted to their use. ; 

In the lower parts of the courses of rivers di ing their w 
into the ocean, and even to some extent in those di ing into 
inland seas, a very marked interference takes place in the condi 
the currents, in consequence of the periodical tidal action. The 
themselves are produced by the periodical elevations and de i 
the level of the sea, caused by the combined action of the sun and 
moon, and under such circumstances they are naturally of greater 
amplitude on the shores of the larger bodies of water ; on the Pacific, _ 
for instance, they are greater than they are upon the Atlantic; upon 
the latter, again, the tides are greater than upon the Baltic or the 
Mediterranean. The rising tide is called the jlood ; the falling tide, 
the ebb ; and the returns of the tide take place twice in each con- 
secutive interval comprised between the returns of the moon tothe __ 
upper meridian. The mean length of this interval is 1:03505 day, so 
that the mean interval between two successive high waters is 0°517525 ' 
day, and the mean time of low water divides this interval againinto 
two nearly equal portions. As in the case of all quantities susceptible 
of a maximum and a minimum, the increase or the diminution of the __ 
tides towards their limits is proportional to the squares of the time  _ 
elapsed between the high and low tides. The height of the full tide 
on the sea-shore varies, normally, every day according to the phases 
of the moon; it is greatest at the syzigies, and least at the quadra- 
tures; but it is to be observed that in every place there isa species of = 
retardation in the period of the high tide, as compared with the exact 
astronomical periods of the moon's changes, which is technically known 
by the name of the vulgar establishment of the place, and which 
depends upon laws to be noticed under Ties, he rise of the high 
tides is usually proportional to the fall at low tides, but there is an 
irregularity between the heights of the two tides of the same day; the 
rise and fall at the ee a is about double those of the quadratures, __ 
the former bei the spring tides, the latter the neaps; butit 
may be added, the former are much increased when the moonis 
et ape An augmentation in the rise of the tide also takes plac 7 
when the sun's declination is zero, or at the period of the equino: 
and the greatest normal tide occurs when a new or full moon hap; % 
to occur near the equinox, when the moon is in perigee; her 
action would be still further increased if her node should en to 
coincide with the perigee. The other causes of the variations in the 
— of the tides may be neglected for the present, with the exception — 
of those which are likely to affect their conditions in and upon rivers. 

Thus, in cases where the tidal undulation is confined within a_ 
narrow gulf it becomes considerably increased in amplitude; and its 
reflection from the opposite shore may also increase that amplitude, 
ees in the recesses of such coasts. It is on this account that 
whilst at St. Helena in mid Atlantic, the rise is only 3 feet, and in 
Northern Atlantic it never exceeds 10 or 12 feet, it is in the Ba: 
Mont St. Michel, 46 feet; in the Bay of Fundy, 50 feet; and in 
Wye, at Chepstow, 60 feet. High ws fe and especially the equinoc-— 

gales, when they coincide with the spring tides may also give 
to great irregularities in the amplitude of the tidal range, and instances 
have even been recorded in which the tides of the quadratures 
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small 

where the normal rise of the tides is only from 6 to 12 
to3 feet. The most remarkable cause 
the range of the tides is, however, to be met with in 
oceanic currents, and the manner in which they act varies in almost 
ucing some very singular interferences with the discharge 
waters, and with the deposition of the alluvial matters 
ures of rivers, whether the alluvions be brought from 
the interior‘of the country. 
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For instance, upon the shores of we find that in consequence 
of the set of the tidal currents in the , the bars at the mouths of the 
rivers between Land’s End and P. , point from N.W. to S.E., as 
a general rule ; between Portland and Selsea Bill, the in-shore tide 
runs in a direction opposite to that of the tide in the offing, and the 
bars of the ri also point from N.E. to 8.W. On the Atlantic 

of the bars point rather S.E. to N.W.; they have the 
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hep ye Cary ag ots ad Po, pad ach gears 
England, upon open coast point 
N.W. to S.E. In the mouth of the ‘Thames two tidal 
meet, which have an origi 
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many instances of the double 
great tidal wave from a pro- 
ir embouchures, on the line of 

ve; and the conditions of the deposition of alluvial 
vers are thus very different from the conditions ordi- 
only technical peculiarity connected 

; because, in fact, the double tide is not so powerful as 
carrying forward a barge navigation ; 
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reason of its retaining a t of water 
the whole of the (so ) slack-tide. 
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duced in our own colonies, and espec 
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been raised effect of storms to a greater height than those of vial deposits both from the sea and from the land; and if a second 
the syzigies. disturbing effect of storms is, however, the greatest contraction of the water-way should take place abruptly above 
in seas with tidal range; as upon the French shores of the | the inner bay, the peculiar phenomenon known by the name of the 


eagre or bore may be observed. The bore, in fact, is caused by the 
sudden influx, into a narrow channel, of a large volume of water flow- 
ing with considerable velocity, which rises in the form of a sudden 
wave, and constitutes a serious source of danger to the small craft 
navigating the rivers where it exists. On the Hoogley and on the 
Amazonas the bore sometimes rises almost literally like a wall of 12 
feet in height ; on the Severn and the Seine it is often 6 feet high, and 
advances inland at the rate of about 6 miles per hour; on the Trent 
the eagre often rises as much as 8 feet, at Gainsborough, and there are 
even rudiments of the bore to be detected in the Thames. The bore 
of the Seine has been diminished by the works lately executed for the 
regularisation of the bed of the river above its embouchure, in the bay 
of Havre. Siscpet- i 

The practical rules for the improvement of a river must evidently, 
from what has been said above, be susceptible of endless varieties, 
according to the nature of the stream, and the purposes to which it 
is intended to be applied. Even if no direct commercial benefit is 
anticipated from such operations, it must always be desirable that the 
flow of water should be kept as regular as possible, and the bed of the 
stream should be made to render the greatest amount of service as an 
outfall for the surface drainage. There are, however, few rivulets 
which might not be made to render service for irrigation purposes, and 
directly the flow of water becomes sufficient to allow the establishment 
of water-wheels, working occasionally or continuously, the streams 
become of great economical value. It is difficult to discover how the 
right of property in running waters has been established; and it isa 
matter of serious doubt even whether the existence of such rights be 
not in itself frequently a source of public ineonvenience; but as this 
state of things has existed from time immemorial it must be dealt with 
in its actual form, if it were desired to improve any particular stream. 
The precise objects aimed at in such operations are mainly to retain 
the waters in their beds, and to regularise the conditions of the flow 
of water in the channels; to prevent inundations, in fact, and to keep 
the stream constantly in a state which should enable it to perform the 
services it is applied to. 

As to the prevention of inundations, that object may at times be 
, @ system of reservoirs in the upper 
parts of a river's course, which should perform the same function 
which the Swiss lakes perform for the rivers coming from the Alps, 
that is to say, should store the storm waters during the winter months 
for the p of distribution in the season. Works of this 
description have been executed in the East, and they have been 
recommended for France; they might be very ‘advantageously intro- 
ly in South Africa and Australia. 
In Resenvores the modes of executing this icular class of works 
has been alluded to; and the reader may referred, for further 
information on the subject of their influence upon inundations, to 
Frisi's work upon ‘ Torrents,’ to Valles, Savigny, Suzell, Hun, Ribbe, 
Babinet, &c., who have written at length on the inundations of France. 
For the present it may suffice to add, that when the rivers kecome of 
sufficient volume to cause us inundations, there seems to be 
less danger when the banks of river are dressed off at the height 
of the ordinary winter flood lines (so as to allow the waters when they 
exceed that level at once to flow over the country), than when the 
waters are confined within narrow banks raised to a considerable height 
above the surrounding lands. In some places on the banks of the 
Po, a river subject to violent floods, the banks are made of two 
descriptions : “in froldi,’ when they are raised to the n 
extreme height at once, and on the margins of the stream; and “ in 
golene’ when they are raised at a great distance from the margins, 
so as to interfere as little as may be with the spread of the waters. 
The former course is adopted when the valley of the river is narrow 
and the foundations are good; the latter, when the valley widens out, 
and there is any of the undermining of the inane A double 
system of dykes, such as the one adopted in Piedmont, might perhaps 
save the dwellings upon the banks of the Rhine and of the Maas, from 
the returns of their disastrous inundations; at any rate it 
Ww materially increase the security of the banks themselves when 
ice floats down in large quantities, as the piling up of the hummock 
ice ia more injurious to the light earthen or fascined embankments of 
those rivers even the fl themselves, 

The embankments thrown up for the purpose of protecting the 
submersable districts on the side me river must be made of a great 
thickness, and with every imaginable precaution to ensure their 
stability and their water tightness. The surface exposed to the wash 
of the current must be protected if the embankment should be com- 


im- | posed of easily transportable materials, by stone pitching, planking, 


concrete, wattling, cribwork, or by fascines, tunnages, or clayonnages, 
in the manner practised by the German, French, and Dutch engineers. 
Asa general rule the tops of these banks are made wide enough to 
carry a road; and it is essential to make provision for removing trom 
the landward side the: drainage waters which may there accumulate ‘ 
it would be better to effect this operation by lifting the drainage 
waters over the bank instead of passing them under it. Local con- 
siderations must, however, regulate the choice of. all these details, as 
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well as those connected with the materials to be used in the formation 
of the bank iteclf. k j 
For navigation purposes the improvement of small streams in thinly 
1, mountainous, and woody districts, is almost forcedly limited 
to converting them into floatable rivers ; and this is often ¢ ected by 
throwing « set of dams across the rivers, so as to form as it were locks 
of still water, in which the timber can be made into floats, and moved 
towards the sluices formed in the dams, which are opened whenever 
there is a sufficient acoumulation of water to float the timber to 
the next pond. The width of these sluices is usually made about 20 
feet, and the fall varies between 3 and 4 feet; but as the sluice-gates 
are opened suddenly and the waters escape as it were with a flash, it is 
not desirable to oes hs the fall great. There are some very good works 
“of this description on the Yonne, above Auxerre; and the dimensions 
of the one at Régilbert may perhaps be added, as a model for our own 
colonial engineers. The and sluice are formed by carrying out 
walls from both banks, in a species of funnel shape, with its wider 
mouth towards the upstream, of 233 feet in width, and a length of 
about 210 feet from its commencement to the passage, which is 20 
feet in width and 33 feet in length to the sluice. Beyond the sluice 
the wing walls open out fora distance of 20 feet, at the end to 
the down stream they have an opening of 24 feet; a floor, for the 
purpose of obviating the inconvenience of the cataract produced by 
the flash of water, is continued beyond the wing walls; the water is 
ponded up toa height of 4 feet, and the sluice is opened, and in a fit 
state to pass a raft, within about eight minutes. Occasionally it is 
desirable to combine sluices of this description with locks, or, in fact, 
to combine a navigable and a floatable system. In these cases the lock 
should be placed in the still water, on the opposite side to the flashing 
sluice; the latter being itself near the head of the lock chamber, and 
the tail of the lock being placed at a sufficient distance from the end 
of the dam to obviate any danger from the back-water, or cataract of 
the sluice. 

The most generally successful mode of improving rivers of small and 
i volume is, however, their conversion into still water, or canal 
na’ ions, by the construction of locks, waste weirs, and moveable 
dams. The positions which are the best fitted for the construction of 
the locks are upon the subsidiary channels formed by the islands in 
the mid stream of the river; and, unless some pec local circum- 
stances should intervene, it is customary to form the dam and waste 
weir near the head of the smaller branch, and to place the lock at the 
lower end of the island; so as, in fact, to convert the smaller branch 
into the navigable channel, and to leave the wider branch as the storm 
or waste water , or goit, as it is technically called. The prin- 
ciples of construction of locks, &., are of course the same in these cases 
as in canals [Cava]; and perhaps this portion of the subject may be 
dismissed, by saying that the only special works required for river 
navigations are by means of which sudden floods are allowed to 
pass; for especial care must be taken to guard against the formation 
of cataracts on the down side of the lock gates. The style of move- 
able dam used upon the upper Seine appears to be one of the most 
satisfactory of any yet tried, and it might advantageously be adopted 
on manyof our colonial torrential rivers. Their mode of construction 
has been described in a special treatise, by their author, M. Poirée, 
but a brief account of them will be found in the ‘ Aide-Mémoire of 
Military Sciences,’ article, River Navigation. 

The position of the towing-path is, after all, one of the most important 
parts of the operations connected with the improvement of the navigation 
of an inland and non-tidal river; and it may be stated that this path should 
be placed, wherever it is possible so to do, by the side of the deepest 
water, and immediately upon the banks of the river. The theoretical 
conditions required for such paths are, that they should be exposed to 
as few impediments to the of the tow-ropes as may be, and 
that the direction of the haulage should not be too oblique. It is 
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the stream, the second path ap Sed mes only 6 feet 

. The height of the towing-paths should be made such as 
w of their being overflowed directly the river rises to such a 
. edn to bg aging navigation 18 ; OF per- 

e le wou y eep the top of the -path onl 

above the ordinary winter flood line. Great attention as active 
maintenance of the banks and of the roadway of the towing- 
ee eee navigation be maintained; the banks in this 
should be pitched, and the surface of the roadway macadamised. 
streams or small affluents should be bridged over, so as 

cid the necessity for casting off the tow-ropes on approaching 


rivers with light and easily moved beds, and which are subject to 
it floods, the navigable 1 will be found to run between 
islands, and occasionally to shift from one to the other bank 
stream. In such cases it uently becomes necessary to 
the bed by forming a new channel, or to fix the current in- its 
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y | is true that hitherto little inconvenience has been felt in the Tham 


Rhine, Rhone, &e., which are built in such a way as to offer the 


original direction by works which should confine it in one of its 


previous channels. ‘This class of operations is one which requires con- 


summate skill, for the nature of the foundations is such as to render it 
more than usually difficult to contend with the undermining action of 
the stream itself, and any injudicious diversion of the current will in 
all probability endanger the banks of the river for a great distance. 
The most simple rules of a general nature hitherto applied in settling 
the dimensions and directions of new channels may be stated as 
follows: it being always observed that local circumstances may modify 
their application in a very serious manner. dear, ink dito: -- 4 
the conditions of flow in the channels, it is known t the Se 
vary in the inverse ratio of the cube roots of the widths; and i 
that the cubes of the depths are in the inverse ratio of the widths ies 4 
practice the capacity of the new channel should be made equal to th 
of the ancient one, but the capacity in question should be obtained, — 
wherever it is possible, by increasing the depth at the expense of : 
width, All obstacles to the navigation, in the shape of trees, rocks a 
shallows, &c., should be removed; and the new channel should be con- 
nected with the old one by curves of considerable radius. The banks ~ 
of the new channel on the side opposite to the towing-path should be 
made in such a manner as to allow the water to flow into the bye- 
wash as soon as the floods bring down an abnormal quantity of 
and it is very seldom, in ordinary river-barge navigations, that 
crowns of the dams forming the bye-washes are raised more than 
feet above the full summer level of the stream. Excellent ex: 
of the mode of constructing these lateral banks are to be fo 
Smeaton’s works on the Carron, Telford’s on the Weaver, 
D. Stevenson's on the Ribble, though in some of these cases the 
action intervened; perhaps the best treatises to bé consulted on = 
subject are, however, a ‘Mémoire on the Rectification of the Bed of the 
Midouze, in the ‘ Annales des Ponts et Chaussées,’ 1831; a ‘M ‘ 
on the Defence and Improvement of the Navigable Channel of 
Rhine,’ by M. Defontaine, in the same publication for 1833; 
Sganzin’s ‘Cours de Construction;’ and in Brook's, Calyer’s ai 
D, Stevenson's treatises on River and Canal Engineering. ; 
The treatises last mentioned are, it is to be observed, more pai 
larly composed with reference to the ineering works required fo: 
the improvement of the tidal or of the salt-water portions of rivers ; 
but it may be added that, in all cases, the results of experience show 
that the most certain mode of ising and deepening the bed of 
river is by the establishment of continuous longitudinal embankments. 
With respect to the tidal or marine parts of the streams, the only — 
remarks to be made in addition to those previously appliedinthe 
course of this notice are, that so long as the rivers di into seas 
wherein the tidal action takes place without interference, the navi- 
gation may be improved, and the depth of the channel maintained in 
an efficient state simply by the construction of lateral embankments, 
diminishing gradually in width according to the quantity of water 
flowing inland. Any sudden widening or contraction of the channel is _ 
injurious; but nature will eventually remedy the former disadvantage, _ 
for alluvial matters will be thrown down in the species of bay thus — 
formed, and all that will then be required will be to keep the ma 
channel open, in the precise direction required, by works of compara- _ 
tively easy execution. In rivers like the Thames and Medway, the 
Seine, Rhine, &c., where the flood tide is enabled, by the peculiar laws __ 
of the deep sea currents, to carry in more alluvial matters than the ebb _ 
can remove (and in discussing this question of the movement of 
alluvions in rivers, the difference in the specific gravities of salt and of 
fresh water must not be lost sight of), in such rivers there must always 
be a danger of the channels becoming gradually silted up. The proper 
course to be adopted in such cases is to combine an efficient pe ah 
dredging with a regularisation of the upper portions of the channel, 
as to develope and to concentrate the scouring action of the tide a 
of the current to the utmost extent; but it must always be rst 
that rivers placed under the action of this peculiar set of laws can on 
be kept open by the exertion of great skill, energy, and enterprise. 
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in the Medway, however, a gradual shoaling up of. the tidal portio 
the river has been observed ; the mouths o: the Rhine are ot ess vi 
being ,choked ; the mouth of the Scheldt is becoming less and les 
adapted for large vessels; and the Seine has been shown to presen 
this peculiar characteristic, namely, that even at Rouen the alluv 
mud congists rather of materials brought in by the flood tides fr 
the sea, than of materials brought down from the interior by the fr 
water. It may also be added, that, as the height and volume of 
in a tidal river depend far more on the quantity of the tidal stream 
than upon any supply from the interior, it is comparatively easy to — 
calculate the height to which the water may under any circumstances 
rise ; and, when this has been ascertained, the banks on either side 
should be carried above the highest water-line ; where towin 4 
are used in rivers of this description, they should, if possible, be 
cone — on tidal kage t of about two to three miles per 
v considered to vantageous for the trade of a river; 
is to the extraordinary facilities offered by the tides of the inns 
that we may attribute the singular form of barge used upon it, The: 
barges are in fact little better than logs which float on the top of the 
tide, and they contrast ly with the barges used on the Seine, — 
ee 
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” possible resistance to the current they are obliged t encounter beyond 


the tidal action. - 
: information on the subjects alluded to in t his article is to be 
found (in addition to the works ly named) in Rot ison’s Mechanical 


ae? in Ellet’s Mississippi and Ohio Rivers ; in the Raccolta dei 

Autori Italiani chi trattono del moto del acque ; Weibeking’s Theoritische 

Practische Wasserbaukunst : De Prony’s Nouvelle Architecture Hydrau- 

ae ; D’Aubisson’s Hydraulique ; General Baird Smith’s Reports, and 
works on Irrigation, &., ke. 

RIVER IMPROVEMENTS. [River Enciveerrne.] 

RIVERS are the flowing waters which bring to the sea, and some- 
times to a lake, the waters which are collected within a certain portion 
of the earth’s surface. The country which is thus drained by a river 
is called ita basin, as the river runs in the lowest part of it, and the 
i all sides with greater or less steepness, in the fashion 
The margin of such a basin generally lies 

to the basin of another river, and thus constitutes the 
coterie of the two basins. From these margins the waters 
both sides towards their respecti 
them, and hence the whole line of these margins is called 
ly the ing. [WaTERsHED.] 
rivers greatly in size. A brook is the name com- 
smallest description. When such a river 


brook is changed for that of rij The basin of a rivulet is therefore 
more complicated than that of a brook. One or more brooks descend 
from the margin of the basin, and uniting their waters with those 
of the rivulet, increase its volume. several rivulets unite and 


#0 produce a considerable volume of running water, this watercourse 
takes the name of river. But all such rivers do not reach the sea, or 
even a lake; 


first waters of a river are generally derived from a spring, which 
out at the declivity, or on the side of some hill or 


rivers have their in very elevated mountains, or on 

, in descending from which a great difference with 
rapidity of theirfoourse, and the nature of the country 
eee, ee Sor, Ss chserved., According] 


geographers divide 
of the course of such rivers into three divisions, the upper, 


upper course of such a river lies within a mountain region, and 
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mountain-region decreases with great rapidity, the current of the river 
is extremely rapid, and nick 

The force of the current is so great that pieces of rock of con- 
size, w! frequently detached from the overhangi 


cannot 
where the rapidity of the descent begins to diminish. 
the banks of the river often rise 
their bases are united by slopes 
an angle, water runs on bare rocks, without 
covering of earth. Thus the river does not flow in a valley, 
a cleft or ravine, which cuts deep into the mountain masses. 
is between the river and the 
space is only obtained by artificial 
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part. This peculiarity in the formation of the ravines of mountain 
streams was observed by the Spaniards in the Andes of South America, 
who called them quebradas, or broken; by this term tacitly assuming 
that the phenomenon had been caused by a violent disruption of the 
mountains. This description of mountain-streams and their ravines 
applies particularly to those of the western Alps along their southern 
declivity, to those rivers which constitute the upper branches of the 
rivers Doria and Sesia, to the valleys of Anzasca and Vedro on the 
southern side of the great road of the Simplon, and to the still larger 
valley of Aosta, through which the road leads from Switzerland to 
Italy over the mountain-pass of the St. Bernard. The military road 
of the Romans was made through the Val d’Aosta; but in these parts 
it was only practicable for beasts of burden. Such deep ravines not 
only occur between the gigantic elevations of a high range, but like- 
wise in the elevated tablelands. According to Dr. Beke, the rivers of 
Abyssinia, nearly all affluents of the Nile, or of its great tributaries, in 
the early part of their course, flow over the level surface of the table- 
land, being little more than muddy brooks, nearly without water in 
the dry season, but overflowing their banks so as almost entirely to 
inundate the plain country during the rains. They escape from the 
plateau by precipitous falls of 80 or 100 feet or more, into fissures in 
the rocky surface, at first only a few yards in breadth, but gradually 
opening to the extent of several miles, down which the stream hurries 
in a succession of falls and rapids, so as to descend several thousand 
feet in the course of a few miles. In these deep-cut valleys, the rivers 
thus soon reach a depression of 3000 or 4000 feet below the general 
level of the table-land. The larger valleys are of considerable width ; 
that of the Abai, or Nile of Bruce, the upper course of the Babr-el- 
Azrek, or Blue River [Nizz, in Goo. Drv.], for example, is at least 
twenty-five miles between the extreme’ points where it breaks away 
from the table-land on either side. “And as the country is wild and 
irregular,” remarks Dr. Beke, “it is easy for a traveller, who has not 
taken a comprehensive view of the entire region, and who finds himself 
shut up in such a valley with a mass of broken country surrounding 
him, to believe that in ascending from the river he is crossing a 
mountain chain ; whereas, in reality, he has merely reached the con- 
tinuation of the table-land which he had left on the opposite side of 
the river.” The great rivers of India present corresponding pheno- 
mena to those of the East African table-land, but on a more immense 
scale. [Pianys.] Humboldt observes that the plain of Quito, which 
is nearly 10,000 feet above the sea, is intersected by ravines, which 
in some places sink eo deep that their bottoms are hardly more than 
2000 feet above the sea-level; and he adds that some of them are so 
narrow as not to contain the smallest cultivable space. Similar ravines 
intersect the table-lands of Guatemala and Anahuac, where they are 
called catiadas, a term, however, which does not imply the existence 
of rivers in them or relate to that circumstance, but merely to the 
abrupt descent of land. 

WwW the mountain-region through which the upper course of a 
river lies descends with less rapidity, and consequently occupies a 
much greater extent of country, the mountain-streams, as well as their 
banks, t very different features. Both the streams and the 
banks show that the descent of the whole mass is not by a regular 
slope, but. is formed by an alternation of plains and declivities ; in 
ascending such a mountain-stream, it is found that in certain places 
the rocky masses ap so near to the banks, as to leave hardly 
room enough for the river, and in these narrows the current is 
extremely swift, and generally a continual rapid, interrupted by falls 
of moderate height. These narrows however rarely extend more than 
a few miles. Above them the mountains recede to some distance from 
both sides of the river; and thus a basin is formed, in the middle of 
which the river flows with a comparatively slow current, not over bare 
rocks, but over a gravelly bed, and between low banks of earth. The 
bottom of the basin is level, or descends with a gentle slope, and ma: 
be cultivated or used as pasture-ground. In some of the rivers whic 
descend from the central and eastern Alps, this alternation of narrow 
passes and basins occurs several times, Thus the Reuss, along which 
the great road runs which leads over the mountain-pass of St, Gothard, 
rushes with incredible velocity through the ravine of the Hospendal, 
and falls 1800 feet before it reaches the basin of the valley of Ursern, 
whicl: is nearly eight miles long and more than half a mile wide, and 
in which it runs with a gentle course. At the northern extremity of 
the valley of Ursern the river enters the second narrow at the 
Urnerloch. This narrow, which extends about three miles to Geshinen, 
is extremely contracted, and within these limits the river descends 
1074 feet, forming a succession of small cataracts. Below this is the 
basin of the Krachenthal, which is not so wide as that of Ursern, and 
about six miles long. The course of the river within this basin is 
rapid, but there are no cataracts. From this valley the river escapes 
by the third narrow, which is about four miles long, and also very 
contracted; it terminates at the vi of Am-Stiig, where the Reuss 
enters the valley of Uri, in which it flows until it mingles its waters 
with those of the lake of Uri (Urner-see), as the southern part of the 
Vierwaldstiidter-see is named. The same conformation is observed in 
the southern declivity of the Alps, where the river Ticino descends 
from the mountain- of St. Gothard. This river runs in a ravine 
from the H to Airolo, in which it descends about 2880 feet. 
It then enters the upper valley of Leyentina, which is about seven 
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miles long and half « mile wide, and in which the river is rapid, 
lest has po cataracts, It issues from this valley by a narrow about two 
gailes long, between Tl Dazio and Faido, where a series of beautiful 
waterfalls occur, and the ravine is so narrow that an artificial road has 
heen cut on the adjacent mountain called the Platifer. At Faido the 
Ticino enters the middle valley of Leventina, in which it flows with 
great rapidity to Giornico, a distance of about fifteen miles, but 
without forming any falls, The valley is less than half a mile wide, 
and often interrupted by rocks, Above Giornico the river enters a 
short narrow, at ou! from which it forts cataracts, and then 
reaches the wide valley called the Lower Valley of Leventina, in which 
it Bows with a comparatively gentle course to Lago Maggiore. The 
greater number of the rivers which originate in the Alps and Pyrenees 
are of this latter description. The basins which occur in these river- 
valleys at some remote iol have been filled with water, and 
this may have been i off by the rivers forming an outlet for 
the waters by the narrows which now connect their basins with one 
another. 


A remarkable peculiarity of most of the rivers joining the Nile, 
t of course on the structure of the country through which 
they flow, is that they have a circular, or rather a spiral course, so that 
alter having described a curve of greater or less extent, round the 
jeolated mountain masses which break the uniformity of the table- 
lana of Abyssinia, they return upon themselves at a comparatively 
ebort distance from their sources. As instances of this may be 
mentioned the Mareb, or Khor-el-Gash, the Bellegas, the Abai, the 
Gibbe, the Godjeb. 

In some places the elevated mountain-ridges border immediately on 
low plains. In such cases the rivers cannot be said to have a middle 
course j for as soon as they reach the plain their character is 
and the —_— torrent is converted into a gentle stream. Thus the 
Marahon, issuing from the Pongo de Manseriche, and entering the 
great plain, flows slowly through the alluvial level; and the Ganges, 
after leaving the Himalaya Mountains, at Hurdwar, flows with 
great bends through the immense plains of India. [Huxpustan, in 
Gnoo. Drv.] All the rivers which descend from the southern 
declivity of the Alps to the plain which the river Po traverses 
are the same description. In most cases, however, the 
mountain-regions are not in immediate contact with the plains, 
bat are seperated from them by hilly tracts, and that portion of 
the course of a river which lies through such a hilly region is called 
the middle course. The rocky masses rarely approach the bed of a 
river which has s middle course, but retire to some distance from 
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or hilly region to the low plains along the coast. There are of course 
rapids where these ledges occur, : 

he lower course of rivers usually lies through a plain, In general 
there are no hills which constitute the outer margin of its course, and 
consequently there is no bottom or valley through which it runs. 
The banks are very little raised above the surface of the waters, and 
the level ground extends toa greater distance, The current is slow, 
the fall being very small. Thus it was observed by La 

that the Amazonas from the narrow at Obydos to its mouth, a 
distance of 700 miles, does not fall quite 12 feet, or little more than 
02 of an inch per mile. It can hardly be conceived that a river with 
so small a fall could propel its waters, and as the current of the 
Amazonas is considerable, it can only be accounted for by suppe 
sing that the enormous volume of water which the river ing 
down, drives on by its pressure that which is before it until | 
reaches the sea. fAmazonas, in Groc, Dry.] The surface of the 
Elbe at Hamburg, about 70 miles from the North Sea, is not 
more than 6 feet above the sea, and the fall mile very little 
exceeds an inch, The surface of the plain through which a river runs 
generally consists of an alluvium, which the river has deposited during 
the inundations. The matter of which this alluvium consists is soft 
and loosely bound together, and consequently the current, slow as it 
is, has power enough to remove a portion of the banks from one side, 
and to deposit the detached matter on the other, Thus great Ha 
are produced in the courses of rivers in the lapse of time. or 
Rennell surveyed a large portion of the lower course of the Ganges, 
the time. He also observed the 
changes which the river had produced in its bed. About years 
afterwards the course of the Ganges was again surveyed, for the 
purpose of establishing a steam navigation, and it was found that the 
course of the river hardly in any place agreed with the maps of 
Rennell. The most remarkable circumstance however is, that a river 
frequently divides into a number of arms, each of which runs to the 
sea, though some branches re-unite and again detach themselves from 
one another. Thus the Danube reaches the sea by seven arms, as the 
Nile formerly did, according to the ancient accounts, though there are 
now only five arms in the Nile. Our best maps represent the number 
of the mouths of the Ganges as amounting to ten at least. This 
division of a river into several arms is easily understood when the soft 
nature of the alluvium is considered : and if we suppose that the river 
in its operation of changing its bed, finds in its way a piece of rock or 
other matter harder than the alluvial soil, by setting against such an 
obstacle the current is divided, and flows on both sides of it: the 
following inundation removes still more of the alluvium, and thus, in 
course of time, a new arm is formed. 

The country which is enclosed by the arms of a river is called its 
delta, from the form of the Greek letter 4, which the delta of the Nile, 
that which was best known to the ancients, greatly resembles ; but the 
term is generally appropriate, as most river deltas have that form, To 
the base of the triangle, however, the deposit of matter brought down 
by the river adds a curved projection seaward, rendering the entire 
form of what is called the delta that of the sector of a circle. It 
is a common conjecture that the space which is now occupied by the 
delta of a river was once a part of the sea, which was filled up by the 
débris and earthy matter rite. we down by, the river from the 
mountainous and hilly country throtgh which its upper and middle 
course lie. This supposition is strongly supported by the nature of 
the soil, which evidently consists of matter brought down by rivers, 
and not of such as the sea leaves behind when, from any cause, it 
retires. (On this subject see Captain Spratt’s ‘Investigation of the 
Delta of the Nile,’ as referred to in the article Quicksanps.) It may 
be added, that this operation of rivers on during the inundations, 
for after the waters have subsided the surface of a delta is found to be ~ 
covered with a very thin layer of mud, which soon becomes dry earth. 
The deltas of rivers which are annually swollen by rains, which is the 
case between the tropics, are generally much more extensive than those 
which are formed by rivers whose inundations are only produced by 


the melting of snow. 
There is a river of first-rate magnitude which has no delta, thong 
to, be 
t. Lawrence 


it seems to possess all those qualities which are sup 

uisite to the formation of such an alluvial tract : the e 
in North America reaches the sea by a kind of bay, which extends 
upward of 300 miles, and gradually increases in width from three to 
above one hundred miles. One would suppose that the form of this 
bay would render it subject to be easily filled up by the 
brought down by a river whose course exceeds 1800 miles; 
we do not find that an alluvium of any extent has been formed along 
the banks of this wide wstuary, except on the cs bank below 
Quebec. This single instance might throw some doubt on the re 
that deltas are formed by rivers in the way aboye mentioned, 
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og ogy laaperng tones one lake to the other 
i es. Thus this large river brings no débris 
earthy matter, or very little, to its wide estuary, which can- 
therefore be changed into a delta by the accumulation of such 


large rivers, as already observed, admit of this division of 
parts, an upper, a and eo ae 

i from rare. It sometimes happens 
eactebats features by which the middle course is distin- 
in the upper course. This takes place when a river 
elevated table-land, and traverses a considerable part 
Indus, the Sutlej (an affluent of the Indus), and the 
the elevated table-land of Tibet, and drain a portion of 
of their course they resemble the middle course 
Danube. But where they leave the plain and enter 
mountain-region of the Himalaya, they resemble the moun- 
tain-streams of the Alps, except as to the volume of water. When the 
Indus and the Sutlej have descended into-the plains of the Punjab, 
they assume the character of the lower Rhine and lower Danube. The 
Sampoo, after leaving the mountain-region, traverses a hilly tract of 
Giibdih, Sa. valley of Asam; Velone 18 enters the alluvial plain of 
Benes. There are other rivers, in which only the characteristic 
ee ee ees : the number 
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Republic, rivers of this kind are numerous between 28° and 34° 8, lat., 
. As very little rain falls in some of these coun- 
others none at all, the rivers are supplied with water by 
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It is remarkable that some of these rivers and all the 
terminate, are salt in South America; and it is 
this is alao the case with most of those on the Mexican 
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In this respect rivers may be divided into three classes : the 
comprehends the rivers whose inundations are produced by the 

of snow and ice; second comprehends those which are 
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are less violent, and cause less damage than when they are short; in 
the latter case the whole mass of water suddenly deluges the country, 
while in the former the water rises slowly. This difference in the 
inundations of rivers is mainly to be attributed to the direction in 
which they flow. Let us take a river like the Mississippi, which flows 
from north to south through 17° or 18° of latitude. In winter the 
basin is covered with snow, and if the whole were melted in a few 
days, it would produce such a volume of water as would probably cover 
nearly half the basin. But the melting of the snow is gradual. Whilst 
the temperature in the northern districts is below the freezing-point, 
the spring has already made considerable progress in the southern 
districts, the snow which has there fallen has been dissolved, and the 
water thus uced has had the requisite time to run off and reach 
the sea. us with the progress of the sun towards the northern 
tropic, the line of the melting snow proceeds northward, and thus the 
supply of water runs off gradually, until the snow of the most northern 
region is dissolved. More than two months elapse between the melt- 
ing of the snow in the northern region and the commencement of the 
melting in the lower part of the river. The inundations of the Missis- 
sippi erefore are not extensive, if the great length of that river and 
its affluents be considered, but they last from three to four months. 
A considerable part of the delta of that river is indeed under water for 
six months, but this must be ascribed to the tract of elevated ground 
which extends not far from the sea between the Atchafalaya and the 
La Fourche, and prevents the enormous mass of water which collects 
in the lowlands near the first-mentioned branch from ing off 
sooner. When a river situated in the northern hemisphere flows from 
south to north, the melting of the snow of course commences near the 
upper branches of the river, and proceeds northward. In this case the 
ume of water which collects at a certain period in the lower course, 
where the lowlands are generally most extensive, is much greater, and 
the inundations are much more extensive and attended with more 
mischief, But still they cannot be compared with inundations of 
those rivers which run from east to west or from west to east. In 
countries which are drained by such rivers, the whole mass of snow is 
dissolved in a few days, mae when a thaw is accompanied by 
rain, and all the waters thus produced pass through the principal 
channel in the course of a week or two. In such rivers the volume of 
water during the inundations is three or four times larger than it is in 
the middle of the summer or the beginning of autumn, and the inun- 
dations spread to a distance, and frequently cause great loss of 
property, and sometimes also of life, especially when the winter has 
unusually long and the falls of snow very heavy. [Niemen, in 
Gros, Drv.] But the river St. Lawrence forms an exception here 
also, As its general course is from west to east, one would suppose 
that a large extent of country within its basin would be annually 
subject to inundation, but this does not appear to be the case in any 
part of its course. If any portion of it is swollen by the melting of 
the snow within the basin, the river soon enters one of the lakes 
through which its course lies, and thus the addition of a compa- 
ratively small volume is not sufficient to raise the surface of the 
lake to any large amount. Thus the same cause which prevents its 
filling up the wide mstuary, prevents the river from overflowing 
adjacent country. diurnal rise and fall characterises the 
rivers of Switzerland and those of the western Himalaya, where a 
powerful sun melts the glaciers by day, and the head-streams are 
frozen by night. 

Rivers whose inundations are produced by regular rains have the 
greater of their course either within the tropics or at least between 
30° N. and 30° S, lat. It is a known fact, that in those regions 
heavy rain ‘falls daily from three to six months in the year. These 
heavy rains commence when the sun in its progress from one tropic to 
the other approaches the zenith of a country, and they continue till 
it has passed a certain distance from it. In the beginning of the 
wet season, as this part of the year is called in those countries, the 
rains are sometimes so heavy that in the course of a day the level 
country is covered with water a foot deep. The rivers of course soon 
begin to increase in their volume of water, and after some time they 
rise to the level of the banks, and begin to run over. These inunda- 
tions erally last from two to four months. They are more regular 
than em which are produced by the melting of the snow, and in 
general do not exceed a certain height. The rural economy of those 
countries in which they take A ge is founded on the knowledge of 
| cogoneyrw event, and on the certainty that the inundations will 
fertilise the fields by depositing on them a fine mud, which enriches 
the soil more than the manure artificially collected and applied. 
The supply of fertilising matter may not be due in an equal ratio to all 
the head-streams or all the tributaries of a river. In the important case 
of the Nile, according to M. Linant, an eminent scientific traveller and 

pher, itis by the Atbara, its first tributary, that most of the 
Black-earth and slime is brought down which manures the lands inEgypt; 
from which it has received also the designation of Bahr-el-Aswad, or the 
Black River. Whenever the inundations do not rise to the usual height, 
which is sometimes the case, a t part of the country which is not 
covered with water yields little or nothing, and the consequence is 
dearth and famine. When, on the other hand, the inundations rise 
higher than usual, they are also injurious to rural economy, by 
reaching those tracts which are set apart for the cultivation of plants, 
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which cannot bear so much moisture as the districts that are regularly 
flooded, Thus, in 1831, the river Menam in Siam rose to an 
extraordinary height: the inundations reached the large orchards 
which for many miles in extent cover the more elevated tracts along 
the banks, and afford subsist to a ‘ous population, Several 
kinds of fruit-trees were almost destroyed, and for some years the 
rmanguatecns and durians were scarce. 

The Indus [Hrxpustax, in Gros. Drv.) belongs to both of these 
classes of rivers, or rather to all three. The elevation of its waters is 
owing to the periodical melting of the snow and the subsequent rains, 
and it is subject also to enormous occasional inundations, In the 
year 1841, according to Major Cunningham, in his work on Ladak, the 
mass of water sccumulated, and which caused the inundation of the 
lands bordering the lower part of its course, was estimated at 
20,000,000,000 cubic feet, equal to a volume 100 feet deep, 380 feet 
wide, and 100 miles long. A similar inundation, though probably of 
inf magnitude, took place in August, 1858, when, at Attock, the 
water rowe 50 feet in seven hours and a half, and attained 90 feet 
during the day. Its affluent, the Cabul river, fowed upwards for ten 
hours. Valuable investigations of the mechanical philosophy of these 
phenomena, and of the relations between the velocity of a river-stream 
and that of the tide—or other waves to which it may be subject, by 
Mr. J. Obbard and Archdeacon J. H, Pratt, will be found in the 
*Journal of the Asiatic Society of Bengal,’ N.S., vol. xxix. (1860, 
No, iii.,), p. 263-282. The latter subject has important relations with 
that of the ascent of the tide up a river, noticed below. 

All the rivers between the tropics which are swollen by periodical 
tains lie only in one hemi the northern or the southern. In 
the countries th: which they flow the waters are low and the 
ground dry during part of the year, so as to admit of easy cultivation, 
and at another season the fields are fertilised by the inundations, The 
Nile and the Amazonas are alone exceptions. Though the course of 
the latter river is in the southern hemisphere, its aftluents extend far 
to the north and south, into both hemispheres, and probably three- 
fourths of the tropical rains which descend upon South America find 
their way to that large river. To this circumstance are owing its 
immense volume of water and its great depth. The Amazonas, 
properly ing, is never at its lowest level, in the sense in which 
that term is applied to other rivers. When the northern rivers cease 
i supply which is owing to the periodical rains, the 
southern begin to bring their contributions. _ This fact seems suffi- 


the river to a great distance, but the same circumstance also 
the soil ina state of continual moisture, and makes it a per- 
petual swamp. Accordingly we find that the banks of that river, 
which admits of a more extensive navigation than any other river in 
the world, remain nearly destitute of agricultural settlements, and are 
still in the possession of savage tribes. In the northern portion of the 

course of the Nile, that river appears to be almost stagnant 
except — rains, and to consist in the dry season of a series of 
swarops and lakes, rather than to form a continuous stream. 


flowings occur a those rivers whose upper course lies within 
rey my which are covered with snow for a considerable part 
of the year. In such cases, while the snow covers the more elevated 
portion of the mountain-ranges, a sudden change in the weather, which 
uces a warm wind, brings great volumes of vapours, which, falling 
abundant rain, soon dissolve the snow, and the mountain-streams 
pour down their waters with increased volume and velocity. As soon 
as the waters reach alevel tract, itis inundated. As these inundations 
often take place unexpectedly, they cause great damage. Thus we find 
that some valleys in the Ozark Mountains, in the United States of North 
America, are almost uninhabitable, owing to the sudden inundations 
to which the rivers of that mountain-region are subject. Many rivers 
however never inundate the adjacent country, unless a heavy gale of 
wind should blow directly up the river, and drive the sea into it with 
great force. Such inundations are very sudden, and sometimes also 
extensive, but they are of short duration. (Cuumate : Raty.] 

An important subject in the bi rivers, relating to the dis- 
tribution of temperature within nm areas of the earth's surface 
and the immediately incumbent atmosphere, and their equalisation in 
, and which bears also on the connection of rivers with the 
welfare of organic nature and the human race, is the variation of their 
temperature in different parts of their course, both at the same and at 
different seasons. This depends, proximately, on the temperature of 
their affuents, and may even give information of the physical state of 
the countries in which they rise, when these are otherwise unknown. 
Dr. Joseph D. Hooker, in his ‘ Himalayan Journals’ (vol. ii., p. 60), 
has given some interesting facta on this point, as presented by the 
rivers which rise in the Sikkim Himalaya. The Teesta, a tributary of 
the Megna, or Brahmaputra, is always cool in summer (where its bed 
is below 2000 feet in absolute elevation), its temperature being 20° 
below that of the air; whereas, in mid-winter, when there is less cloud 
and the snows are not melting, it is only a few degrees colder than the 
air, At , of which the clevation is 1500 feet, the mean 
temperature of the Teesta, in that season, was 51°, and that of the air 
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\perature, Mr. Wallace remarks, is as much as ever takes place. We 
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42°8'; at that elevation the temperature of the water rarely exceeds — ‘ 
60° at midsummer. Between the altitudes of 4000 feet and 300 (the 4 
plains of India) its mean temperature varies about 10° between January 
and July; at 6000 feet it varies from 55° to 43° during the same. . 
period ; and at 10,000 feet it freezes at the edges in winter, and rises Fy 
to 50° in July. In June, in descending from 12,000 to 1000 feet, Dr. a 
Hooker found that its temperature did not rise 10°, while that of the 
air rose 30° or 40°, The temperature of the northern feeders of this 
river, in some parts of their course, actually rises with the increasing 
elevation. Thus, the Zemu, during the traveller's stay at its junction — J 
with the Thlonok (which has its source in the north-east snowy flank = 
of Kinchinjunga, one of the three or four highest mountains in the si 
world), was at 46°, or 6° warmer than the latter ; at 1100 feet higher 
it was 48°, and at 1100 feet higher still it was 49°. ‘‘ These observa- — ~ 
tions,” Dr. Hooker adds, “ were repeated in different weeks, and several 
times on the same day, both in ascending and descending, and ery . 
with the same result : they told, as certainly as if I had followed the = 
river to its source, that it rose in a drier and com vely sunny 
climate, and flowed among little snowed mountains.” other explorer 
of nature, Mr. Alfred R. Wallace, has recorded (‘ Travels on the Amazon 


and Rio Negro,’ p. 431) some facts apparently of the — fc ‘ i 


not, however, observed by himself, and which he 

to account for. In the month of May some very L Sai 

oceur annually on the Upper Amazon and Rio Negro, sometimes 80 
severe that the inhabitants suffer much, and the fishes in the rivers : 
even die of the cold; though five or ten degrees of diminution of tem- 


conceive the depression of temperature of the local atmosphere affecting = 
the inhabitants to be occasioned by the air brought down in contact 
with the cooled water of the rivers, the temperature of which must 
be still lower, and that the cause is the annual melting of the snows — 
about the sources of some of their head-streams, ‘ ws hat 
In adverting to the advantages which a country derives from its nd 
rivers, we must first observe that the water is extensively used for the pee 
purposes of domestic economy. It is much purer than that of wells ; ’ 
for river water in general contains much less saline matter than spring- chee 
water; it has also earthy particles in suspension, which may easily be — 
separated by filtration, and which are deposited as a sediment when 
the water is left to stand for a short time, The water of wells 
generally contains a small quantity of some mineral salts in solution. 
The water of rivers is used, and is nearly equal to rain water, for all 
domestic purposes. The upper courses of rivers are ly inhabited 
by a small number of species of fish, and the whole amount is not 
t. But towards their mouths the number both of species and — 
individuals increases. The importance of a river fishery may be esti- 
mated when we consider the quantity of salmon which is taken in the 
riversof Britain, or of the beluga and sturgeon which is t in the 
neighbourhood of Astrakhan. Many rivers, which are not to 
the purposes of navigation, are converted into powerful instruments 
for assisting the ind of a country by the moving-power which 
they supply for mills and other heavy machinery. The advantage of 
such a natural moving-power primarily determines the seat of manu- 
factures, as was the case in South Lancashire, where this advantage is 
combined with abundance of coal. The Atlantic States of North 
America are generally provided with abundance of streams, a cireum- 
stance which favours the establishment of manufactures. ; iP 
The greatest advantages however which a country derives from its 
rivers are the facilities which they supply for conveying the produce 
of agriculture and of manufacturing industry to distant parts at a 
moderate expense. In this respect the rivers may be compared to 
the arteries and veins of the human body, which diffuse life and 
strength through all parts. Navigable rivers vivify, maintain, and 
excite the efforts of human industry. In many countries, where roads 
are neglected, it is estimated that the transport of goods by landisfour 
times as expensive as that by means of navigable rivers, and thus 
many heavy and bulky commodities could not be brought to market = 
but for the cheap conveyance of rivers. In considering the prea: 4 Gee 
a river for navigation, two circumstances mainly require notii Cre 
far seafaring vessels may ascend, and how far the river is navigable for 
river boats. meee 
Seafaring vessels can ascend many rivers as far as the tides extend. _ 
Indeed some rivers, as the Amazonas, may be navigated by vessels 
toa much greater distance than the tide ascends, but in others the 
waters become shallow long before the limit of tide-water is reached, 
Still high tides facilitate the navigation of rivers by large vessels, not 
only by producing a current contrary to that of the river, but also by 
temporarily increasing the depth of water so that vessels can pass over = 
shallows and sandbanks, which at low tides are nearly or quite dry. — 
This is frequently the case in rivers where the tides rise more than 12. 
feet. The tides in rivers are not of equal duration, as is the case in 
most parts of the sea; but the ebb tides frequently last twice as long 
as the flowing tides. At Rotterdam the tides flow for about 4 hours 
and 5 minutes, but the ebb lasts 7 hours and 55 minutes. The Meer- 
wede at Dordrecht flows against the current of the river for 3 hours 
and 51 minutes, and with it 8 hours and 9 minutes, This difference is — 
easily explained, when the force of the river current is taken into — 
account. The same circumstance explains the difference in the 


velocity of the ebbing and flowing tide. Between the North Sea and 
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flowing tide takes 5 minutes to run up a mile, but the 
the same distance in less than 4 minutes. But it is 

i well-established fact that the tides advance 
much farther into a river than might be expected. When the tide at 
mouth of a river rises 4 feet, we might suppose that it would 
advance only to such a point in the river, where the surface is 4 feet 
the sea, but it has been ascertained that it advances further. 
ume of water which is carried up by the tide is 

onwards mass behind it, and carried to a greater 
than the inclination of the river bed would seem to allow. 
also been observed, that during the flowing of the tide the 
surface of the water in the river presents a somewhat convex form, the 
i —— lower than in the middle of the 
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the river, where it has more room to ite, than the water 
accordance with this explanation it is observed 
is perceptible in the middle, while it is still 
and that vessels which are at anchor near the 
are turned round before the water on the surface of the river 
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i a ¢ distance from the sea. 
perceptible in Narrow of Pauxis near 
500 miles frorm the mouth of the river, 
we suppose that the tide in this river 
at which it rans in the Elbe between the North 
and , nearly a mile in five minutes,—the tide 
only reach tht Narrow of Pauxis in 42 hours, or in a space of time 
during which the direction of the tides has cl seven times at 
evident that the current of the Amazonas 
the Narrow of Pauxis must, at the same time, 
parts of its course, follow the impulse given 
the tide, and run against the stream. We are of opinion, 
however, that the tide in the Amazonas advances more slowly than in 
the Elbe, owing to the stronger current of the Amazonas, and that the 
i Amazonas, between the two above- 
ly be found to be five or six. The tide 
impetuosity, and produces what is 


ingenuity, even in the lowest state of civilisation, has 
rivers as means of conveyance, Perhaps all rivers 
to carry the smallest boats of any shape or 
ae ae the nature of the current opposes 
obstacles consist of cataracts or of rapids. 

from a rock which rises several feet per- 


a breee caren A beckon sheet of weler, and is to 
acataract. When the water descends with great velocity over an 


and construction, being always 
Most rivers contain numerous 


of a few feet, and ia free from shoals 
and sand-banks, When a river is shallow and rapid, but of considerable 
‘width, rafts are substituted for boats. Rafts 'y consist of trees 
i the flexible branches of trees, or, in 
1 upon the raft. 


, to mri ys nes 
oating down timber or 
firewood. The trunks of trees, after being ived of their branches, 
) mouth chains are 
laid across the river, above which the trunks collect, and whence they 
are carried to their destination. This is frequently done in the rivers 
districta of Norway. : 

which traverse a mountain-region in some parts of their 
either or only in some places, 
where they respectively flow within 
are not navigable ; 
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at a com small 
The Volga is navigable in the whole length 
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of its. course, and the Mississippi up to the Falls of St, Anthony, a 
distance of about 1800 miles, measured along the river. Both these 
rivers, as already observed, have the greater part of their course 
between hills of small elevation, and they do not traverse a mountain- 
region. 

The rivers of England supply the means of an extensive system of 
inland navigation—a circumstance partly due to their small fall, their 
sources being only a few hundred feet higher than their mouths, and 
partly to the abundant supply of water from rain, mists, and springs. 
Accordingly, if two rivulets unite, they generally form a small navi- 
gable river, and such ag are not navigable become useful as feeders to 
canals. The navigation of most of the rivers of England has been 
much improved by artificial means. 

The Thames is navigable for large sea-vessels to London Bridge, « 
distance of 45 miles from the Nore, though the whole course of the 
river, measured along its windings, hardly exceeds 200 miles. No 
river in the world, perhaps the Amazonas excepted, is navigable for 
vessels of such dimensions for one-fourth of its course. This circtum- 
stance is not due solely to the height of the tides, which is about 
19 feet at London Bridge, but mainly to the fact that there are no 
sand-banks at its mouth which prevent the access of large vessels. The 
river probably brings down sufficient earthy matter to form a bar 
but owing to the direction of the tide, which is kept off from the 
mouth of the river by the projecting coast of Kent between the two 
Forelands, and there being consequently nothing to oppose the current 
of the river at its mouth, the earthy matter is carried farther from 
the coast, and deposited in deep water. 

The advantages hitherto enumerated are common to rivers in alk 
parts of the globe; but there are some countries in which the value of 
rivers is much increased by the use which is made of the water for 
irrigation. This occurs in those countries in which it either does not 
rain at all, or in which rain occurs only at a certain period of the year, 
and even then only for two or three months. The first class of such 
countries—for instance, the western coast of South America, between 
5° and 28° S. lat., would be uninhabitable but for the rivers which 
descend from the western declivity of the Andes, and in their course 
to the sea have furrowed the surface with deep depressions or valleys, 
in which agriculture is carried on with success as far as the water of 
the river can be dispersed over the level part of the valleys by small 
canals, In those warm climates where the rains occur periodically, 
though only in two or three months of the year, the fields would 
certainly produce a crop, even without irrigation ; but for more than 
half the year the soil would produce nothing for want of water, By 
using the water of the rivers for irrigating their lands, the inhabitants 
of those countries are enabled to get two, and in many cases three, 
crops annually. Even in the southern countries of Europe, where 
rain is very searce in summer, and not sufficient to maintain vege- 
tation, whilst the heat is excessive, irrigation is practised, and two 
crops of Indian corn are thus annually obtained, or one crop of wheat 
and a crop. 

In countries in which the temperature for three or four 
months is under the freezing-point, the rivers during that time are 
covered with ice, and in this state they afford to the inhabitants, in 
some d , the advantages which other countries derive from rail- 
ways. Travelli and the transport of goods on the smooth ice of the 
rivers are much less expensive, and are performed in a shorter time 
than in summer in the ordi: way. This is the case on some of the 
rivers of New Brunswick and er Canada, 

It has been observed, that the outer borders of river-basins are 
the most elevated parts which occur in some given places between 
their respective beds, though it is not always the case that the water- 
parting is formed by mountain-ridges. Owing to such a disposition of 
the surface, the waters which are collected on or near the borders run 
to one or the other of the two rivers. Up to the commencement of 
this century it was thought improbable, if not impossible, that two 
different river systems or basins could be united by a natural water 
communication ; but it is now ascertained that a low tract of country 
or a deep depression of the surface may occur, by which a portion of 
the water of a river, after being diverted from its own channel, may 
join a river which otherwise is not connected with that river from 
which the water branches off. The instances in which this occurs are 
very few, and we shall therefore enumerate those whose existence is 
beyond all doubt. The river Arno, in Tuscany, in that part where it 
runs between the high ridges of the Apennines and approaches the 
town of Arezzo, sends an arm southwards through a narrow valley, 
under the name of Chiana, which falls into the Chiare, an affluent of 
the Tiber. The Chiana had been filled with sand, but its course has 
been re-established by artificial means. Another case occurs in the 
kingdom of Hanover, a few miles east of the town of Osnabriick, where 
the river Haase divides into two branches, of which one, running west 
to Osnabriick, preserves its name, and, after a course of many miles, 
joins the Ems; the other, running east under the name of Elz, falls, 
after a short course, into the Werre, an affluent of the Weser. In 
Sweden, two large rivers fall into the northern extremity of the Gulf 
of Bothnia—the Tornea Elf and the Calix Elf. About 100 miles from 
the sea, the last-mentioned river sends off an arm to the south-east, 
which, after a course of about twelve or fifteen miles, falls into the 
Tornea Elf: this arm is called Tarenda Elf. In these cases the rivers 


1 RIVETING. 


ROAD. ry 


us united by a natural water communication flow in the same 
direction, or nearly so, But in South America, two large rivers, the 
Orinoco and the azonas, are united in this way in a part of their 
extensive courses, where the Orinoco runs west and the Amazonas 
east, The branch of the Orinoco by which this natural water 
communication is effected is called the Cassiquiare. [Onnyoco, in 


Gxoo. Drv.) This phenomenon is otherwise described as the bifur- 
cation of a river high up its course, of which the Mareb, one of the 
tributaries of the Nile, y mentioned, affords another example. 


It is a kind of established rule, that the whole course of a river 
should bear the same name, and that this name should be continued to 
that branch or head-stream whose sources are farthest from the mouth. 
But eae is frequently at variance with this rule, and in a manner 
establishes another. The inhabitants of a country preserve the name of 
that river which does not undergo any deflection of its course. At the 
confluence of the Mississippi and the Missouri, the latter is the larger 
river, and has had a course of above 1000 miles more than the former, 
but it does not deflect the course of the Mississippi by its junction, and 
the name of the last-mentioned river is preserved. same occurs in 
South America as to the Amazonas and Madeira, where we find that 
the last-mentioned river changes the direction of its course to meet the 
Amazonas, whose name is preserved. In Europe, the Rhine is joined 
by the Aar in Switzerland, above Laufenburg. The Aar is the larger 
river, and brings down a greater volume of water ; but the Rhine, where 
it is joined by it, continues its westerly course, and its name is preserved. 
There are also two rules for determining which of the various head- 
streams of a river is entitled to be regarded as its upper course, and 
consequently to bear the name borne by the united stream lower 
down : the one rule is at the same time theoretical and natural; the 
other is practical or conventional. By the former, the greater length 
and size, and the general direction of the valley or basin of the river, 
are the main considerations. By the latter, it is the first acquaintance 
which the inhabitants or discoverers of the valley of the main stream 
may make with one of its branches (or the converse) that causes the 
name of the former to be extended to the latter. 

The extent of a few river basins is here given in round numbers, 
but they must only be considered as rough approximations :— 


Rivers. Square Miles. 
Thames . . . . ° . * . 6,500 
Atbara, the fertilising tributary of the Nile . . 60,000 
Rhine. : . : : « . . 89,600 
Euphrates, including the Tigris . 5 108,000 
Brabmaputra . ° : . . 270,000 
Danube . . . . . eho 312,500 
re ee ia) AE re ae: 
Ganges ° 5 ‘ . . ‘ ove 443,000 
MCR T5 Wa BS <) W eea 653,000 
Wile Socios tk A ey ag oe, 707,500 
Yan-tse-kiang ° 742,000 
| TREE i a ea wee on ny eae ur sag C2 Wf 
OT iy a Ere el Ay ae miata kT Rr 
Oby . : . : . . . 2,000,000 
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According to Humboldt the area of drainage of the Amazonas 
measures $,000,000 of square miles ; but in this he, in all probability, 
includes that of the Tocantins [Brazm, in Grog. Dry.] which Mr. 
Wallace, correctly in our opinion, regards as a distinct river. 

RIVETING, considered in its simplest form, is nothing more than 
the hammering of an iron bolt through a hole punched in two iron 
plates ; but in the vast engineering operations of the present day, where 
rivets are used, not merely by the thousand, but by the million, the 
rapid and exact management of the operation become important 
matters. The Britannia tubular bridge over the Menai was the first of 
these great examples of rivet-fastened plates ; the Great Eastern steam- 
ship was a second; and the Victoria railway bridge over the St. 
Lawrence, at Montreal, is a third. The rivets themselves may be 
simply pieces cut off from iron rods, and heated in a forge to a state fit 
for ering ; but under Nami ManvractureE will be found a notice 

of certain machines which are equally suited for making nails, rivets, 
nuts, and spikes. 

At a meeting of the Institute of Mechanical Engineers, in 1857, 
Mr. Harvey made the following observations on rivets and riveting :— 
“In the manufacture of steam-boilers, the operation of riveting is 
mostly effected by hand-labour; and in order to bring the heads of the 
rivets to a proper form and finish, much of the hammering takes place 
when the rivet has approached to a nearly cold state. e tendency 
of this is, to destroy, to a certain extent, the fibrous character of the 
rivet. The case of a rivet-head, starting off under the operation of 
proving the boiler, although seldom occurring, has revealed the fact 
that a ¢ character must be more or less assumed by the iron 
in all rivets worked in the usual manner; and hence, besides ariving at 

~ econom: the use of steam for riveting, it is very desirable that the 
rivets should be finished in as short a time as possible, and without 
succession of blows by which the fibrous character of iron is 
always more or less injured.” In copa 4 it may be added, the 
head is made conical by the shape and action of the riveting hammer; 
whereas in steam-riveting the head becomes convex, which is better. 
Nevertheless, steam-riveting machines, though many have been 


invented, have not hitherto come much into use, Some are found to 


be too complex, and likely to get out of order. Some require a pres- 
sure of steam of 50 Ibs. on the square inch, with either a separate boiler 
or a large steam-cylinder, which renders them too costly. Some have 
a defect arising from the peculiar mode in which act; a cam, 
moving through a fixed distance, and acting through a combination of 
levers, with a fixed distance for the travel of the riveting die, is unable 
to adapt itself to irregularities in the lengths of rivets which may 
occur in general work, and which must occur when rivets go sometimes 
through two, and at other times through three thicknesses of plates. 
Messrs. Whitelaw and Harvey have endeavoured to surmount some of 
these difficulties in a riveting-machine of recent introduction. The 
steam-cylinder is 15 inches in diameter by 24 inches stroke. A 
system of levers and eccentrics carry a shearer, a punch, and a die ; 
for the machine is intended to perform all three operations of cutting 
iron plates, punching holes in them, and then driving rivets imto 
the holes. The machine is not wholly self-acting; it is momentaril} 

stopped by hand after every stroke. The effective action of steam 


upwards ; the downward movement is the effect of the weight of — 


the moveable parts of the apparatus. Between the piston and the 
bottom of the cylinder a portion of the exhausted steam is retained 
as a cushion, to bring the piston softly to rest. Steam of 201b. to 
the inch has pressure enough for this machine, 

punch a hole ce r 
plate three-quarters of an inch thick, and to effect the cutting and the 
riveting for the same plate. In riveting, the action upon the rivet-head 
is a pressure, not a blow; this pressure becomes more and more intense: 


as the process advances, until just before the head of the rivet is finally 


shaped, it amounts to something like 30 tons. 

In riveting, whether by hand or = machine, it is necessary to 
furnish a pressure against one end of the ut 
the other. In the hand method, one man holds a hammer forcibly 
against one end of the rivet in the hole, while another strikes the 
other end. In the machine method, the action-is like the pressure of 
a die and counterdie. Ww 


RIVULIN. <A mucilaginous matter found in a species of fresh- 


water plant, the Rivula tubulosa. : 
ROAD, Under this head it is proposed to embrace road-making, 
with a brief sketch of the history of roads, ing for more detailed 


statistical information to the GrocrapuicaL Drviston of this work, — 


and to Way and Turnpike Trusts for an explanation of the laws 
respecting the formation and maintenance of the highways in this 
country, : 

The importance attached to roads by the great nations of antiqui 
is abundantly testified by historians, hoa, except in the case of a 
Roman roads, there are few remains existing. The Carthaginians are 
said to have been the inventors of paved roads, which were much used 
by the Romans, who were distinguished by the vast extent and solid 
construction of their highways, of which several thousand miles were 


made in Italy alone, while every country which was brought under 


their sway was more or less intersected by these channels of com- 
munication. Though formed mainly to facilitate military movements, 
the Roman roads were productive of the greatest civil benefits. Being 
made by a power whose resources were almost unlimited, these military 


roads were usually laid out in straight lines from one station to 


another, with little regard to natural obstacles, which were frequently 
passed by means of very extensive works, as excavations, bridges, and 
in some instances, tunnels of considerable length, The solidity of 
their construction was fully equal to the boldness of their design; a 
fact proved by the existence ‘of many that have borne the traflic of 
near two thousand years without material injury. The Roman 
engineers were very particular in securing a firm bottom, which was 
done when necessary by ramming the ground with small stones, 
fragments of brick, &c, On this carefully prepared foundation a 
pavement of large stones was firmly set in cement, the stones be 

occasionally squared, but more commonly of irregular shapes, tho 

always accurately fitted to each other. For this purpose many 


varieties of stone were used, but the preference seems to have been — 


given to basalt, where it could be had, it being used in many situa- 
tions in which other suitable materials might have been procured with 


less labour and expense. Where large blocks could not be con- 


veniently obtained, small stones of hard quality were sometimes 
cemented together with lime, forming a kind of concrete, of which 
masses extending to a depth of several feet are still in existence. The 
Roman roads were generally raised above the ordinary surface of the 
ground, and frequently had two carriage tracks separated by a raised 
soeeneee. in the centre. : 

some parts of the continent of Europe, especially in Italy, the 
Roman system of road-making has been imitated, ar Sec a net city 
pavements; but in Britain the attempts to follow the Roman model 
appear to have been very limited, and road-making has been very imper- 
fectly practised till within the last half century. Many of the existing 


highways were originally mere paths or tracks from place to place, their © 


course having been determined more by accidental circumstances than 
by a due attention to the properties of a good road. Thus deviations 
were made from the direct coursé in order to cross rivers at fordable 

ints, and the road was conducted over a hill in 
evel course round its base, to take advantage of natural drainage, As 


ile te 


It has power to — 
quarters of an inch diameter through a cold iron 


rivet to assist the action at 


ce to a more 
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, systems of construction 
4 SE gers inovavenia have been frequently left unaltered, 
to av ate dnaretoggaen and expense attending a devia- 
tion from the i course. The scanty information we possess 
the roads in early times indicates that it was very 

boon es ena down to the 
century, the greater part of the roads 
were, owing to injudicious modes of construction and repair, in a state 


inefficiency of the system of maintenance by parish and statute 
ee re eine es ing of the first Turnpike Act in 
1653 ; yet necessity of improvement, and the obvious justice 

of tolls, did not lead to the 
for about a century after 


and extending the science of road-making. 
made under 
the military roads formed in consequence of 
had been found very beneficial 
to the districts to which they afforded the means of access. The roads 
made under the management of the Highland road 
900 miles, the whole being in a 
laid ont that their inclinations are 
The works executed in the formation of these roads 
and com upwards of 1100 bridges. The Holy- 


are 

ee coe Cena 1815, and in these 
_ ‘Telford and able assistants had the rtunity of carrying into 
eet, under» government commision, a pan of road-making suitable 
to a great ic, on principles generally considered to be 
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whom care of the highways is commi it is im- 
present state of roads without feeling 


3 


| 


f 
F 
+ 
i 
ik 
g 
i 
; 


5» Ol 


the community. 
Road ; Earth-corks, &¢e.—Though formerly 
of the plan of a line of is a subject 
extensive ledge and mature deliberation. It is 
several different lines, in ag best selection 
com 5 to have the - 
To be thearetieally perfect, road should 
and level, and ita surface should 
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be 
which equally to the laying out of common roads, though the 
Proprtonta retardation Ge to ven aécent is very different, owing 
great resistance of a common road. Among the 
circumstances that may authorise a deviation from the straight line, 
suitable materials for the road, avoiding 
ground, and including towns or villages 


reduced by every prospective improvement 
poh drat the proportionate effect of 


there 
Stes cal making the line of diseeMion Sull eaive subordinate to thes 


found anywhere ; but if such a road could be found, and if it were 
curved, so as to prevent the eye from seeing farther than a quarter of 
a mile of it, in any one place, the whole road would not be lengthened 
more than one hundred and fifty yards.” 

The principle explained in the article Raruway, of so arranging the 
inclinations on each side of the summit, or highest point unavoidably 
passed over, that there may be no unnecessary rise and fall, is equally 
deserving of attention in the design of a common road, although it has 
been much neglected. The following statement respecting an old 
road in the Isle of Anglesey, which was altered by Telford, shows how 
very much a road may be improved by judicious alterations ; not only 
by shortening the line and lowering the summits, but also by diminishing 
the minor undulations :-— 


Summit above Total rise Length. 
high water. andfall. Miles. Yards. 
Old road. $39 fect 3,540 feet 24 428 
Newroad . 193 ,, 2,257 4, 21 1,596 
Difference. . , 146 feet 1,283 fect 2 592 


However desirable a perfect level may be in theory, a road with 
moderate inclinations, as of 1 in 100, is found to be preferable in 
ractice, because without such a slope it is difficult to get rid of water 
enough, unless the road be raised a few feet above the surrounding 
land, and thereby exposed to the free action of sun and wind, Slight 
undulations are also considered, by most authors, to be desirable in all 
cases where animal power is employed; frequent changes in the nature 
of exertion being considered favourable to the horses. On this 
principle it is recommended that where an undulating road is reduced 
toa uniform gradient, occasional levels should be introduced to ease 
the draught. Any inclination exceeding the angle of repose, or that 
beyond which a carriage would roll down by its own gravity, occasions 
a loss of power; but all below it are attended with a compensating 
es when nes ity a in both directions is taken into account; the 
vantage gained lescending carriages being equal to the additional 
labour required in the ascent, This angle has been stated by Lardner 
to be about 1 in 40, with a good carriage on a broken stone road of the 
best quality; but the inclination allowed on the Holyhead road is 
lin 35, a slope which may be ascended at a good rate of speed, and 
descended at twelve miles an hour without risk. A greater slope not 
only occasions much additional resistance in the ascent, but, by ren- 
it unsafe to drive down at full speed, causes a loss of time in 
the descent also.” Modern engineers consider it unadvisable in any 
case to exceed an inclination of 1 in 24, though there are hills at least 
twice as steep on some turnpike roads. The following table shows the 
effect of various inclinations in increasing the draught of a stage-coach 
at different velocities on the same description of road, as indicated by 
a dynamometer contrived by Mr. Macneill for experiments on the 
draught of carriages -—* 


Force required at 
Inclination, 6m. p. hour, 8m.p. hour, 10m, p. hour, 
1 in 20 268 lbs. 296 Ibs, 318 Ibs, 
+e. 213 ,, 219 ,, 225 ,, 
big 165 5 196 ,, 200 4, 
ere 160 ,, 166 ,, 172 5, 
1 


111 4, 120 ,, 128 ,, 

It should always be borne in mind that the occurrence of one steep 
hill on a line of road affects the working of the whole , as the 
number of horses required for ascending it must be used, although a 
portion of their power may be unemployed, on the greater part of the 
road, The inconvenience of a steep inclination may be diminished by 
laying a stone tramway for the use of ascending vehicles; a measure 

with success on the Holyhead road, where, on a slope of about 
1 in 20, the power required to draw a ton was reduced by this means 
from 294 Ibs. bach sg ae yet - aa 
In arranging works necessary for obtaining the required level, 
the should be given to embankments; and, wherever it is 
practicable, the bed of the road should be elevated two feet above the 
natural level, for the eake of efficient drainage. Tunnels are very 
rarely introduced on common roads, being very costly, and, when of 
considerable length, inconvenient from their darkness. When the 
road is in an excavation, the side-slopes should never be steeper than 
two horizontal to one vertical, and it is desirable to have those on the 
south side three to one; because, though many materials will stand at 

inclinations, it is easential to the preservation of the road, and 
the comfort of horses travelling upon it, that the sun and air should 
have free access to its surface. Where stone can be readily procured, 
the erection of walls at the bottom of the slopes gives a neat and 
finished appearance to the road, and prevents earth, which may be 
loosened from the sides, from falling into the side channels or drains. 
The Highgate Archway road affords an example of the great difficulties 


* This useful instrument, which its ing inventor d inetes a Road 
Indicator, is mounted on a light phacton, and besides marking the draught at 
every ten or twenty yards, points out the distance run, and the rates of 
acclivity or declivity on every part of the road, A full description of it is given 
in Parnell’s ‘ Treatise on Roads,’ 
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Gat eocasionally attend a deep excavation, owing to the accumulation 
ef water ; the venedy for which is described hereafter. Where em- 
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press the elastic foundation; such embankment- being sometimes — 
supported by faggots. Telford and most engineers recommend that 


Yankwents are uired, strong fencing is especially y to 
against Goo cosmanias of accidents, Some of the roads formed 
Yelford are conducted across deep valleys by bridges or viaducts of 
great itude, in order to maintain the desired level without the 
orn ar and expense of large earth embankments. ‘ 

In old roads the bridges erected for the of rivers are 
frequently made much smaller than is advisable, 80 that the level of 
the road is made too low, and the water is impeded by the contracted 
arches to such a degree as to oceasiun much damage during floods. 


Modern , by adopting bolder dimensions for the bridges, and 
forming approaches, avoid these inconveniences, and secure their 
roads from the risk of obstruction by floods. The raising of the road 


wherever it passes through marshy or low land is a very necessary 
measure. Many old roads still in use are sunk several feet below the 
surface of the ground, because they have originally been exposed to 
the destructive action of water, and the materials thus softened have 
een ground into mud and cleared away, until, by the repetition of 
these operations, the roads have been converted into deep trenches, 
which are frequently flooded in winter. Oi the extent to which this 
has been occasivnally suffered to go on, an idea may be formed 
rom the statement of Edgeworth, that “ the stag, the hounds, and the 
horsemen have been known to leap over a loaded waggon, in a hollow 
way, without any obstruction from the vehicle.” 
in conducting a road through a mountainous district, in addition to 
numerous bridges ative 
rpare si ion 
tek of the Menai strait), embankments between retaining walls of 
stone, and walls to support the road along the face of a precipice, are 
frequently necessary. Some works of the latter character have excited 
much admiration. If the slope of a precipice be only six inches 
horizontal to a foot vertical, such a road may be formed by building a 
gall thirty feet high, based on steps cut into the rock, and cutting into 
the rock to the depth of ten feet on a level with the top of the wall, 
the space between which and the face of the precipice is filled in with 
stone. 
Man 


urpose of crossing ravines (for which 
eal been occasionally applied, as in the 


By this means a platform twenty-five feet wide is 
y works of this character have been executed by 
‘Telford and other engineers, in various parts of Scotland, in the High- 
Jand roads, and those forming the communication between Edinburgh 
and which commands universal 


are completed to the proper level for receiving the 


formed into the intended width and a nearly level surface, the foot- 
path or paths being elevated a few inches above the bed of the 
carringe-way. Thirty feet is the ordinary width of the carriage-way, 
exclusive of footpaths, of the Holyhead road; but the propriety of 
reducing the width, in most places to twenty-four or twenty-five feet, 
been This width may be more or less exceeded in 
the vicinity of large towns, according to the amount of traffic, but 
should be exactly adhered to in other situations, as uniformity in 
this icular greatly improves the ap; ce of a road, and also 
contributes te economy, both as to the land and materials, and 
the cost of maintenance, Some engineers recommend that the bed 
should be made convex, in the same degree as the finished surface of 
the road; but it is quite flat in the Holyhead road, by which means 
a greater depth of materials is allowed in the centre than at the sides 
of the road. Much has been said on the subject of the best form 
for the transverse prs of a road. Foams it was common 4 
make it very convex, often to a degree that was highly dangerous, wi' 
the idea at thieving off water; but this notion is very fallacious, 
because if a road be allowed to wear into ruts, no degree of convexity 
that can be given is sufficient to keep it dry; while, if the surface be 
a very moderate slope is sufficient to carry off water, and a steep 
F ion will cause it to run with such velocity as to wear away the 
road materials. Another disadvantage of too great an inclination is, 
that, by throwing the weight of a carriage on one side, the vehicle 
iteelf is injured, and the overloaded wheels cut up the road more than 
. Some have gone so far in opposition to this practice as to 
advocate perfectly flat or even concave roads, in favour of both of 
which much may be said; but the general practice of modern road- 
amakers is to make the surface slightly convex. In Telford’s roads the 
convexity is elliptical, the fall being half an inch at four feet from the 
eentre, two inches at nine feet, and six inches at fifteen feet. It has 
been recommended to form the cross section into three flat planes, 
that in the centre being horizontal, and the others slightly inclined 
from it. Very narrow roads are often sloped in one direction only, 
like one-half of a convex road; and roads on the face of a steep hilk 
are occasionally treated in this manner, the surface water being con- 
ducted towards the hill, and carried off by drains under the road. 
This plan has the advan of checking any tendency in carriages to 
roll or turn over towards the least protected side of the road. 
st cottegeagrregse pal re is wet and soft, great care is 
necessary e soli e ground be boggy or marsh; 
it is desirable to form an embankment of sufficient thickness to com. 
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g with stone-chips should be resorted to where the bed is wet 
and spongy; and that where soft clay occurs, a stratum of earth or of 
sand should be laid between it and the road materials, a precaution 
which tends to diminish the injurious effect of frost on a road with a 
clay bottom. Though great care is usually considered necessary in 
order to obtain a firm foundation, McAdam and some others have not 
only contended against its importance, but actually preferred, in cer- 
tain cases, a yielding substratum to one of rock, on the supposition 
that the wear of the road is diminished by elasticity, Careful observa- 
tions on the repairs of a road in Somersetshire, of which about seyen 
miles are supported by a morass, and five or six by limestone rock, — 
indicated a difference of expense in repair of about five to seven in 
favour of the morass, though it was so soft that the vibration caused 
by a carriage passing was sufficient to break the young ice in the side 
ditches; but extended experience seems to confirm the more general 
opinion in favour of a hard unyielding foundation. 

Deep ditches should be cut for the efficient drainage of the road, 
which is of paramount importance; and these should be on the field 
side of the fences. They should extend to a depth of from 2 feet 6 
inches to 4 feet below the bed of the road, according to the nature ¢ 
the ground. The earth thrown out from them is commonly used 
forming banks for the hedges ; but in wet soils, where the ditches are 
made larger and deeper than usual, the additional earth excavated is 
applied to raising the bed of the road. Where brick or stone red 
drains are substituted for open channels, it is usual to build them with 
open joints, to allow the passage of water through the sides. Cross- 
drains of masonry are introduced at intervals to connect the side 
channels, and numerous minor drains filled with rubble stones or clean 
gravel are formed in the bed of the road. The latter are frequently | a 
the kind called mitre-drains, which are made V shaped in plan, diyerg- 
ing from the centre of the bed, and extending diagonally to the sides, — 
their angle being regulated by the longitudinal slope of the road, so 
that their inclination may not exceed 1 in 100. These may be placed — 
about sixty yards apart, or closer in wet soils, and they receive the — 
water that filters through the surface materials. In cuttings or exca- 
vations it is advisable to make drains to catch the water descending + 
from the sides, and prevent its reaching the surface of the road. ; 

In treating of the choice and application of the hard materials 
which compose the surface of the road, the formation of metalled 
roads, or those made of broken stone and similar materials, will be 
first considered; and afterwards that of the principal varieties of 
pavement. 

Metalled or Broken-Stone Roads.—In the formation of metalled roads 
the system adopted in the great works of Telford and his followers,is 
the one most generally adopted by English engineers, The distin- 
guishing characteristic of this system is the use of a rough pavement 
of hand-laid stones on the bed of the road, to support the small broken 
stone of which the surface is composed. In the very imperfect mode — 
of road-making formerly practised (which scarcely deserves the name 
of a system), it was very common to cover a bad road with a large 
quantity of stones, often unbroken, and generally of very irregular 
dimensions, These stones, owing to their rounded form and the soft- _ 
ness of the substratum, never consolidated into a hard surface, and in 
course of time sunk into the soft earth beneath, which worked up 
among the stones in the form of mud. Thus enormous quantities of — 
stone were used without producing a good road, the stone sinking into 
the earth to a surprising extent. This evil is greatly diminished by 
good drainage, and by the use of stones of uniform size broken into _ 
angular pieces, which have a tendency to lock together intoa hard and 
compact mass,—a fact of the highest importance in the science of 
road-making, and which a to have been first promini brought 
forward by the late Mr. McAdam. A. t extent of nt road 
has been made on the plan advocated by McAdam, who considered 
paving unnecessary, and laid the broken stone immediately on the — 
surface of the earth, depending on its forming a hard crust impervious 
to water, so that the earth, being always kept dry, may have no ten- 
dency to work up among the metal or broken stone. McAdam used — 
no stones e gave the preference to — 


xceeding six ounces in weight, and 
those of about one ounce, or an inch diameter, which he spread over 
the road in thin layers, each being worked over by carriages tillin — 
some degree consolidated ; and he objected to the use of chalk or earth 
mixed ‘with the stone for the purpose of binding it together. He 
considered a thickness of ten inches of broken stone, well consolidated, 
to be sufficient for bearing any load, even where the foundation isa 
morass, in which case he considered no intermediate substance neces- 
Near Bristol, a road in which the metalling had worn down toa 
thickness of only four inches, was found to have kept the substratum 
of earth y dry. But, satisfactory as this of road- , 
has proved in some cases, there are others in which it has failed, an 
some in which a very large quantity of stone has been ied before a 
firm road could be obtained. A road from Lewes to Eastbourne, made 
on Mr, McAdam’s principle, is said to have required three feet of 
materials in many parts before it was consolidated, though it was 
ultimately brought into a good state. 


The system of pitel or paving the bottom of a road has 
J advantage of preventing the subsoil from working up among the 
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ages | ; while the size of the paving-stones them- 
es prevents their sinking into the earth, as small stones are liable 


7 acts 
In addition to these, the plan has, in many situations, the advantage of 
the cost of a pavement is considerably less than that 
of an equal depth of well-broken stone. In most, if not all, of the 


be attributed to very imperfect execution ; as, if the stones are very 
irregular in size or badly set, or the thickness of metal is insufficient 
to protect the pavement from the shake of passing carriages, the stones 
poo , and the subsoil, working up among them, quickly 

The case of the Highgate Archway road, which has been before 
alluded to, is a remarkable illustration of the absolute necessity of a 
firm bottoming under some circumstances. This road is over a subsoil 
of sand, clay, and gravel, and, being partly in a deep cutting (originally 
intended for a tunnel), is much exposed to the influx of water. The 
road, which is rather more than a mile and a half long, originally 
tmade of a quantity of gravel and sand laid on the natural soil, and 
covered with broken flints and gravel; but this plan not succeeding, 
the road was taken up, and pi of waste tin were laid on the sub- 
soil, over which were 


cee and, when — executed, of distributing the pressure of 


__ times its quantity of washed gravel and sand, which, after being mixed 
in a box, was laid on the of the road to a thickness of six inches 
and a of about eighteen feet. A few minutes after being laid, 

i by means of a triangular piece of wood 
iron, with numerous channels or grooves, sloping about 
centre to the sides, these channels serving for 
fasten in, and for conducting any water that 
might percolate through them into the side drains. is measure, 
combined with an extraordinary extent of drainage, amounting in the 
proved so complete a remedy that, 
ter the cement was laid, coaches were able to 
at a trot with heaviest loads, though before 

t six horses had mounted with difficulty at a walking 
ffect of the alteration on the wear of the road was equally 
satisfactory, four inches of —_ being worn away on the old bottom 
while only half an inch of same stone was worn where laid on the 
. The ex f laying the cement composition, 

ee oe neeeenten Soe bel of tho veed,, was shows ton shillings 
per yard, part of the gravel used being old. Macneill estimated 
the cost at from twelve to fifteen shillings per yard if new gravel were 


The effect of a paved or concrete foundation in diminishing the 
draught from the subjoined statement, founded on experi- 
ments wi Mr. Macneill’s road indicator, to be very great; but a more 
extensive series of trials is desirable for a comparison of different s 
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On @ well-made pavement . ° . ’ Ps = + « 83 Ibs, 
On a road with six inches of hard broken stone on a rough 
pavement . . . . a . . . . « 4, 
On « similer road, with a foundation of Roman cement and 
gravel in liewofpavement . ’ . ‘ . ee By 
On @ road with a thick coating of broken stone on earth . « 65 45 


On & road with a thick coating of gravel on earth ome ot $F 


” 
For the formation of the pavement of a metalled road, almost an, 
hard stone that may be easi iaened wits tkabanamen song be wok. 
The stones should in size, and laid in rows with 


es at 15 fifteen feet, the stones to be laid lengthwise 
the upper edge in no case to exceed 4 inches wide. 
irregularities are to be broken off by the hammer, and the stone- 
Seeeniee eens jolt sre: dees to be wedged in by hand 
light o ramming is necessary, and it is desirable 

: ent carts which are used in the conveyance of the road materials 
m being drawn upon the pavement before it is covered with broken 
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Some road-makers use a pavement even on a substratum of rock, 
where it is uneven, but in many cases it is unnecessary ; although, if 
the surface be smooth, it should be picked to a degree of roughness 
similar to that of a pavement, in order that the road materials may not 
slide upon it. Where paving the whole width of a road might be too 
expensive, the pavement is sometimes limited to a width of 16 or 18 
feet in the centre. In situations where coarse stone of suitable 
quality can be easily procured, it is found to be cheaper to make a 
road with 6 inches of broken stone and a pavement, than with 10 inches 
depth of broken stone without paving. Mr. Wingrove, surveyor of 
the Bath roads, mentions the use of freestone brash, chalk, &c., for 
forming the foundation pavement of metalled roads. Of late years 
burnt clay ballast has been substituted for rough stone pavements in 
the brick earth or blue clay districts around London, with considerable 


success. 

The quality and right application of the road-metal, or broken stone, 
which forms the surface of the road, is of great importance. Asa 
general rule, the hardest stone is to be preferred; but this rule admits 
of some qualification, some very hard stones being found to wear much 
more rapidly than others of a softer but tougher quality. According to 
Parnell, whose experience rendered him a good authority, the best 
descriptions of road materials “consist of basalt, granite, quartz, 
syenite, and porphyry rocks.” The whinstones found in different parts 
of the United Kingdom, Guernsey granite, Mountsorrel and Hartshill 
stone of Leicestershire, and the pebbles of Shropshire, Staffordshire, 
and Warwickshire, are among the best of the stones now commonly in 
use. The schistus stones will make smooth roads, being of a slaty and 
argillaceous structure, but they are rapidly destroyed by wet, by the 
pressure of wheels, and they occasion great expense in scraping and 
constantly laying on new coatings. Limestone is defective in the same 
respect. It wears away rapidly when wet, and therefore, when the traffic 
is very great, it is an expensive material. Sandstone is much too weak 
for the surface of a road ; it will never make a hard one, but it is very 
well adapted to the purpose of a foundation pavement. Flints vary 
very much in quality as a road material. The hardest of them are 
nearly as good as the best limestone, but the softer kinds are quickly 
crushed by the wheels of carriages, and make heavy and dirty roads. 
Gravel, when it consists of the pebbles of the hard sorts of stones, is a 
good material, particularly when the pebbles are so large as to admit 
of their being broken; but when it consists of limestone, or sandstone, 
it is often a very bad one; for it wears so rapidly that the crust of a 
road made with it always consists of a large portion of the earthy 
matter to which it is reduced. This prevents the gravel from be- 
coming consolidated, and renders a road made with it extremely 
defective with respect to that perfect hardness which it ought to have,” 
Mr. Stevenson, in the article Road,’ in the ‘ Edinburgh Encyclopedia, 
states the distribution of road materials in the British islands to be 
partial and irregular. “Throughout Scotland, and even as far south 
as the approaching sources of the rivers Tees and Ribble, good road- 
metal is generally to be met with, containing the numerous varieties 
of granite, greenstone, basalt, porphyry, and limestone. South of this 
boundary, as far as the Trent J the Dee in Cheshire, the formation 
is chiefly carboniferous sandstone, and the softer varieties of limestone. 
In the southern counties chalk and gravel soils chiefly occur, affording 
flint and gravel, both of which, under proper management, make ex- 
cellent roads. In North and South Wales we have all the varieties of 
road-metal which are common to Scotland. In Ireland they have 
excellent road materials, as granite and limestone are pretty generally 
distributed.” : 

An interesting experiment has been tried on a part of the Holyhead 
road between London and Birmingham, as to the effect of iron amongst 
the road-metal in diminishing the wear of the road. The iron is cast 
in the form of cubes, about an inch square, and when the road was 
consolidated, holes large enough to receive them were picked in its 
surface. A single cube was then placed in each hole, so as to be level 
with the road} and the small stune-chips were beat down about the 
iron with a mallet. One of these iron cubes is placed in every four 
inches of surface. They very soon become firmly imbedded, so as not 
to be disturbed by the rolling of carriages or the feet of the horses ; 
and to assist their consolidation, it is recommended to water the road 
freely, if the cubes should be inserted in dry weather. The iron was 
applied in March, 1835, since which time the portion of road in 
which they are used has continued in excellent repair, and the 
wear is materially diminished. Mr. Macneil, the | oreegs of this 
method of road-making, considered it particularly applicable to streets, 
on account of its durability, and believed that the expense would’ be 

as iron of the worst quality might be used. It may be 
observed that the draught on the piece of road on which the ex- 
periment is made is very easy, and that horses do not show any 
tendency to slip upon it. 

In the choice of materials, the expense of conveying them to the 
road must be taken into consideration, but it is often better economy 
to fetch good stone from a great distance than to use that which is less 
durable, though readily procured ; as, in addition to the expense of 
frequent repairs to a road formed with weak materials, great additional 
labour is imposed upon the horses, which have to wear down repeated 
coats of fresh stones, This is one of the points in which the inex- 


perience and ignorance of road surveyors have often been cone 
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cases having occurred in which an inferior material has been procured 
from ay at great cost, while stone of excellent quality existed 
in abundance on the spot. 
= With regard to the ‘best size of the broken stone for the surface of 
a wad, both Telford and McAdam direct that no piece should exceed 
six or cight ounces in weight. In some districts the surveyors have 
eon instructed to test the metal by a pair of scales and a six-ounce 
weight; but a more usual test is an iron ring 2} inches in diameter, 
attached to a handle, through which every stone should be small 
enough to pass, Some writers have recommended that one inch should 
be the maximum diameter, but it is only the hardest and toughest 
materials that will bear breaking so small without much waste, The 
pieces should be as nearly cubical as may be, and should on no 
account be broken on the surface of the road; nor is it well to do it 
on the heap, the best method being to break one or two pieces at once 
on a large block of hard stone, the pieces being held steady by the iron 
ring that serves as a gauge. A sitting posture is considered best for 
those engaged in breaking road-metal, an operation which, under the 
modern system of road-making, gives employment to a great number 
of hands. Attempts have been made to perform this operation by 
machinery, but mechanical contrivances have not been found equal to 
manual labour. Pronged shovels are made use of in lifting the broken 
stone into barrows and carts, as they save labour by entering the heap 
with less resistance than ordinary shovels, and also prevent the 
admixture of earth with the metal. 

The depth of metal on a paved foundation should be not leas than 


6 inches, and it should be laid on in two or three distinct layers, carefully) 


spread with broad shovels, and carriages should work on each till it is 
in some degree consolidated before another is laid over it, While the 
metalling is fresh, men should attend to rake it in the ruts as fast as 
they are formed, and to pick off any large stones that may have pre- 
viously escaped notice, as they are sure to work up to the surface. 
the road may be covered with the smaller portion of the 
metal, se; by a sieve with meshes of an inch square; anda 
layer of about an inch and a half of clean gravel is occasionally added 
over the whole surface in order to ease the draught while the road is 
new, though its effect on the road is rather injurious than otherwise, 
nothing being needed to bind the metal together. Rolling a road on 
which fresh materials have been laid is a measure of doubtful utility, 
the most effectual consolidation being produced by the working of 
which are compelled to vary their tracks, and to run on the 
new metal, by placing wooden trestles across the road, and altering their 
ition when necessary ; the road is frequently raked as long as any 
stones remain. 

Where the traffic is not sufficient to justify so expensive a mode of 
formation as that which has been described, good roads may be formed 
with broken stone only, increasing in thickness from 6 inches at the 
sides to 12 inches in the centre. If nothing better than gravel can be 
procured, Parnell recommends that a coat of 4 inches be laid on the 
— bed, and worked over till pretty firm; then a layer 3 inches 

, once screened, and finally three distinct layers of the gravel well 
riddled, and free from earth, , or stones exceeding an inch and a 
half in diameter; the road, when completed, to be 10 inches thick at 
the sides, and 16 in the centre, where the strongest and best part of 
the gravel should be laid. The drainage must be particularly attended 
to in a gravel road. Among the inferior materials occasionally used 
is limestone burnt to a vitreous state; but though formerly often used 
in districts where coal is abundant, it is not approved for carriage- 
7 by modern road-makers. 

completing a road it is to form the side channels with 

care, and to provide against their being interfered with by branch or 
field roads. The foothpath, which is usually about 5 feet wide, may 
be made of gravel or broken sandstone, and is required in the Holy- 
head road specifications to be level with the centre of the road, which 
is 6 inches above the sides, For fencing, wails are preferred where 
stone is plentiful, as they occupy less space than hedges, and have a 
neat appearance. If the stone should be of favourable shape, such walls 
may be built without mortar, except in the coping; but if on the side 
of an embankment, the walls should be always strongly built with 
mortar. A hedge-bank and ditch ocoupy a width of about 8 feet in 
cases, and the young quicks are protected by post and rail- 

fencing; but where timber is scarce, it is sometimes well to make the 
ditch and bank rather larger, so that the wooden railing may be dis- 
with. In cuttings and some other situations a mound or bank 
without a hedge forms a convenient fenée, and these, as well as hedge- 
banks, may be improved in appearance and durability by being swarded. 
All fences should be kept low, that they may not exclude sun and 
wind ; and for the same reason trees or buildings that overshadow the 
road should be removed when practicable. The situation of toll-gates 
must be regulated by circumstances, but it is very desirable to avoid 
placing them either on, or at the bottom of, a hill, because such an 


‘arrangement is very liable to cause accidents. The gates, which, 


when single, may be 15 feet, or, when double, without a centre-post, 
24 to 30 at wide, are usually painted white, that they may be readily 
seen at night. They should be well lighted, and supplied with com- 
fortable toll-houses, which, on some of the modern are erec 

in an ornamental style. Parnell advises the use of milestones of light- 
coloured stone, and of larger dimensions than usual ; but cast-iron posts 


have been extensively used, and on some roads cast-iron tablets 


mounted on stone. A convenient a yg is a stone or post with 
two tablets inclined towards the , 8o that persons travelling in 
either direction may see the distance of the town which they are 
approaching. 

owever well a metalled road may be made in the first instance, its 
preservation in a good state depends greatly on prompt and judicious 
repair, The mud that forms on the surface in wet weather should be 
seraped off and formed into heaps at the side (avoiding the side 
channels), until it is sufficiently dry for pain ap because, if left 
on the surface, it would, while moist, soften the road and cause it to 
break up, and after drying impede the running off of water froma 
subsequent shower. This operation has been usually performed by 
hand, but scraping-machines, patented by Messrs. Bourne and Harris, 
have been introduced with partial success, and have been said to 
diminish the labour fully one-half, The winter season, from October 
to April, is considered the best time for the addition of fresh mate- 
rials, which are laid on in thin coats, and should always be — as 
soon as any hollow capable of retaining water is observed. For the 
purpose of keeping a supply of broken stone always at hand, depdts for 
holding about twenty-four cubic yards of metal are formed by the 
road-side, at intervals of a quarter of a mile or less, from whi 
stone is taken to the required spot in barrows. When laid on the road, 


according to Parnell, it is not necessary to pick up the old surface, as — 
the new metal keeps the part under it wet and soft, and soon works in. | 


McAdam, however, recommended breaking up the surface of the road 
in every case where fresh stone is added. : 
Stone and Iron Tramways.—Though an improvement on 


pavement, this description of road may be considered as a link be- 


tween metalled and paved roads, stone tracks having been occasi 


applied to common roads, and with great benefit. Stone tramways 


consist of wheel-tracks formed of large blocks of stone, usually granite, 
the surface of which is made so smooth as to offer very little resist-— 
ance to the rolling of the wheels, while the space between the tracks, 
being composed of broken stone, gravel, or rough pavement, affords 
secure footing for the horses. Iron tramways, in which cast or wrought 
iron plates are used instead of blocks of stone, have hitherto been 
very little used on ordinary roads, though their superior smoothness 
gives them a decided advantage, while their expense does not, as stated 
by Macneil, at all exceed that of granite. Iron tracks are sometimes 
made with a flat surface, but a slight concavity, as in Woodhouse's rail, 


which tends to keep the carriages more accurately in the right course, — 


and is therefore an advantage when the vehicles used on the tramway 
are nearly uniform in width. The granite blocks used for stone tram- 
ways are generally from 3 to 6 feet long, 12 to 18 inches wide, and 8 to 


12 inches deep. Great care is necessary in bedding such large blocks ;_ 


and the joints require nice adjustment. They are frequently laid end to 


end without any fitting into each other, but it has been proposed to | 


dovetail the ends together, to insert a small stone as a dowel between 
two blocks, to use iron clamps, or to join the stones with oak tree- 
nails. The granite tracks used on some steep ascents in the Holyhead 
road are bedded on a ss meaes 8 inches thick, packed and me f and 
a layer of 3 inches of broken stones not exceeding 14 inch in diameter; 
a thin stratum of gravel, well rolled, being placed last of all to receive 
the blocks. When they are laid, the centre and side spaces are filled 
up With ordinary road material to the level of the tracks; a row of 
common granite paving-stones, about 6 inches deep, 5 wide, and 9 


long, being laid along each side of the tracks to prevent loose materials — 


working on to them. Mr, Stevenson, in the ‘ Edinburgh Encyclopedia,’ 
recommends the use of smaller stones, as being cheaper and less 
liable to injury from vibration than those of the usual size. The 
dimensions recommended by him are 14 inches deep, 18 inches wide 
at the base, 12 inches wide at the top, and 6 to 9 inches long. 
The increased accuracy required in the numerous joints might pro- 
bably counterbalance any advantage gained by the adoption of small 
stories. 

‘The great saving of power effected by the use of tramways for 
ordinary carriages is shown by numerous experiments, some of which, 
tried on the granite tracks of the Commercial Road in London, proved. 


that a well-made waggon will run with increasing velocity, by the — 


force of gravity alone, down a mean slope of 1 in 155. Om this road a 
waggon weighing ten tons was drawn with apparent ease by 
a single horse, up an ascent of 1 in 274, for a distance of about two 
miles. On an iron tramway laid in 1816 by the Forth and Glyde canal 
company at Port Dundas, near Glasgow, a horse has taken a load of 
three tons on a cart weighing nine cwt., up an acclivity of 1 in 15, 
without difficulty, though he could not proceed with it on a common 
causeway with an easy line of draught; and the carters agree 
that the horses take up three tons upon the iron tracks as easily 


as they did twenty-four ewt. on the common causeway previously — 


used. 


In order to ascertain the comparative durability of different kinds of 
atone for tramways, and for paving generally, Mr. Walker tried some 
experiments on blocks laid in a toll gateway on the Commercial Road 
tramway, the results of which were as follows :—The blocks were 18 

inches wide and 12 deep, and were laid down in March, 1830; and the 

loss given in the table was ascertained after they had been in use 

seventeen months, in August, 1831 :— 
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— Loss of Depth. 
me ption of Stone. Absolute. Comparative. 
Fe iy a JO » 060in. 1000 in, 
a Beme . ss vos - O75 1190 
gu Budlet eins er ee 1-316 
Blue Peterhead . . 4. 2°10h 2-080 
Heyton 2 ot OO Re ra 2-238 
Red Aberdeen. . . « « + ‘159 2524 
ee ey) ot tee 3-285 
Blue Aberdeen ae nc oa ae ee 8571 


Stone tramways have been adopted in many street pavements where 
_ @ great traffic is carried on, particularly in some of the narrow streets 
_ im the city of London, with much advantage ; but their application to 
__ acelivities on ordinary roads has hitherto been more limited than their 
_ merits deserve. By their judicious introduction on a few steep incli- 
nations, many hilly roads might, at a small expense, be made 
equal to level lines ; and it is probable that such a measure would , 
in an important degree, to enable turnpike-roads to meet the for- 
midable rivalry of railways, ee 
( rmepl aay dee pyre lar ase yprareng applica- 
p and states that an iron 
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, fitting of the stones. Some of the imitations of the 
in the street-pavements of Italy show the like attention 


points, the set in mortar on a 
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M., of March 16, to six o'clock, a.m., 
observed to pass over London Bridge, 
and carts, and 2430 other 


wed road, the origin of which is commonly 
the chauseée, or roughly-paved causeway 


fa 


, unless laid with a degree of care that 
for general adoption, it causes a very 
jotting. In such roads the pavement usuall 
: of the road, leaving the sides avail- 
beet a en ee tae eae bam 
ere the width of the way would allow, it might 
i Ce es track of pavement or 
for winter use, and er of inferior materials 
eave the wear of the hard road and increase the 
- ; 


Such 
approaches to great towns, w 
a sherlae oe , that carters may walk either on or 
. , and that foot-passengers not be incommoded 
“by the dirt of the metal road. ry 
__ In Holland, pavements of brick, which are also bly derived 
the practice of Roman engineers, are used, not only 
T footpaths, but also for the passage of heavy carriages, which run on 


© Herm is an island adjoining Guernsey. 
“$ A whinstone from Northumberland, All the rest are granites, 


them with great facility. The bricks used for this purpose are thin, 
and well bedded in lime. 

Common stone pavements are, by most writers, divided into two 
classes: rubble causeway, in which the stones are of irregular shape, 
and very imperfectly dressed with the hammer ; and dressed causeway, 
which is formed of stones of larger size accurately squared and dressed. 
In both kinds the excellence of the pavement depends greatly on the 
firmness and eyenness of the bed, and the careful fitting of the stones 
to each other, which may be accomplished with very irregular stones 
by judicious selection. If one stone be left a little higher or lower 
than those adjoining it, or if it become so in consequence of defective 
bedding, the jolting of carriages in passing over the defective place will 
quickly damage the pavement; the wheels acting like a rammer in 
driving the depressed stones deeper into the earth, while the derange- 
ment of the lateral support that each stone should receive from those 
adjoining it, occasions the dislocation of the pavement to a consider- 
able distance, and the consequent working up of the earth through the 
disturbed joints. Defective joints form another fruitful source of 
injury and inconvenience both to the pavement itself and to the vehicles 
jolted over it. If, as is often the case in inferior pavements, the edges 
of two adjoining stones do not meet with accuracy, narrow wheels will 
have a tendency to slip into the joint, and by doing so, to wear the 
edges of the stones, till, as may be frequently seen, the surface of each 
stone is worn into a convex form that renders the footing of horses 
insecure, and causes the motion of vehicles drawn rapidly over them 
to consist of a series of bounds or leaps from one stone to another, 
accompanied by a degree of lateral slipping highly injurious to the 
earriage, while the irregular percussion produced tends greatly to the 
destruction of the pavement, 

In order to procure a firm foundation, and to prevent earth from 
working up between the stones, it is advisable in the first instance to 
form a carriage-way of gravel or broken stone, and to allow it to 
be by carriages till consolidated, before laying the pavement. 
This plan is stated by Edgeworth, in his‘ Essay on the Construction 
of Roads and Carriages, 1817, to have been practised successfully by 
Major Taylor, of the Paving Board, in some pavements in Dublin, and 
it is strongly advocated by more recent road-makers. Where broken 
stone is laid to a considerable depth, it should, as in the case of 
metalled roads, be applied in thin layers, each being separately worked 
into a compact state. In streets of very great traflic, it is a good plan 
to lay a sub-pavement of old or inferior stones, bedded on broken 
stone, as a foundation for the surface pavement, a measure which has 
been practised with advantage in Paris; but of late years it has been 
the custom in London to form the bed of paved roads by means of a 
layer of gravel, perfectly clean, which is rudely converted into a species 
> potaad rw by floating the surface with lime-water. The bed of 
the pavement should be formed into a slight convexity, the slopes 
being about 2 inches in 10 feet. A thin coat of gravel or sand laid 
immediately under the paving blocks is of use in filling up slight 
nee ner gg in their shape, and enabling them to form a com- 
pact 

For the paving stones hard rectangular blocks of granite are pre- 

erred, though whinstone, limestone, and even freestone, may be used. 
Guernsey granite, as shown by the table in a previous column, appears 
to be the most durable, hut it is more liable to become inconveniently 
smooth than some stones of inferior hardness, such as the Mount 
Sorrel or Aberdeen ite, The stones may vary, according to the 
traffic, from 6 to 10 inches deep, 6 to 18 inches long, and 4 to 18 inches . 
wide; but it is ng A essential that the depth of all the blocks in one 
piece of pavement should be alike, and that where the width is ual, 
the stones be so sorted that all used in one course should be uniform 
in yw? ph eeee The accurate dressing of the stones is a point often 
too little attended to; and an injudicious mode of forming contracts 
for t paving; in which the payment has been by the square yard of 
paving laid, has, in connection with the effect of competition in bring- 
ing prices below the remunerating point, led to the use of stones in 
which the base is smaller than the upper surface, and which, when laid, 
scarcely come in contact with each other except at their upper edges. 
In some pavements the stones are made smaller at the top than the 
bottom, the joints being filled up with stone-chips, concrete, or an 
asphaltic composition ; and in those of the more common construction 
the sides of F sageryse 8 are occasionally hollowed, so as to receive a 
small quantity of gravel or mortar, which serves as a kind of dowelling. 
Ramming the stones with a heavy wooden hammer is a practice that 
has been much recommended, and it is considered that a more efficient 
application of the process, by means of a ramming-machine, or portable 
monkey, would remove some of the defects arising from imperfect 
bedding ; but when the stones are well laid, and bedded in strong 


to | mortar, as the best recent pavements are, a few blows with a wooden 


maul of about 14 pounds weight are sufficient to fix them firmly in 
their place. Grouting with lime-water poured all over the pavement 
facilitates the binding of the whole together, and fills up the joints, 
80 a8 to effectually prevent the working up of the substratum. The 
blocks are commonly laid in rows across the road, the joints in each 
row being different from those of the adjoining ones; but pavements 
of superior smoothness have been laid in courses stretching di 

across the street, by which means all the joints are passed over by 
carriages with greater ease, This arrangement is particularly desirable 


oe 
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at the interseotion of streets, as it diminishes the risk of horses slipping. 
Longitudinal courses are obj on account of the tendency of 
narrow wheels to enter the jointa. In paving steep inclinations, it is 
well to use narrow stones, on account of the number of cross-joints ; 
or, if large stones be used, to cut di furrows across their surface, to 
i A plan of paving for such situations, which has 
effectual, is represented in the annexed diagram, in 


which the stones are so i alps tees ee The 
chief objection to this plan seems to e jolting to carriages, 
which produces 80 rh arse a noise that, in one instance, ne 4 a 
vement was taken up at the sores alamo of the street. 
patents have been procured for p of forming stone pavements 
in w the pressure of carriages might be simultaneously distributed 
over several stones, by various contrivances for dovetailing and other- 
wise fitting the stones together; but such plans are gen too com- 
plicated, requiring an accuracy of formation that would be v 
ee owing to the hardness of the stone, Thin blocks of stone) 
in asphalte, have been tried, and appear to make a good 
pavement. 

When completed, a thin coat of gravel spread over the surface is 
useful in aimlaishing the effect of the jolting of carriages on the new 
pavement, In case of rump ec ciate age canara reer he 
water-pipes, &c,, great care is necessary relaying the part, in doi 
which it is well to apply some fresh peta tind to the bed, an 
to lay the paving stones without mortar, until the foundation is 
settled. - 


The serious defects of the Fcxyenns ve Fe ae 392 have led to a 
of experiments on other me' of forming carriage-ways 
vaitatte for streets, of which the adoption of broken Pron bt 
adamised roads, has been the most general. Opinions differ widely as 
to the propriety of this measure, but an idea seems to be gaining 
ground that the comparative quietness of such a road, and its superior 
ease to , are insufficient to counterbalance the increased 
draught of carriages, the dust of summer, the mud rapidly formed in 
wet weather, and the great expense of keeping in repair a metalled 
road when subjected to the constant wear of a busy town. 

The enormous ex of maintaining some of the metalled roads 
in London has led to attention being given to various plans of paving 
with wood. A very coarse kind of wooden road, consisting of rough 
logs laid close together across the track, is much used in North 
America, under the name of corduroy roads, but the wooden pavement, 
es mpg seems to have been first used in Russia, and tried on a 

imited scale at Vienna, New York, and some other within a few 

One of the earliest kinds used consists of blocks of fir or other 
wood cut into. h nal cylinders, of 6 or 8 inches diameter, and from 8 
to 12 or 15 inches deep, and placed close together, with the grain verti- 
cally. The blocks are sometimes tarred, or may be kyanised; but 
even where no such precaution is used, the wear is very trifling, as the 
swelling of the wood from moisture makes the joints very tight and 
im ous to water. Such a pavement is very smooth when first laid, 
but unless the foundation be very carefully prepared, it is liable to 
sink into hollows like the common stone pavement, owing to the want 
of cohesion a oo Poin ss bl a deficiency which it has 
been remedy 7 pegging co doweliog the pieces together, 
thonek tials tomes is not very suitable for the lg sapaeey 
mens have been laid on a flooring of planks, to avoid this inconvenience. 
Numerous other systems of wood pavements have. been adopted, 
but in of the incidental advantages (as in the case of the 
su of noise, &c.) they have been found to be so danger- 
bark pupae as to render it necessary to abandon the use of that 


powder, and seven parts of bitumen; the two 
melted together, and a little fine gravel or sand stirred in with 


Saas 


the mixture. The composition is ready for use when it simmers with 
a consistency similar to that of treacle, and it is spread while hot so as 
to form a coating about an inch thick 7 a levelled foundation of 
concrete. The thickness of the asphalte meguatee be as of wood 
or iron, which are often so disposed as to divide the pavement into 
ornamental compartments, the asphalte being made of various colours 
by the admixture of different kinds of sand or other substances. 


Where the ornamental character of the pavement forms a messes jot 
ing feature, beautiful imitations of mosaic work may be executed with 


imitation of it generally require too much bitumen, and are injuriously 
affected by great changes of temperature. Some experiments have 
been e, but with very indifferent success, on the formation 
of carriage-ways with blocks of —_ composition 
containing a considerable quantity of gravel or broken stone, 
{AsrHarte.} j 

Foot-pavements of flag-stones require very little remark. The curb- 
stones thould be very hard, and firmly set in cement on a bed of gravel. 
They usually rise about 6 inches above the surface of the carriage-way, 
which may be made to abut immediately upon them, without the 
intervention of a gutter. 
iron are to be preferred. The flagstones, which should never be less 


of gravel; but sometimes, when there are no cellars underneath, are 
taid. dry. The appearance of many of the new streets of London is 
greatly improved by the use of flagstones of extraordinary dimensions, 
extending the whole width of the pavement; and a similar appearance 
at much less cost may be obtained by the use of asphalte. A slight 
degree of slo, ement , e 

the gutters, for which purpose a fall of 1 inch in 10 feet is sufficient, 
while a steeper inclination is objectionable from its danger in slippery 
weather. 


yements or floors of this material have been laid 
the London , where, among other advantages, it is found 
ferable to wood in point of cleanliness. Trackways of slate 2 i 
thick are found strong enough to bear ns or carts with 4 or 5 
tons of goods; and some are laid of only half that thickness on an old 
wooden floor, * 

A ‘ Treatise on Roads, &c., by Sir Henry Parnell, of which a second 
edition was published in 1838, may be consulted with advantage 
those desirous of obtaining further information on the theory 

ice of road-making. The works of Bergeir, McAdam, 

ganzin, Schwilgué, Lehay, and several others; and the various 
Parliamentary Reports relating to roads from the commencement of 
the present century, as well as those of the Holyhead Road Com- 
missioners, also contain much valuable matter on this subject. It 
may be interesting to add, as a means of forming an approximate idea 
of the importance of our ordinary roads, that the sum laid out in the 
repairs of the turnpike roads of England and Wales in 1857 was not 
less than 1,127,791/., including the interest on the debt, or a sum of 
182,034/.; and that the county roads cost 2,286,559/. There are no 
recent returns of the lengths of the different kinds of roadways, but 
the cost of maintaining a turnpike road may be taken at 50/, per mile, 
and that of county roads at 11/, per mile. 

ROADSTEAD, a sheltered bay, or portion of a sea-coast, in which 
vessels may lie safely at anchor until the tide should allow of their 
entering the harbour or dock at the bottom of the bay, or to pass the 
bar of a river discharging into the same. There are other roadsteads 
upon open coasts, formed by reefs or sand-banks running parallel to, 
but at some distance from, the shore, which afiord shelter from 
winds blowing in certain directions, and thus materially assist 
the coasting- trade. Portland Roads and Spithead are. illustrations 
of the first class of roadsteads; Yarmouth and Deal Roads are 
of the latter class. Plymouth, Cherbourg, and Delaware Bay haye 
been artificially converted into safe roadsteads, and the same 
Sao has been attained by the remarkable works executed at the 

elder. 

The essential conditions of a safe roadstead are, that it should pre- 
sent a area of water-surface of great depth; that it should have 
good holding ground; and that it should be protected from all winds 


durable. Some 


must be easy, and indeed it is preferable that there should be more 
than one entrance to a roadstead, so that a vessel driven by stress of 
weather may be able to make either the one or the other pass, or, if 
driven past one of them, may still have a chance of taking refuge in — 
the other. _ It is precisely for this reason that the roadstead of the port 
of Vigo is one of the most admirable harbours of refuge in Europe ; _ 
for the Islas da Bayona stretch across the mouth of the bay, lea 
two channels near the shores of the main land, and an ov is 
channel ‘between the two islands. The artificial roadsteads at Ply- 
mouth and Cherbourg haye two navigable passes, for the breakwaters 
are in both cases formed in deep water, and without connection with — 
the shore; but neither of these marvellous triumphs of human inge- 
nuity and perseverance are so efficient as is the natural screen at Vigo 


in checking the transmission of the external agitation. In the open — 


Where gutters are introduced, those of cast-— 
than 2h or 8 inches thick, are commonly bedded in mortar ona layer — 


should be given to the pavement, to conduct water to — 


Among the substitutes for common Yorkshire flagstones that have — 
been recommended, may be mentioned slate, which appears to cr 


which are likely to create much agitation in the water. The entrance ~ 
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h as Deal row ns same when the wind blows parallel to 


open sea. To some extent, all roads must 
inconvenience from the waves when the wind 
into their entrances; but if the shelter from the 
should be perfect, it would be found that the 

would soon be lost in 
natural or artificial means of 


ald occupy would be proportionally less. If 
bability of the transmission of the external 
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placed close to the fire, to set the skin.” For young meats the process 
ee cceriomeh nite thon ty) todlen The ve 
roasting meat is m '} boiling : “By boiling, mutton 
loses io pay tee but by ing, these 
about one-third of their weight. In roasting, the loss arises from the 
and the evaporation of the water, but the 
ene Gia eltian ie patly siatrastod: Homhed are therefore move 
the is abstracted. are therefore more 
nutritive than boiled Caan (Paris, ‘ On Diet.') The digestibility is 
young meats, which are deficient in osma- 
zome, to which the eapidity is mainly owing, and which during boiling 
ewe eyed, while in ye ing ti — 
developed and retained. “ Young and v food, 
Sr chekson &e., is more wholesome when 
roasted than when boiled, and are more easily digested.” The best 
and most tender meat may, however, be rendered hard and indigestible 
<p trannd or ignorant cook. Everybody knows the advantage of 
boiling—edow roasting is equally in See Dr. Kitchener's 
* Cook's Oracle,’ in which the most sensible and racy instructions on 
this head are given; also in Miss Acton’s ‘ Cookery,’ as well as the 
different works of Alexis Soyer. 


most nutriment, it will be less digestible on account of the density 
of its texture.” is of importance to remember when it is intended 
for the diet of convalescents, for whom broiled and roast meats are 


vated the aireumalaiien othe pio y 
weeva, we whiles tis emu taco 


The ility is increased by the meat being well done, rather 
Geeeiiedanen, “tor thoc in this latter state it may contain | three y 


of the person, of the owner or other lawful possessor, either by violence 
or putting in fear. This offence appears to have been formerly confined 
to cases of actual violence to the person, but in later times it has been 
extended to constructive violence by putting in fear, and not only to 
cases where property has been taken or delivered under a threat of 
hodily violence to the party robbed or to some other person, but also 
where the fear has resulted from apprehension of violence to his 
habitation or to his property, or where it has been occasioned 
by threats of accusing the party of the commission of an infamous 
crime. 

Robbery was formerly regarded not as an aggravation of the crime 
of theft, but as a distinct and substantial crime. Latterly, however, 
robbery has been treated as an aggravation of theft, and it has been 
held that if, upon the trial of an indictment for larceny, it appear that 
the taking amounted to a robbery, the party may nevertheless be con- 
vieted of the larceny 

The stealing is said to be by violence when it is effected by doing 
any injury, however slight, to the person of the party robbed, or when 
the act of taking is accompanied by any degree of force for the purpose 
of overcoming resistance. A snatching or taking of property suddenly 
or unawares from the person, without some actual injury to the person, 
does not amount to robbery. If violence be used, it is sufficient to 
constitute robbery, although resorted to under the colour of executing 
legal process, or of the exercise of some other lawful authority. It is 
not essential to the offence of robbery that the violence should have 
been at first used for the purpose of obtaining the property, provided 
the violence be unlawful and the property is yielded up, or permitted 
to be taken, in order to prevent further violence. 

angen be considered to be effected by threat of violence to the 
person, when possession of the thing stolen is obtained by any threat, 
menace, or other act calculated to excite fear or apprehension of 
violence, present or future, to the person of the party threatened -or of 
any other party in whose welfare the party to whom the threat is 
addressed may feel interested. It is immaterial whether the threat, 
&c., be direct or indirect, or whether conveyed by words, gestures, or 
signs, or whether made under pretence of lawful claim or of acting 
under legal process or other lawful authority, or of asking charity, or 
of making a purchase, or under any other pret The exist of 
actual fear in the mind of the party robbed is not material, provided 


iting | the act of stealing be accompanied by such threats or other acts as‘are 


calculated to create the expectation that force will be used in case of 
resistance. Where no actual violence is employed, and the threats, 
&e., used do not create any apprehension of violence or expectation 
that force will be resorted to in case of resistance, or if such appre- 
hension or expectation has d to exist at the time when the property 
is taken, the offence of robbery is not committed. If property be taken 
by violence or by threats, &c., it is robbery, although the owner may 
have voluntarily exposed himself to the attack for the purpose of 
apprehending the offender. 

At common law, robbery was a felony punishable by death, without 
regard to the quantity or value of the property stolen. The offender, 
however, was entitled to benefit of clergy | Benrrir or CiERcy], until 
this advantage was taken away in cases of robbery, under different 
circumstances of vation, by several statutes. 

The offender was liable to be punished at the suit of the crown after 
a trial upon an indictment, and, in certain cases, when taken in the 
very act, upon a trial without indictment. The party robbed also was 
entitled to bring his criminal action or appeal b axhin' pt, against the 
robber, for the purpose as well of punishing the offender as of obtaining 
restitution of the property stolen. 

The party robbed may without any formality retake his goods 
wherever he can find them, unless they have been waived or thrown 
away by the robber during his flight, or seized by the officer of the 
crown or of the lord of the franchise, or sold in open market. But after 
such waiver, seizure, or sale, the owner cannot retake them of his own 
authority. At common law a writ of restitution could be obtained 
only upon the successful prosecution of a writ of appeal. But the 
courts before which a party is convicted of robbery or of larceny 
are now authorised to award writs of, or make orders for, restitu- 
tion of stolen goods (21 Hen. VIII. c. 11; 7 & 8 Geo. IV.,c¢. 29, 
8. 57). ‘ 

Rob’ is punishable by penal servitude for life or for any term of 
years not less than three years, or by imprisonment for any term not 
exceeding three years, and for any period of solitary confinement during 
such imprisonment not exceeding one month at a time, or three months 
in the space of one year. 

Upon an indictment for robbery, as well as for any other felony 
which includes an assault upon the person, the jury may acquit of the 
felony, and find a verdict of guilty of assault, against the party 
indicted, if the evidence will warrant such finding; for which assault 
the party may be sentenced to imprisonment for any term not exceeding 


ears. 
Rospery, in the Roman law, was called Rapina, and the remedy of 
the injured person was the actio vi bonorum raptorum against the 
robber. Robbery was, in fact, a species of Furtum; for the definition 
of furtum was, “ a fraudulent carrying off (contrectatio) of a moveable 
ing against the owner's consent.” The word ‘ fraudulent” com- 
prehended the notion of a person carrying off the thing for the purpose 


oo 
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of making it his own. Rapina only differed from Furtum in being 
effected by force. ’ 

Furtum was committed in various ways, besides by taking another 
person's perty. A debtor committed furtum, if he fraudulently 
carried off a thing which he had pledged to his creditor. It was furtum 
to use a thing that had been lent, for a different purpose from that for 
which it had been lent. Furtum was either manifestum or nec mani- 
festum. It was furtum manifestum beyond all doubt when the thief 
was eanght in the act; but there was a difference of opinion as to 
whether it was furtum manifestum or nec manifestum in a variety of 
cases. A to some writers, it was furtum manifestum if the 
thief was taken with the thing before he had reached the place to 
which he intended to carry it. Furtum which was not manifestum 
was nec manifestum. The Twelve Tables made the punishment of 
furtum manifestum a capital offence, that is, an offence the penalty for 
which affected a "s caput or status, The edict changed this into 
i. The remedy in the case of furtum nec manifestum, 
which the Twelve Tables gave, was an actio dupli, which the edict 
retained. All could have the actio furti who had an interest 
in the preservation of the stolen thing; consequently others besides 


the owner might bring the action, a bailee for instance : and sometimes 
the owner could not bring it, as in the case of bailment, provided the 
bailee was a cB te If he was a responsible person, he 
was bound to ¢ good the loss to the owner, and consequently could 


bring the action, and the owner could not. Condemnation in an actio 
furti was followed by infamia. 

The owner of the thing might also bring his action for the recovery 
of the thing itself or its value. 

The law of the Twelve Tables permitted a person to kill a thief who 
was detected in the act of theft in the night; and a thief might be 
killed in the dny-time, if he defended himself with any weapon 
(telum). But the severity of the old civil law was gradually miti- 
gated by the edict, and the offence of theft was, as already observed, 
only panes ble by an action of furtum, and the consequent pecuniary 


The Roman law of Furtum is stated in Gaius, iii. 188-209; Diy., 47, 
tit. 2: Jnet., 4, tit. 1. 

ROBES, MASTER OF THE, an officer of the household who has 
the ordering of the king’s robes. By statute 51 Henry III, the 
* Gardein de la Garderobe de Roi,” the warden of the king’s wardrobe, 
was to make accompt yearly in the Exchequer, on the feast of 
St. Margaret. The office has always been one of great dignity. A 
female sovereign has a mistress of the robes. High privileges were con- 
ferred upon the office by King Henry VI.,and others by King James L., 
who erected the office of master of the robes into a ration. 

ROBINIC ACID. An acid of doubtful composition, said to be 
contained in the root of the Robinia pseudo-acacia. It is crystalline 


and deliquesces in moist air. 

ROCCELLIC ACID, (C,,H,,0,?) obtained from the Roccella 
tinctoria, This acid ises in fine colourless needles of a silky 
lustre, It is insoluble in water, whether cold or hot; alcohol dis- 
tkiog it pa ale Pgs a hie rp at the isi | 

u issolves it : it melts at 266° 
and sclidifies at 251°. zu F 


The alkaline roccellates dissolve in water, and yield solutions which 
froth like soap; but when concentrated, the solutions cannot be drawn 
out in threads like those of other soaps. Roccellate of potash crystal- 
lises in small lamin ; the salt of lime is a white Gireslpttata, insoluble 
in water, and contains 15°9 per cent. of base, 

ROCELLININ. [Licuens, Corovrrna Marrers or.] 

ROCHELLE SALT, [Tartanrc Acip.] 

ROCK ALUM. [Atum.] 

ROCK CRYSTAL, [Stutcoy.] 

ROCK SALT. [Sovrum.] 

ROCK-W »in gardening, an elevation, composed of earth and 
other loose materials, and covered with stones uit teciianta of rock, 
&e., amongst which plants adapted for such a situation are grown. 
When the rock-work is managed skilfully, and in accordance with 
surrounding objects, it may be made to add much to the beauty and 
interest of the garden. In the first place a proper situation should 
be selected, and the character of the rocks should harmonise with the 
situation, Simple outlines and surfaces not broken into fantastic 
oo best suited to show off the plants, The best stones for 

-work are those which resist the action of the air, and they may 
be selected to convenience from the rocks of the neighbour- 
hood in which they are used. The most irregular t to be chosen, 
especially those with cavities in them, which may be filled with earth 
for the growth of mosses, ferns, and small plants, Frequently stones 
are met with covered with lichens, which, from their picturesque 
colours, have a pleasing effect. Of these, the Lichen atroflavus geoyra- 
phicus, ventosus, perellus, and stellaria, are most common. Such stones 
are mostly large, and are best adapted for the base of the rock- 


Although rock-work is intended to present a mountainous or rocky 
v in a «mall space, yet there are many that 
prevent the growth of true mountain and rock plants in such a situa- 
tion ; but the ridges of earth and stones of which it is composed 
afford a situation for the plants that chiefly occupy the dry 


ROCKET, 
ts of 


soil of plains. On this account, small shrubs and creeping plan’ 
any kind that will grow in a dry soil are selected for rock-work. Of 
these, the varieties are numerous, and the taste and care of the culti- 
vator may be advantageously shown in the selection, 

ROCKET is a cylindrical vessel or case, Cab pena or metal, 
attached to one end of a light rod of wood, containing a com; 
sition which, being fired, the vessel and rod are projected through 
air by a force arising from the combustion. , 

Rockets have long been used as a means of making signals for the 

uurpose of communication when the parties have been invisible from - 
istance or darkness, or otherwise inaccessible toeach other; and they __ 
have occasionally served the important purpose of determining the 
difference of longitude between two places. In the latter case the 
rocket is fired at some convenient spot between the stations, from both 
of which the explosion must be visible; and the latter en bo 
instantaneous, the difference between the times at which it is o! ! 
as indicated by chronometers so as to show the mean times 
at the places, is the required difference of longitude. Rockets have 
also been constructed for the purpose of being used in warfare,and 
such missiles were so employed for the first time at the siege of Copen- 
in 1807, ey 
n signal rockets the part of the case which herein = 
by whose combustion the projectile force is produced, is j atthe 
upper extremity, to a conical case containing the composition for pro- 
ducing the explosions or star's of light which constitute the signal, and 
the length of this part is always rather greater than the diameter of — 
the cylindrical part of the case, Such rockets are made to weigh halfa 
pound, one pound, oroceasionally even two pounds, Theexteriordiameter 
of the one-pound rocket is 12 inch; the length of the cylindrical case is 
123 inches, and the length of the conical head is 3 inches. The rod is 
generally attached near the base and on one side of the rocket; its 
length is about 8 feet, or 60 diameters of the rocket, and its thickness 
position with which 


a 
ae 


is about half a diameter of the latter. The com 
the cylinder is filled consists gene of saltpetre, sulphur, and charcoal 
or gunpowder; the whole is reduced to a mealed state, and well mixed ; 
ther in the following si pe :—saltpetre, 4 lbs.; sulphur, 
1lb.; and charcoal, 1 1b. 8 oz. composition which produces what 
are called the stars consists of saltpetre, 8 lbs. ; sulphur, 21bs, ; sulphide 
of antimony, 2]bs.; mealed powder, 8 oz,; and isinglass, 3j0z. The 
latter is dissolved in one quart of vinegar, after which one pintof 
spirit of wine is added, and then the mealed composition is mixed __ 
with the liquid till the whole becomes of the same consistency asa stiff 
paste. It is then moulded into short cylinders, and when dry, these _ 
cylinders are packed into the head with a small bursti 2 
When the composition of the rocket is burnt out, the burster blows 
open the head and frees the lighted stars. 
The rocket case having been placed ona conical spindle, which passes 
a certain distance up the centre, the composition for burning isrammed _ 
or driven round it, so that in the interior about the axis a void space of = 
a conical form is left in order that a considerable surface of the com- 
position may be at once in a state of combustion. The neck of the — 
rocket (the part to which the rod is attached), is then choked, or — 
reduced in size, leaving a small hole or vent through which the fireis 
communicated to the composition. The combustion of the latter 
immediately takes place on all the concave conical surface about the — 
void space just mentioned. , Og 
In order to understand the cause of the rocket’s motion, let it be 
observed, that if the composition were to be fired within a vesselor 
case closed on all sides, the pressure of the gas generated would be 
equal in every direction, and the case would either burst in pieces, or, 
if sufficiently strong, would remain at rest while all the composition 
was being consumed. But, the case having an aperture or 
at the choke or lower extremity of the cylinder, the 
would have taken place against that extremity is reduced by the escape 
of the gas into the atmosphere; and there is an excess of pressure on 
the head, which is not counteracted by a pressure on the other ex- 
tremity, equal in amount to the pressure due to a surface of the size : 
of the orifice, that is, disregarding the resistance of the atmosphere to 
s the rocket forwards or 


a 


the escape of 3 and this pressure impel: 
penta ts This forve acts in a manner similar to that by which a 
recoils when the ¢ is fired; but, in the latter case, the 


pag a almost instantly from the bore, the force is one of impulseon = 
the bottom of the chamber which ceases nearly as soon as itis , 
whereas, in a rocket, the composition continuing to burn di several 
seconds, the force of impulse becomes a force of pressure, which con- 
tinues to act till the material is consumed. Hence it follows that 
rocket ascends, or moves forward, with an accelerated motion till the 
resistance of the air becomes equal to the acecelerative force; and 
when the composition is burnt out, the rocket falls to the ground. 
We see then that ceteris paribus, the larger the vent or aperture, the 
[Reet will be the pressure on the head, driving the rocket forward, 
ut this is modified by the consideration that the smaller the aperture 
the will be the condensation, and, therefore, pressure of gas 
oe ; or, in fact, that the gas should not be allowed to escape as 
t as it is generated. Again, the more rapidly the gas is generated, 
or the stronger the composition is, the greater will be the : 
but at the same time, the sooner will it be burnt out, and the stronger 
and heavier must be the case, These considerations are most import. 
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the large military rocket, and will be found 
‘Treatise on Gunnery,’ p. 67, chapter 


flight : for the common 

a little below the top of 

one-pound rocket it is 2 feet from the upper ex- 

tremity of the rocket, or 7 feet from the lower extremity of the rod) ; 

eae ee ee res Somards, and vikestion 
place about the centre of gravity by any excess of 


(Set aecneg cat ee the long portion of the rod 
that centre, like a force acting on the longer arm of a lever, will 
exceed the force by which the vibration is , since the latter 
force acts on the rocket and the upper of the rod which constitutes 
the shorter arm of the lever; and thus the vibration is checked or 
prevented, and the rocket is enabled to ascend steadily. But, in pro- 
portion as the composition burns out, the common centre of gravity 
a ae middle of the whole length of the rocket and 

; and the resistance of the air acting at length nearly equally 
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above ty 

in the burning of the composition. Thus, in falling, the top of the 
wawards, 

rod performs a similar service when the rocket is impelled 

enough to carry the rocket forward, and the centre of gravity of the 


whole is near the rocket end of the rod, the resistance of the air 
re eee, Oe Senly roe any vibration; but, 


the centre of gravity has near the middle of the length, the 
hea of tp ost gio too, and tng the, whole ime 
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diameters Mi oar 2 to 3 inches, have ascended to the height of 

distances at which rockets can be seen vary from 

35 to 40 miles ; and the times of ascent from 7 to 10 seconds. (Robins’s 
) 


; coincide in 
direction with that of the rocket. Five classes of rockets were first 
made, namely, 3, 6, 12, 24, and 32 pounders. The 32 pounders have now 


vents for the paraboloid head. 
in the base, that is, nearest the rocket com- 
the apex, through which the 

charge is introduced. Through this hole the boring bit is 
it is necessary to bore out any fuze composition for 


Sayed and hardly repays the trouble. The stick is screwed into 

i i round it are five venta for 
the gas. the direction of their flight may 
be more certain, military rockets are, in general, fired from tubes 
and rained sufficiently above the fo Sood y- ey stick Uf May ood 

e to k e off it; an 

the elevation, at least for the nian rockets, is about one 
degree for each hundred yards in the required From their 


re Sar peers to a considerable depth when fi 
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ao is the powerful action of 

the wind when it blows ina oe on oblique, 
pees tne of Se The effect is very peculiar, for the wind 
er, drives the head up into the wind. The 


laid to leeward. 
Rockets, being much lighter than any other kind of ordnance, and 
capable of being used with or without carriages, are well adapted for 


rocketa were used at the bombardment of Flushing | 
); and in 1818 the British rocket- 
service at the battle of Leipzig. The advance of a French column 


against an inferior force of British troops was checked by a well 
directed fire of rockets at the passage of the Adour in "the last- 
mentioned year ; and it is said that the explosion of the powder- 
magazine which in 1840 produced such disastrous effects at Acre, was 
caused by the fall of a rocket on the building. Rockets were used both 
by the French and English before Sebastopool. A rocket was invented 
by Mr. Hale a few years ago to be used without a stick; the rocket was 
something similar to the Congreve rocket, but at the base, which is in 
form like the frustum of a cone, besides a large vent hole in the axis 
there were five smaller holes cut obliquely through the exterior 
surface of the conical part. These holes, termed “ tangential holes,” 
are made with the object of giving a rotatory movement to the rocket 
to keep it point foremost. fRtene.) The rocket was restrained by a 
spring in the tube till it had obtained sufficient initial velocity to 
prevent its drooping. 

ROD. [Percu.]) 

ROGATION DAYS. It was a general custom formerly, says 
Bourne, and it is still observed in many country parishes, to go round 
the bounds and limits of the parish on one of the three days preceding 
Holy Thursday; when the minister, accompanied by his church- 
wardens and parishioners, used to deprecate the vengeance of God, beg 
a blessing on the fruits of the earth, and preserve the rights and 
properties of the parish. The primitive custom used by Christians on 
this occasion was, for the people to accompany the bishop or some of 
the el into the fields, where Litanies where made, and the merey of 


God implored, that he would avert the evils of plague and pestilence,. 


that he would send them good and seasonable weather, and give them 
in due season the fruits of the earth. The Litanies or Rogations then 
used gave the name of Rogation Week to this time. They occur as 
early as A.D. 550, when they were first observed by Mamertius, bishop 
of Vienna, on account of the uent earthquakes that happened, and 
the incursions of wild beasts, which laid in ruins and depopulated the 
city. (Walifred, Stral., c. 28,‘ De Repub. Ecclesiast.’) In the canons 
of Cuthbert, archbishop of Canterbury, made at Cloveshoo, in the year 
747, it was ordered tliat Litanies, that is Rogations, should be observed 
by the and le, with great reverence, on the seventh of the 
calends of y, according to the rites of the church of Rome, which 
terms this the Greater Litany, and also, according to the custom of 
our forefathers, on the three days before the Ascension of our Lord, 
with fastings, &c. (Wilkins, ‘ Concil. Brit.;’ Spelm., v. ‘ Litahia.’) 
In the Book of Common Prayer they are still retained. The three Ro- 
gation Days are the Monday, Tuesday, and Wednesday before Holy 
Thursday, which are appointed fast days. The previous Sunday is 
jon Sunday. 

ion Week, in the northern parts of England, is called Gang 
Week, from to gang, which in the north signifies to go. Gang-week, 
occurs in the rubric to John, c. 17, in the Saxon Gospels; and 
Gang. are noticed in the laws both of Alfred and Athelstan, 
(Brand's Popular Antiq. ; Brady's Clavis Calendaria.) 

ROGUE AND VAGABOND. [Vacrant.] 

ROLLING, ROLLERS. [Iron Manvractrvre.] 

ROLLING STOCK. [Ramway.] ; 

ROLLS. [Recorps.] . 

ROLLS-COURT, the Court of the Master of the Rolls, is usually held 
in the Rolls Buildings in Chancery Lane; which were originally a 
house or hospital for the reception of Jewish converts. When the 
Jews were banished from England by King Edward L, there was little 
use for an hospital of this kind; whereupon it was assigned to the 
Master of the Rolls, who had thenceforth the denomination of Magister 
Rotulorum, Recordorum, d&c., et Custos Domus Conversorum. One or two 
converts were maintained on a poor pittance in this house in the 16th 


century. 

ROLLS, MASTER OF THE, an officer of the Court of Chancery, 
second only to the chancellor himself. Originally he had, as the name 
—- the custody of the rolls or recorded proceedings of that court, 
and, it seems also, of any other documentary matter belonging to that 
court. But the custody had long been merely nominal, and the actual 
eare of them was vested in certain keepers, under the authority of 
an act of Parliament (1 & 2 Vict. c. 94), by which, however, very 
extensive powers are given to the Master of the Rolls with respect to 
the custody and use of them. This act further commits to him 
the records also of the Common-Law Courts and of the Court of 
Exchequer. 

By what means the Master of the Rolls became divested of the 
peculiar duties indicated by the name, is a point of legal antiquarianism 
which has not been satisfactorily elucidated; nor is it quite clear 
when or how he came to sit to hear causes in equity. The chief 
duties of this officer now are judicial; but from his decrees there is 
an appeal to the chancellor, or lords justices. 

ROMAN ALUM. [Auum. 
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M5 
is to show the leading 


various modifications ; all we shall attem ‘ 
eae Roman architecture, es ly marking its divergence 
from that of the Greeks, referring the reader to the article GRECIAN 
‘Aucurrrorure for a general view of the parent style, and to CoLuMN 
for a particular account of the Orders. ki 

With regard merely to the orders, Roman architecture presents 
chiefly a corruption of the Doric and Ionic, for it may claim the 
Corinthian as entirely its own, the Roman examples of that 
order being not only numerous and varied, but at the same time 
exceedingly different in character from the almost solitary specimen of 
one with foliaged capitals which occurs in a Grecian building. 
[Grecia Ancurrecrurg.}] But even as regards the application of the 
orders, there is a wide difference between the two styles ; in the Roman 
they are frequently employed as mere decoration, the columns being 

or attached to the walls, or in some cases (as that of triumphal 
arches) though the columns are insulated and advanced from the 
structure, they are in a manner detached from it, inasmuch as they do 
not support its general entablature, but merely projecting portions of 
it. Nor are these the only differences, for besides the frequent employ- 
meut of pilasters as substitutes for columns—that is, as constituting 
the order without columns—the practice of super-columniation, or 
raising one order upon another, was by no means uncommon ; a prac- 
tice that was indeed a matter of necessity in such enormous edifices as 
the Colosseum, if columns were to be employed at all. 

From all this it will be evident that, as regards the orders alone, 
there ix a very marked difference between Roman and Grecian archi- 
tecture; yet such difference is by no means the whole. If there were 
no other distinction between them, that arising from the arch, and 
diverse applications of its principles to vaults and domes, would be 
@ very material one ; but we also meet with a variety and complexity 
in Roman buildings of which there are no examples in those of Greece. 

With the exception of the Erechtheium, or triple temple on the 
Acropolis of Athens, Greek temples were merely simple parallelograms, 
differing from each other as to plan only in the number and disposi- 
tion of the columns around the cella (Temrmm]; whereas by the 
adoption of the circular form in their plans, whether for the whole or 
parts of a building, the Romans introduced an important element of 
Perey apes architectural design. To this shape in the pond 
is to ascribed the origin of the tiolus, or concave dome, which 
harmonizes so beautifully with all the rest, and renders the rotunda- 
shape at once the most picturesque and the most complete for 
internal effect,—that in which both unity and variety are thoroughly 
combined. [Rotrcnpa.] The Pantheon alone would suffice to con- 
vince us that the Romans were not mere copyists, and that if the 
Greek orders deteriorated in their hands, they also added much to the 
art and greatly extended its powers by new appliances, As regards 
its exterior, the Pantheon presents what is certainly a strikingly 
picturesque (and what we consider to be also a consistent and appro- 
priate, because a well-motived) combination, namely, that of a 
rectangular mass projecting from a larger circular one. In that 
example the body of the edifice, or rotunda itself, has no columns 
externally ; but circular peristylar temples, or rotundas, whose cella 
was enclosed by an external colonnade, were not uncommon. Of 
this kind is the temple of the Sibyl, or, as it is otherwise called, 
that of Vesta, at Tivoli, an edifice of singular beauty, and highly 
interesting as a yi Hapeod and unique example of the Corinthian 
order. Edifices of this kind were covered with hemispherical domes, 
or with smaller sections of a sphere, which consequently did not show 
themselves much externally, as they were raised only over the cella, 
and therefore the lower part was concealed by the colonnade project- 
ing around it. The dome of the Pantheon is hemispherical within, 
but is of very low proportions and flattened form without, for its 
spring commences at about the level of the first or lower cornice of 

exterior cylinder, and is further reduced by the base of the outer 
— of the dome being expanded and formed into separate cylin- 
ical courses or gradini. 

Polygonal forms of plan were sometimes employed, of which there 
is an instance in what is called the temple of Minerva Medica at Rome, 
which is circular on the exterior, but internally decagonal, with nine 
of ita sides occupied by as many recesses, and the other by the door- 
way—a siauehaihe peculiarity, it being very unusual to enclose a 
i A within a cylindrical structure, although not the contrary, nor 
to erect a cylinder upon a square or poyeccel basement. Octagonal 
plans were by no means uncommon: such form was frequently made 
use of for the saloons of public baths; and there is an instance of an 

temple, Sst Bera to have been dedicated to Jupiter, in one 
of the courts of Di ian’s palace at Spalatro. Of hexagonal struc- 
tures we are acquainted with no example, but a court with six 
sides occurs in the remains of the temple of Baalbec, not however a 
regular hexagon, but of elongated figure, two of the sides being 
110, and the four 88 feet each, In the later periods of 
Roman architecture, circular and polygonal structures became more 
frequent, and those of the first-mentioned kind deviated considerably 
from the simple rotundas and circular temples, An inner 
peristyle of columns was introduced so as to make a spacious circular 
or ring-shaped ambulatory around the centre, which was much loftier 
than the colonnade, being covered by a dome raised upon a cylin- 
drical wall over the columns, What is now called Stefano 


Rotunda, at Rome, supposed by some to have been originally a temple 
dedicated first to Faunus, and afterwards to the emperor Claudius, and 
by others to have been a public market, is a structure ed accord- 
ing to the arrangement just mentioned, with a circular Ionic colonnade 
of twenty columns and two piers. The church of Santa Costanza, 
supposed to have been erected by Constantine as a , and 
afterwards converted by him into a funeral chapel to daughter 
Constantia, is a remarkable example, owing to the columns being not 
only coupled, but unusually disposed, and to there being arches ape 
ing from their entablature, that is, there are twenty-four columns 
(with composite capitals) Puated in pairs, on the radii of the plan, or 
one behind the other, forming twelve inter-columns and as many 
arches ; and as far as the mere arrangement goes, this interior is strik- 
ingly picturesque. 

The circular form was a favourite one with the Romans for their 
sepulchral structures of a more ing 4 
following in this the example of the Etruscans. It will be sufficient: 
here merely to mention those in honour of Augustus and Hadrian, an 
account of which has been given under Mavusoteum. The tomb of 
Cecilia Metella is a low cylinder, the height being only 62 feet, while 
the diameter is 90; and it may be considered as nearly solid, the 
chamber or cella being no more than 19 feet in diameter. This 
cylindrical mass is raised upon a square substructure; which com- 
bination of the two forms is productive of agreeable contrast ; and it 


was agg frequently resorted to. The tomb of Plautius 
vi 


Sylvanus near Tivoli consists also of a short cylindrical superstructure 
on a square basement, but is otherwise of peculiar design, one side 
of that stereobate being carried up so as to form a sort of low screen or 
frontispiece, decorated with six half-columns, and five upright tablets 
with inscriptions, between them. The tomb of Munatius Plancus, at 
Gaeta, is a simple circular structure, of low proportions, the height 
not exceeding the diameter, and therefore ly to be called a tower, 
notwithstanding that it is now popularly called Roland’s or Orlando's 
Tower. Of quite different character and design from any of the 
preceding, is the ancient Roman sepulchral monument at St. Remi, 
which consists of three stages; the a square stereobate raised on 
gradini, and entirely covered on each side with sculptures in relief ; 
the next is also square with an attached fluted Corinthian , and 
an open arch on each side; and the uppermost is a 

rotunda, forming an open or monopteral temple (that is, without any 
cella), the centre of which is occupied by two statues. 


As instances of other combinations, we may refer to what is called 


the Tomb of Virgil, near Naples, consisting of a square su ; 
surmounted bya conical one; to the Roman monument at C: 

in Africa, conjectured to have been a cenotaph in honour of Constan- 
tine, the lower portion of which is a cylindrical structure surrounded 
by a peristyle of twenty-four Doric columns, and carried up as a lofty 
cone, in receding courses or gradini, leaving at its summit a platform 
for an equestrian statue. 

These notices may serve to convey some idea of the variety aimed at 
by the Romans in the distribution of the plans and general masses of 
their edifices, independently of decoration, Their Therme, or public 
baths, a class of structures remarkable for their vast extent and 
magnificence, are most in ing studies of combinations of plan, as 
they were not merely baths, but places of public resort and amuse- 
ment, and consisted of an assemblage of courts, porticos, libraries, and 
spacious saloons and galleries, most of which presented some pecu- 
liarity of form and distribution. [Barus.] If therefore we estimate 
Roman architecture by the manifold resources which it opened to the 
art, rather than by its debasement of what it borrowed from that of 
Greece, we shall find much in it both to admire and to imitate, as 
well as to censure and to avoid. Its Greek rival has nothing that will 
bear a parallel with it in this respect. Judging from its remains, we 
can see little in it that answers to the title of interior architecture ; 
whereas some of the Roman temples were striking on account both of 
the size and the magnificence of their interiors, That of the Pantheon 
has been already referred to; a very different example is the Temple 
of Peace, erected by Vespasian. What was its external design is now 
altogether doubtful, as only the ruins remain, but its interior is very 
remarkable, the plaw being divided in its breadth into three nearl} 
equal portions, the centre one of which formed a spacious nave, i- 
nating in a large semicircular tribune, or apsis, covered by a semi- 
dome. This nave was disposed in three compartments, presenting as” 
many arches of exceedingly wide proportions, opening into as many 
divisions of the lateral portions of the plan, which did not constitute 
continuous aisles along the nave, but small chapels or recesses. Of 
these the centre one on each side terminated, like the nave, in a 
semicircular tribune, of the same dimensions as that apsis, so as to 
form a transept, and give the whole a marked i appearance. 
The side divisions were covered by semicircular vaults, concentric with 
the arches opening into the nave ; and this latter had a vaulted roof, 
in three groins or compartments, the ribs of which sprung from 
Corinthian columns, placed against the piers of the arches. of 
other liarities, we have here an instance of the effect reas 
from the application of the semicircular form to Nee in interiors, 
of further varieties of design arising out of it, for the semidomes of 


the tribunes exhibit a rich specimen of coffering, being composed of 


octagons and squares, 


class than ordinary; 
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ple of Venus and Roma, built by Hadrian in the Roman 
would seem from recent excavations to have been one of the 
| splendid edifices in the city. According to the plan of 
ristie, the temple stood in the centre of a quadrilateral enclo- 
or peribolus, measuring 525 by 318 feet, and was enclosed by 
p @ colonnades of the Corinthian order, consisting altogether of 264 
_ columns. The temple itself was of the same order, upon a con- 
: anes ba and its dimensions about 350 by 166 feet. It 
was pes large in portion to the area within which it 
stood ; when viewed at per cher with the extended files of 


only 

triprostyle) [Portico] advanced into the enclosed area in front. The 
foram of Caracalla was nearly a square, entirely surrounded by arcades, 
arches on each of the longer and eleven on each of 
In the centre was a Corinthian temple very similar 
to the Pantheon, with an hexastyle, triprostyle portico in front, 
columns behind the second from each 

double range of them at each end, and the 
portico was a perfect square equal to three 


incidentally made in regard to these temples 
ly be followed by some additional remarks upon 
of that class. Unlike those of Greece, peripteral 
comparatively rare occurrence among the Romans; 
prostyle, the portico being attached only in con- 
cella, whose walls formed the flanks of the building, 
of the portico was uently continued along them 
or pilasters. Such is the plan of that celebrated 
by the name of the aay enc ee which is a 
peripteral, the being ornamented 

umns, thereby making ten intercolumns on each 
which are open, or belong to the portico, which latter is 
triprostyle. The Corinthian temple at Assisi was similar 
, except that it was not ea a the sides of the cella 
That of Fortuna Virilis at Rome was an Ionic tetrastyle, 
o-peripteral. Besides contributing to variety, 
poseeas a certain variety of effect in themselves, 
of the portico, and the contrast between that part 
© portico announced itself more decidedly as the 
excellence ; particularly as such temples were generally 
a stereobate continued as pedestals to enclose the steps 
them in front, and which sometimes, as in the temple 
, and that of Antoninus and Faustina, projected very con- 
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is rather to direct attention to the modes of composition 
Romans and the elements of their style, than to 
ehief architectural monuments, either historically or 
to their ve classes and destination, we proceed now 
some of the individual peculiarities and features belonging 
to their In the application of sculpture, particularly of 
statues, they were prodigal; but they employed the latter chiefly as 
architectural accessories, frequently placing them over columns, or on 
summits of their edifices as acroteria to pediments, by way of 
variety to the outline of their buildings, and also of indicating 
sight their particular iation—a ice almost unknown 
Greeks, there being only one instance of it. The abundant use 
to the adoption of the niche—a feature unknown in 
architecture—as a convenient mode of inserting them within 
surface of walls, and decorating them; at the same time 
was gained in interiors, w otherwise pone, 

up frequently occur in 

IcHE. 


various applications of curvilinear forms, both in plan and 
undoubtedly furnished Roman architecture with resources 
to that of Greece, Nor can it be denied that the arch itself 
beautiful feature, although it was employed by the Romans 
rather to occasion monotony than to contribute to 
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consisting only of continuous -tiers of arches, which-constituted their 

more strongly marked features, the columns placed against their tiers - 
being merely ornamental accessories, and comparatively of little effect, 

and even that not of the very best kind. There was one class of 

structures however, which, though consisting uniformly of arches and 

piers alone, were eminently impressive and picturesque, namely, the 

Roman aqueducts, works of extraordinary grandeur, if estimated by 

their prodigious extent, and the colossal massiveness of their con- 

struction, but not otherwise entitled to be termed magnificent, their. 
architecture being in the plainest and severest style. In these there 

Were sometimes two or even more tiers of arches, at others only a 

single one, as in that at Metz on the Moselle, which has exceedingly 

lofty arches, or, to speak more correctly, arches on exceedingly lofty 

piers, divided by offsets into three stages, the effect of which is no less 

advantageous than it is uncommon. 

Another practice was eventually adopted, by means of which the 
arch and column became amalgamated as integral parts of the same 
ordinance, namely, that of supporting arches upon columns, making 
them spring either directly from their capitals or from an entablature- 
shaped block over them. This practice is commonly condemned as 
barbarous, but-in our opinion somewhat too hastily, and with more of 
prejudice than of fair examination. That it was introduced during 
the decline of the art, and that it was an innovation subversive of 
former principles, is not to be denied. Yet if it must be reprobated, 
it ought to be > for its own demerits, not as an innovation : for all 
invention is such. It appears a very poor argument against it, to sa; 
that columns were originally designed to einer horizontal arate 
traves: we do not see how that circumstance, of necessity, renders 
every other application inadmissible. Where columns are employed to 
pe erik it certainly cannot be alleged that they are idle unmeaning 
expletives; nor that they are mutilated by being apparently partly 
embedded in the wall behind them. One very great advantage 
attending the combination of the arch with the column as its support, 
is that it allows the openings to be considerably wider than they other- 
wise could be, because such intervals as would produce a poor and 
straggling effect in a colonnade, become well proportioned and agreeable 
when spanned by arches. 

Of the two Grecian orders, the Roman specimens usually referred to, 
namely, the Doric of the theatre of Marcellus, and the Ionic of that 
building and the temple of Fortuna Virilis, are exceedingly poor and 
meagre, spiritless and tasteless ; while the Ionic of the temple of Con- 
cord may be pronounced detestable. In this last example the volutes 
of the capitals are turned diagonally, a mode afterwards adopted by 
Scamozzi for that order, and also practised in what is called the Com- 
posite. Even when comparatively pleasing in its contours, the Roman 
Tonic capital is poor and devoid of expression, in consequence of the 
smallness of the volutes, which is such that they almost cease to be 
characteristic features of the order. To this defect may be added the 
meagreness arising from the few revolutions made by the spirals, and 
the omission of intermediate ones; and also the harshness occasioned 
by the great projection of the ovalo, the narrowness of the face of the 
capital above it, and by that part forming a,straight line, instead of the 
gracefully-flowing festoon-hem which unites the volutes together in all 
the Athenian specimens of the order. Numerous studies of both 
voluted and foliaged capitals may be seen in Piranesi’s ‘ Magnificenza 
de’ Romani;' and the variety of composition displayed in the latter 
very greatly exceeds what would be imagined by those who are 
acquainted only with whatare referred to as standard examples of that 
order, This last may in fact be emphatically denominated the Roman 
order, although such distinctive title is usually applied to what is other- 
wise called the Composite, but which is only a variety of the foliage- 
capitalled class, = by no means the most striking as such, there 
being instances of compound capitals, in which griffins, eagles, human 
figures, or masks, are introduced above the foliage; consequently, if 
the voluted variety is to be received as a separate order, each of the 
others is quite as much entitled to the same distinction. How far 
the ordinary Corinthian capital differs from that in which the small 
volutes, or caulicoli,at the angles of the abacus are developed, and en- 
larged to the size of those of the Roman Ionic capital, may at once be seen 
by referring to CoLumn, col. 33, where a half of each example is placed 
in juxtaposition ; and at col. 45 will be found a similar comparison 
between the capitals of the Tivoli Corinthian and that of the monument 
of Lysicrates. The contrast presented by the two last is striking 
enough, there being no similarity of character, but merely such degree 
of resemblance as serves to make the differences the more obvious, 
And if that Tivoli example be compared with the one shown in the 
other cut, and which may be received as an average sample of the 
order, it will be tolerably evident, even from such comparison alone, 
that the foliaged capital was treated by the Romans in a variety of 
modes and in a free artistical spirit. Neither are such distinctions 
confined to the capitals alone, for different examples present equal 
diversity in their entablatures and cornices. That of the Tivoli 
temple is remarkable throughout ; and bas such a peculiar character 
stamped upon it, that it almost deserves to be considered a separate 
order—certainly much more so than the Composite. Among other 
examples, that of the three columns of the temple of Jupiter Stator 
is the richest and most elegant in its capital, and is beautifully com- 


y of design; the amphitheatres and similar works of the Romans 
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posed throughout, The Romans in fact bestowed as great diversity 
L 


ROMAN CATHOLICS. 


upon this order, as the Grecks had done 
their Doric Tonic. 
ie iis oy pee Roman buildings adapted to particular 
the reader is referred to the articles Anca, TrrumMriaL; 
yurrmeaTne; Aqvepvct; Basmica; Batns; Forum; Mavso- 
w; Texete; Toeatre, &e. 

ROMAN CATHOLICS, [Carmocic Cavren; Reovsants.) 
ROMAN CATHOLICS AND JEWS. By the act 9 & 10 Vict., 
cap. 59, passed A 18, 1846, intituled “An Act to relieve her 
Majesty's re es certain ties and liabilities in regard to 

vee us opi ;” all the previous Acts and parts of Acts impos 
disabilities on the professors of the Roman Catholic or Jewish religions 
were repealed, of which Fi agers as far as Roman Catholics were 
concerned, had been indirectly removed by the Roman Catholic Relief 
Act. On August 1, 1851, however, was ad an Act 14 & 15 Vict., 
cap. 60,“ To prevent the ary ote of certain Ecclesiastical Titles in 
respect of places in the United Kingdom,” by which a ty of 1001. 
was imposed on any one assuming the title of archbi Op, bishop, or 
dean of any province, , or district in the United Kingdom ; and 
which declared any such creation by the see of Rome to be illegal and 
yoid. It also made illegal and void, punishable with the like em of 
penalty, the publication of any bull, brief, rescript, letters apostolical, 
or any other instrument or writing constituting such province or dis- 


* trict, whether such district be or be not the see or diocese, or deanery, 


of the established church. On July 23, 1858, likewise was passed the 
21 & 22 Vict., cap. 19, intituled “An Act to provide for the relief of 
her Majesty's subjects professing the Jewish religion,” by which Jews 
on taking the oath before sitting in parliament, may be relieved; 
a resolution of the h , from making the declaration, “I make 
declaration on the true faith of a Christian ;” and these words are 

to be omitted in every other oath, except on making tation to 
an ecclesiastical benefice. Jews are also declared incapable of holding 
the office of lord-lieutenant of Ireland, lord chancellor of Great Britain 
or Ireland, or high commissioner of the general assembly of the church 
of Scotland. The right of presentations to ecclesiastical benefices, 
vested in Jews, is devolved in the archbishop of Canterbury, nor are 
Jews to advise in the disposal of such matters; a contravention of 
these ons to be deemed a misdemeanour, and a conviction 
entails a disability of serving the crown in any office, civil or military, 
whatever. 


ROMAN LAW. The historical origin of the Roman law is unknown, 
and its fundamental principles, some of which even survived the 
legislation of Justinian, are older than the oldest records of Italian 
history. The foundation of the strict rules of the Roman law as to 
familia, agnatio, , testaments, succession to intestates, and 
ownership, was no doubt custom, which, being recognised by the 

power, became law. As in many other states of antiquity, 
the connection of the civil with the ecclesiastical or sacred law was 
most intimate; or rather, we may consider the law of igion as 
originally comprehending all other law, and its interpretation as belong- 
ing to and the king poeryreg & There was, however, 
jslation even in the period of the kings. These laws, which 
are mentioned under the name of Leges Regiw, were proposed by the 
king, with the approbation of the senate, and confirmed by the 
— in the Comitia Curiata, and, after the constitution of Servius 
as, in the Comitia Centuriata. That there were remains of this 
ancient legislation existing even in the Imperial period, is certain, as 
from the notice of the Jus Civile Pa: um or Papisianum, 
which the Pontifex Maximus Papirius is said to have compiled from 
these sources, about or immediately after the expulsion of Tarquinius 
Superbus (‘ Dig.,’ i., tit. 2), and from the distinct references to these 
Leges made by late writers. Still there is great uncertainty as to the 
exact date of the compilation of Papirius, and its real character. Even 
his name is not quite certain, as he is variously called Caius, Sextus, 
and Publius. (Dion. Hal., iii. 36 ; ‘ Dig,,’i., tit. 2.) 


But the earliest legislation of which we have any important remains 
is the pes wpe of the code called the Twelve Tables. The original 
bronze tables indeed are said to have perished in the conflagration of 


to 
the city after its capture by the Gauls, but they were satisfactoril 
restored from and from memory, for Sh sient writer whe 
cites them ever expresses a doubt as to the genuineness of their con- 
tents. It is the tradition that a commission was sent to Athens and 
, for the purpose of e ing into and collect- 
ing what was most ul in their codes ; and it is eaid that Her- 


bable in this story, 
et it is undeniable that the laws of the les were based on 
and not on Greek or Athenian law, Their object was to con- 
ne ace rather than to or alter the Roman law; 
bable that the laws of Solon and those of other Greek 
any effect on the legislation of the Decemyviri, 
as models of form than as sources of positive rules. 

tables were completed and made public by the Decemyiri, in 
1, and in the or peg bys two other tables were added. This 


compilation is quoted Lex 
IL, sometimes XII. simply (Cic., Lege. ii, 

tained in th 
ables long continued to be the foundation of Roman law, and they 


aT 
reat 
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(Jus Pontificium), and its interpretation and the know: th : 
forms of procedure were still the suslneins reget of the patricians, 
The scanty fragments of the Twelve les hardly enable us to 
form a judgment of their character or a proper estimate of the com-— 
mendation bestowed on them by Cicero (‘De Or., i. 43). Itseemsto 
have been the object of the compilers to make a complete set of rules 
both as to religious and civil matters; and they did not confine them 
selves to what the Romans called private law, but they comprised 
public law. (‘Fons publici privatique juris,’ Liy., iii, 34.) 
contained provisions as to testaments, successions to intestates, 
care of persons of unsound mind, theft, homicide, interments, ke. 

They also comprised enactments which affected a man’s epee 


(Dig 50 rae 16. 8 uy) d thus th preserved. 
(‘ Dig.,’ 50, tit. 16, s. 144), and thus they were served, = 
The fragments of these laws have been often co! Sted, batt the Best ; 
essay upon them is by Dirksen, ‘ Versuchen zur Kritik und Auslegung 
der Quellen des Rémischen Rechts,’ Leipzig, 1823. The nts of — 
the Twelve Tables also have been often collected. The best work on 
the subject is that by James Godefroy (Jac. Gothofredus), which, with 
the more recent work of Dirksen, ‘ Uebersicht der nro Versuche 
lf-Tafel-Fragmente,’ 


zur Kritik und Herstellung des Textes der Zwi mente od 
Leipzig, 1824, seems to have exhausted the subject. oe ig 
‘or about one hundred years after the legislation of the Decemyiri, __ 
the patricians retained their exclusive possession of the forms of pro- __ 
cedure. Aepiee Claudius Cacus drew up a book of the forms of 
actions, which it is said that his clerk, Cnmus Flavius, stole and pub- 


4 

. 7 soe . 5 
— by Flavius was called Jus Civile Flavianum; but» like 5 ; 

apirius it was only a compilation. The publication of these forms 
must have had a great effect on the practice of the law: it was in 
reality equivalent to an -extension of the privileges of the 
Subsequently Sextus A®lius published another work, called ‘Jus 
lianum,’ which was more complete than that of Flavius. This work, 
which was extant in the time of Pomponius (‘ Dig.,’i., tit.2,8, 2,§39), 
was also called ‘ Tripertita,’ from the circumstance of its containing 
the laws of the Twelve Tables, a commentary upon them (interpretatio), 
and the Legis Actiones. This work of A®lius appears to have been 
considered in later times as one of the chief sources of the civil law — 
(veluti cunabula juris); and he received from his contemporary Ennius 
the name of “ wise” :— \ 


** Egregie Cordatus homo Caius Aélius Sextus.” 


Comitia Centuriata and in the Comitia Tributa. The Leges f 
which were enacted by the curise, were limited to cases of adrogation 
and the conferring of the imperium. The Comitia Centuriata were 


made independent of the senate by the Lex Publilia (Liv., viii. 12), 
which d that the 1 passed in these nitia should not — 
require the confirmation of the senate. The leges passed in the 


Comitia Tributa were properly called Leges Tribute or Plebiscita, and 
originally they were merely proposals for a law which were laid before 
the senate and confirmed by the curie. But the Lex Publilia (Bc. 
336), and subsequently the Lex Hortensia (B.c. 286), gave to the 
Plebiscita the full force of legos without the consent of the senate — 
(Liv., viii, 12; Gaius, i. 8; Gell, xv. 27); and a phen Mies 

accordingly sometimes called a lex. The leges generally to n¢ 

name from the gentile name of the rate who proposed them 


vit), or, if hi consuls, as 
epi Elia Sentia, Papin or Pople Poppa: “ts the proponet ie 
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8 a dictator, praetor, or tribune, the Lex, or Plebiscitum, as 
se might be, took its name from the proposer only, as Lex 
Sometimes the object of the lex was indicated by a 
e term, as Lex Cincia de donis et muneribus. 

Senatus Consulta also formed a source of law under the 


That a senatus consultum in the time of Gaius (i. 4) should 


> 


have the force of law (vicem legis optinet) may be easily admitted ; 
but Gaius in this passage appears to be referring not only to such 
‘senatus consulta as had been passed under the empire, but to the 
Senatus consulta generally as a source of law. It appears that the 
‘senate gradually came to be considered as the representative of the 
_ euris, and that its consulta, in many matters relating to adminis- 
tration, the care of religion, the wrarium, and the administration of 


had the full effect of laws. It does not seem as if the 

a very clear notion of the way in which the 
exercise the power of legislation ;' but they imagined 
ity with the increasing population of the state 
business. The senate thus became an active 
as an easy consequence, that which it 
this new source of law was 
(‘ Dig.,’ i, tit. 2.) It seems probable 
xercise the power of making senatus con- 
the Hortensia Lex, though it is not pretended 
or any other Lex, gave this power to the 
No senatus consulta are recorded as designated by the names 
of magistrates till the time of Augustus, a circumstance which seems 
to show that, whatever binding authority senatus consulta might have 


eges, 

by the Edicta of those magistrates 
who had the Jus Edicendi, but mainly by the praxtors, the pretor 
urbanus and the pretor eo “The edicts of the pretor urbanus 
were the most important. e body of law which was formed by the 
Edicta is accordingly sometimes called Jus Pretorium, which term 
however might be limited to the Edicta of the pretors, as opposed to 
those of the curule wdiles, the tribunes, censors, and pontifices. The 
name Jus Honorarium, as to Jus Civile, comprehends the 
whole body of edictal law ; the name Honorarium was given to it, 
because the Jus Edicendi was exercised only by those 
magistrates who had the Honores. Jus Civile, in its sense 


comprehended all the law of any given nation; but the Jus Civile 
Romanorum, as opposed to the Honorarium, consisted of , Ple- 


oagecny be which, under the empire, were added the 
and the Auctoritas Prudentium. The Honorarium 
Jua was introduced for the purpose of supplying, and correcting 
the defects of the Jus Civile Romanorum in its limited sense, (‘ Dig.,’ 
ii, tit. i, «. 7.) 
The historical 


g% 
& 
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of the 


pou gly dogo fd the law, as already observed, cannot be 
, it thus appears that it had assumed a systematic form in the 
time of Cicero, 

An Edictum was a rule promulgated by a magistratus when he 
entered on his office, It was committed to writing and put up in a 
pe! place. Its object was to declare by what rules the pretor would 

governed in the administration of justice during the year of his 
office; and hence the Edictum was sometimes called Perpetuum or 
Annua Lex. An Edictum um applied only to the particular 
_ oceasion on which it was made. All offices being annual, the rules of 

one magistratus were not on his successor, but his successor 
- tight adopt them into his own and such adopted Edictum 
then became an Edictum Tralatitium. In this way numerous Edicta 
were adopted by one from the Edicta of his lecessors, 
_ and thus gradually a body of rules was formed and established, which 
experience had proved to be useful. Those Edicta which were of great 
importance are often referred to under the name of the magistratus 
who promulgated them, as the Edictum Carbonianum and others. 

The general character of the Edict has been already stated. It is 
in other words as “viva vox juris civilis,” as a mode by 
_ which the rigid rules of the civil law were altered and extended to 
suit the altered circumstances of the times. The changes introduced 
(Tig nnysed Dent dag piles tye hard y=. Aa 
to been very unimportant. It was not consistent with Roman 
notions to alter or change fundamental principles, and most of the 


legislation of the republican period had reference to the disputes 
between the two estates of the patricians and plebeians, and to other 
parts of the Jus Publicum. Accordingly it was left to the magistratus 
gradually to introduce the necessary changes into the Jus Privatum ; 
but the process of doing this was in strict conformity to the principles 
of the old law. The Edict did not affect to make new law, but. to 
adopt as law what custom had sanctioned, provided it was not against 
the Jus Civile; to give an action when a bond fide right existed, if the 
old law gave none; to protect a man in bond fide possession of pro- 
perty, without affecting to give him ownership, which the law alone 
could give him by virtue of usucapion ; to aid parties by fictions, which 
however were always of such a kind that the thing which the fiction 
supposed, was that which would have given a strictly legal right, A 
great part of the efficacy of the Edict consisted in extending the 
remedies by action; and after the abolition of the Legis Actiones (with 
the exception of the Actio Damni Infecti, and of matters which be- 
longed to the cognisance of the Centumviri) by the Lex Abutia and 
two Leges Juliw, the mode of proceeding in actions was settled by the 
formule of the Edicta. Stil] even here it seems probable that the 
as followed the analogy of the Legis Actiones and framed their 
ormuls accordingly. The Actiones given by the Edict were named 
after their author, as Publiciana, &: The commentators on the Edicts 
were numerous under the early emperors. Labeo wrote at least four 
books on the Edictum of the Pretor Urbanus. Ccelius Sabinus com- 
mented on the Edict of the Curule A&diles. In the time of Hadrian, 
Salvius Julianus, who had himself been praetor, compiled a work on 
the Edict, which was called Edictum Perpetuum. Nothing is known 
of the detail of this work, but it appears probable that it was designed 
to be a systematic exhibition of the whole body of edictal Jaw, and as 
such it must have had considerable influence on the subsequent con- 
dition of jurisprudence. At what time the Edicta ceased to be made 
by the magistratus is a disputed point. The edictal power certainly 
existed under the empire, and even after the compilation of the 
Edictum Perpetuum of Julianus, but it must have been comparatively 
little exercised, as the practice of making new laws by Senatus Consulta 
prevailed under the Cesars after the time of Augustus, and the Im- 
ce Constitutions are mentioned as one of the recognised sources of 

w in the time of the Antonines. (Gaius, i. 5.) 

With the establishment of the Imperial Constitution begins a new 
epoch in the Roman law, The leges of Augustus and those of his 
predecessor had some influence on the Jus Privatum, though they did 
not affect the fundamental principles of the Roman law. A Lex Julia 
came into operation, 8.0, 13, but it is better known as the Lex Julia et 
Papia Poppa, owing to the circumstance of another lex of the same 
import, but less severe in its provisions, being passed as a kind of 
supplement to it in the consulship of M. Papius Mutilus and Q: Pop- 
peus Secundus, a.p.9, This law had for its object the encouragement 
of iage, but it contained a great variety of provisions: it is not 
known whether it was passed at the Comitia Centuriata or Tributa, 
A Lex Julia de Adulteriis, which also contained a chapter on the dos, 
is of uncertain date, but was seen 4 passed before the former Lex 
Julia came into operation. Several Leges Julim Judiciariw are also 
mentioned, which related both to Judicia Publica and Privata, and 
some of which may probably belong to the time of the dictator 


The development of the Roman law in the Imperial period was little 
affected by direct legislation. New laws were made by Senatus Con- 
sulta, subsequently by the Constitutiones Principum; but that 
which gives to this period its striking characteristic is the effect pro- 
duced by the Responsa and the writings of the Roman jurists. 

So long as the law of Py or the Jus Pontificium was blended 
with the Jus Civile, and the knowledge of both was confined to the 
patricians, jurisprudence was not a profession, But with the gradual 
separation of the Jus Civile and Pontificium, which was partly owing 
to the political by which the estate of the plebeians was put 
on a level with that of the patricians, there arose a class of persons who 
are designated as Jurisperiti, Jurisconsulti, Prudentes, and by other 
equivalent names. Of these jurisconsulti the earliest on record is 
Tiberius Coruncanius, a plebeian pontifex maximus, and consul 8,0, 
281: he is said to have been the first who professed to expound the 
law to any person who wanted his assistance (publice profiteri); he 
left no writings, but many of his Responsa were recorded. ‘Tiberius 
Coruncanius had a long series of successors who cultivated the law, 
and whose responsa and writings were acknowledged and received as a 
part of the Jus Civile. The opinions of the jurisconsulti, whether 
given upon questions referred to them at their own houses, or with | 
reference to matters in litigation, were accepted as the safest rule by 
which a judex or an arbiter could be guided. Accordingly, the mode 
of proceeding, as it is described by Pomponius, is ectly simple ; 
the judices in difficult cases took the opinion of the jurisconsulti, who 
gave it either orally or in writing. Augustus, it is said, gave the 
responsa of the jurists a different character. Before his time, their 
responsa, as such, could have no binding force, and they only indirectly 
obtained the character of law by being adopted by those who were 
empowered to pronounce a sentence. Augustus gre to certain jurists 
the respondendi jus, and declared that they should give their responsa 
“ ex ejus auctoritate.” In the time of Gaius (i., 7) the Responsa Pru- 
dentium had become a recognised source of law; but he observes that 
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the responsa of those only were to be so considered who had received 
as law; if they disagreed, 


— under the empire were empowered to declare the law, It is 


how the opinions of the majority could be ascertained on any given 
occasion, 

The commencement of a more systematic exposition of law under 
the empire is indicated by the fact of the existence of two distinct 
sects or schools (scholm) of jurists, These schools originated under 
Augustus, and the heads of each were respectively two san, ree” 
jurists, Antisteus Labeo and Ateius Capito. But the took 
their names from other jurists. The followers of Capito’s school, called 
Sabiniani, derived their name from Massurius Sabinus, a pupil of 
Capito, who lived under Tiberius and as late as the time of Nero: 
sometimes they were called Cassiani, from C. Cassius Longinus, 
another distinguished pupil of Capito, The other school was called 
Proculiani, from Proculus, a follower of Labeo. If we may take the 
authority of Pomponius, the characteristic difference of the two schools 
was this: Capito adhered to what was transmitted,—that is, he looked 
out for positive rules sanctioned by time; Labeo had more learning 
and a greater variety of knowledge, and accordingly he was ready to 
make innovations, for he had more confidence in himself; in other 
words, he was a phi ical more than an historical jurist. Gaius, 
who was himself a inian, often refers to discrepancy of opinion 
between the two schools; but it is not easy to collect from the 
instances which he mentions what ought to be considered as their 
characteristic differences. 

The jurisprudentes were not only authorised expounders of law, but 

were most voluminous writers. Massurius Sabinus wrote three 
Juris Civilis, which formed the model of subsequent writers. 
The commentators on the Edict were also very numerous, and among 
them are the names of Pomponius, Gaius, Ulpian, and Paulus. Gaius 
wrote an elementary work, w furnished the model of the Institutes 
of Justinian, Commentaries were also written on various , and 
on the Senatus Consulta of the Imperial period; and ly, the 
writings of the earlier jurists themselves were commented on by their 
successors. The long series of writers to whom the name of classical 
jurists has been given, ends, about the time of Alexander Severus, with 
Modestinus, who was a pupil of Ulpian. Some idea may be formed of 
the vast mass of their writings from the titles of their works as pre- 
served in the ‘ Digest, and from the ‘Index Florentinus ;’ but with 
the exception of the fragments which were selected by the compilers 
of that work, this great mass of juristical literature is nearly lost. 
[Justixiay, in Bios, erg 

Among the sources of law in the Imperial period are the Imperial 
Constitutiones. A Constitutio Principis is defined by Gaius (i. 5) to 
be “ that which the imperator has constituted by Decretum, Edictum, 
or Epistola; nor has it ever been doubted that such constitutio has 
the force of law.” As the emperor ultimately all the sove- 
reign power, he became the sole source of law. Under Augustus some 
Leges were passed, as already observed; and under his successors 
there were numerous Senatus Consulta. In the time of the Antonines 
there were both Senatus Consulta and Imperial constitutions, and the 
latter are referred to by Gaius as being of equally binding force with 
Senatus Consulta. the time of Gaius, Constitutiones became 


ogy to the Edicta of the magi , 
eral term which com- 


, being decisions in 
have ee force of leges; Rcrype. 2 when the Ls aeneggen made ina 
particular case was capable of a general application, it uall 

with the fre of risprud ee, ae 
vit e decline o man ju lence the iod of 
compilations, or codes, as they were termed. The earliest aes the 
Codex Gregorianus and Hermogenianus, which are only known from 
ta, The Codex Gragorieans, oo fur ba WOMAGEA, began with 
constitutions of Sept. Severus, and ended with those of Diocletian and 
Maximian. The Codex H ianus, so far as it is known, contained 
constitutions also of Diocletian and Maximian, and perhaps some of a 
later date. Though these codes were mere private collections, they 
came to be considered as authority, and the codes of 

eodosius and ese wie formed on their model. 
The code of ius was compiled under the authority of 
Theodosius IL, emperor of the East, It was promulgated as law in 


tle 


the Eastern Empire, a.p. 438; and in the same year it was 
as law in the Western Empire by Valentinian III. and the Roman 
senate. This code consists of sixteen books, the 


greater 
as well as of the Novell, cubeet ae ee by IL, 
are extant in their original form. 


clear from a comparison of them 
code were greatly aided by that of his imperial predecessor, ‘ 
valuable edition of the Theodosian Code, by J. Gothofredus (6 vols. 
fol., Lugd., 1665), re-edited by Ritter, Leipzig, 1736-1745, contains the 
first five books and the beginning of the sixth, only as they 
mised in the Breviarium ; and this is also the case with the edition of — 
the ‘ Jus Civile Antejustinianeum,’ published at Berlin in 1815. But 
recent discoveries have greatly contributed to improve the first five. 
books. The most recent edition of the ‘Jus Civile Antejustinianeum’ 
is that of Bonn, 1835 and 1837. . 

The legislation of Justinian is treated of under Justry1an’s Lxcis~ 
LATION, , 

There are numerous works on the history of the Roman law, but it" 
will be sufficient to mention a few of the more recent, as they con 


references to all the earlier works: Lehrbuch der Geschichte des Rémi hen 


Rémischen Privatrechts, by Zimmern ; Geschichte des Rimischen Rechts, 
by F. Walter, 1840; and for the later history 
Geschichte des Rimischen 


in verse or prose, in any language, w 
uncommon incidents, and the name has been retained to this day in 
several European to signify a fictitious narrative. e 
Italians and French a novel “un romanzo,” “un roman.” But the 
French call an historical ballad “ une romance,” in the feminine gender, 
The distinction between romance and the modern novel is shown 


under Novet. The appellation romance in a narrower sense is applied 


ap, 
to those compositions which refer to the ages of chivalry, either real 
or supposed. Toarvaxsy.] 

& The oldest romances in this latter sense pear to have been 
legendary stories concerning Arthur and the Ruights of the Round 

Table, and they were of English origin; but the original narratives, if - 
they ever existed in writing, which is doubtful, are lost. ‘The earliest 
romantic legends which have come down to us are of the 12th century ; 
Geoffrey of Monmouth’s Latin Chronicle of England; Turpin’s Latin 

Chronicle of France ; Wace's ‘ Le Brut,’ a metrical romance concerning 

the fabulous history of England, in Norman French; ‘ Le Roman du 

Rou,’ by the same writer, concerning Rollo and his successors; and 
‘I Reali di Francia,’ in Italian prose. To these may be added the 

Latin romance of Gualtieri, found in the Chronicle of La Novalesa, 

which relates to the wars of Attila; next in order of date comes Guido 

della Colonna’s ‘ War of Troy,’ and Mathew Paris’s account of the 

Round Table. The ‘Roman de la Rose’ was written under St. Louis 

of France. At that time chivalry was established over all Europe, and 

the writers of romance introduced the customs and manners of 

chivalry into their narratives of events, real or supposed, long ante- 

cedent to the existence of chivalry, . 

The vast subject of romantic literature, in its general and more 
extended sense, may be divided into the following branches :—l, 
Romantic ballads and traditional songs, which appear, to be the oldest 
form, ees rte existed amo) ery —— in their primitive 
state. e songs of the ancient , and those concerning ini 
which are mentioned by Tacitus (‘ Annal.’ ii. 88, and ‘German,’, 2); 
the German Niebelungen; the poems of Antar, and others before the 
wra of Mohammed; the song of Roland, mentioned by the ers: 
of Charlemagne; and the old Spanish romantic ballads, all belong to 
this class. M. de Tressan collected several fragments among the 
mountaineers of the Pyrenees, which seem to belong to Roland's 
‘Cantilena,’ or war song. 2, The narrative romances of chivalry con- 
cerning the deeds of Arthur and the peers of the Round Table, 3, 
The romances concerning the supposed wars of Charlemagne against 
the Saracens. 4, The Spanish and P ese romances concerning 
the fabulous exploits of Amadisand Palmerin. 5, The classic romances 


concerning Jason, Hercules, Alexander, those heroes having been 


transformed into knights of chivalry. 6, The romances of the 
Italians in the 15th and 16th centuries. [Puxct, in Broa. Drv.] 7, 
The spiritual or religious romances concerning the miracles of saints 
and the death of mates, oar * Contes dévots’ of the French, 
the ‘Golden Legend,’ &c. 8, The pastoral romance, which Cervantes 
ridiculed, and which afterwards gave rise in the 17th century to the 
interminable and dullromances of La Calprenéde, Madame de fe 
and others, in which perfection of beauty and pure spiritual love are 


to 
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ROMANCE LANGUAGE Clasgne Romane’ or ‘Romande,’ in 
French) is the name given to a kind of bastard Latin, which came into 
common use in Western Europe after the fall of the Roman Empire, 
among the tions formerly subject to Rome, while the Northern 
conquerors, the Goths, Franks, B i Langobards, &c., spoke 
their own language or dialects, which are called by chroniclers of the 
times “ lingua Teutonica,” or “* Teutisca.” The conquered people were 
by the name of Romans, from whence came the name of 
the language, which was also called “vulgaris.” In course of time 
however the conquerors adopted the of the conquered, who 
‘being more instructed, furnished most of the priests and scholars of 
the age. But the language thus adopted by both the conquering and 
the conquered races, although essentially formed of Latin elements, 
differed according to the various localities and the greater or lesser 
degree of admixture of the northern people with the Roman popula- 
tion. For instance, king Dagobert in the 7th century published a 
statute, styled, “ Lex Alamannorum,” for the use of the German tribes 
__ who had crossed the Rhine, the language of which differs from that of 
the “ Lex Ripuariorum,” which the same king published for the use of 
the situated between the Lower Rhine and the Mosa, who were 
mostly of old Roman extraction. The former employs the i/le as an 
article before substantives, in imitation of the ‘articles sa and der used 
F 4 the Goths and Franks in their own language; but the Lex 
employ purpose. 
charters of Italy and Spain of the 8th and 9th centuries, we find ile 
and ipse employed bliclod a0 articles, ipsa ecclesia, illa alia, illas casas, 
_ illa strada, illo rio, &c. ; but these charters are not so old by a century 
Latin documents, in which those pronouns are 
for a oe The oldest documents in ‘ A 
‘Espafia Sagrada’ in whi ¢ ille appears as an article is a.p. 775; 
those of Italy quoted by Muratori are of the years 


the various dialects thus formed, that of the south of France, 
called afterwards Langue d'Oc, became a refined language sooner than 
, and retained its superiority from the 10th to the 13th 
when the Italian, Portuguese, and Spanish lan; assumed 
grammatical and literary form, which the ve retained ; 
romance of the south of France has pecd Tienes fallen into 
iven way to = Northern ees probe 
appears to have originally diff ittle from the 

it gradually ring sa its terminations, and assumed 
peculiarities of form, which have been retained by the modern 


E 
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French. It is demonstrated by Raynouard that the inhabitants of 
Northern France in the 9th century spoke the same language as those 
of the south. The text of the oath taken at Strasburg in the year 
cone Sele, called the Germanic, before the French people, would 
alone be a sufficient proof of this. The text of this curious document 
is as follows :—* Pro Deo amur et pro Christian poplo, et nostro 


commun salvament, dist di en avant, in quant Deus savir et podir me 
dunat, si salvara jeo cist meon fradre Karlo, et in adjudha, et in 
pO Eo gt peer anol wrk ghd hw il 


uam prindrai, qui meon 
vol cist meon fradre Karle in damno sit.” (Roquefort, ‘ Glossaire de 
Is Langue Romane,’ Paris, 1808, Introduction.) 

The gradual process by which the corrupt Latin spoken in the 
provinces of Western Southern Europe in the 6th, 7th and 8th 
centuries was transformed into the Romance lan of the 9th and 
10th centuries, is very clearly exhibited by Raynouard, in his ‘ Elémens 
de la ‘sep row de la Langue ea xen avant I'an agen The rae 
cases become neglected or confused, and to supply their place the 

tions de served to denote the genitive and ad the dative. The 
next step was to cut off the final le of the noun, and so to make 
it ble. Thus the accusative abbatem became abbat; majes- 
tatem, majestat; ardentem, ardent; amantem, amant; and so forth. 
‘The accusatives in ionem were reduced to ion, religionem, religion, &c. 
When the suppression of the Latin termination left two harsh-sounding 
consonants at the end of the word, a euphonic vowel was added, 
“ arbitr-um,” “ ar-bitr-e.” The pronouns idle and ipse had been used in 
the Latin as auxiliary to substantives: “Dono illas vineas 
—— le rivulus currit ;" “Tila medietate de ipsa porcione,” &e. 
ie so used originated the romance articles el, lo, /a, and from 

the demonstrative mouns, i, #0 or su, and sa, which the 
dialect has ined to this day as an article. These articles 

were declined with the prepositions de and a. “Ego Hugo della 
Roca;” “ Fossatum de la vite;” “ Villam nostram que vocatur al la 
aria,” &e. and other examples taken from documents of 
_ the 9th century show the introduction of articles even in the written 
language which affected to preserve in some degree the Latin form ; 


the change must have been more rapid and complete in the spoken or 
popular idiom. Other changes took place in the pronouns and the 
verbs, for which we refer to Raynouard’s ‘Elémens.’ The use of the 
auxiliary verb aver, “ habere,” already existed in the Latin, in a certain 
form: “De Cesare satis hoe tempore dictum habebo” (Cicero, 
‘Philip. V.’ 28); “Si habes jam statutum quod tibi agendum putes ” 
(‘ Epist. ad Famil.’, iv. 2). The Latin also used the auxiliary “ esse” 
in some tenses of the passive. The Romance language only made the 
use of these auxiliaries more general. 

After 4.p. 1000 the Romance language may be considered as having 
become duly formed, and the age of the Troubadours began. William, 
count of Poictiers, is one of the earliest whose works have been pre- 
served. In the 12th century the institution of the Courts of Love was 
established. That century was the brilliant age of Romance poetry, 
and in the same Wace wrote in North or Norman French his ‘ Roman 
du Rou.’ In the 13th century the war and massacre of the Albigenses, 
and the establishment of the Inquisition, frightened away many of the 
adepts of “la gaya ciencia ;” and afterwards several other events, such 
as the ion of the h of Anjou or Provence to the throne of 
Naples, and the encroachments of the Northern French, contributed to 
the decline of the troubadour poetry, and at the same time of the 
Romance language. The Italian or Tuscan rose upon its decay. 
When Dante appeared, the decline had already begun, and it was com- 
pleted during the first part of the 14th century. (Raynouard, ‘ Choix 
de Poesies Originales des Troubadours ;’ Professor Diez, ‘ Leber! und 
Werke der Troubadours,’ Zwickau, 1829.) In the 15th century king 
René made some attempts at reviving the poetry of the Langue d’Oc, 
but the race of the Troubadours was now extinct, and the only result 
of his endeavours was the collecting and compiling the lives of the old 
Troubadours by the monk of the isles of Hyeres, “ Le Monge des Isles 
d'Or.” In Eastern Spain also the Inquisition destroyed many manu- 
scripts in the Limosin or Valencian language, as being suspected of 
containing heresy. In 1434 the library of the Marquis de Villena at 
Barcelona was burnt on suspicion of containing sorcery. (Ferrario, 
‘Storia ed Analisi degli antichi Romanzi,’ &c.) 

Various political and social circumstances had contributed to give to 
the Langue d’Oc that early refinement in an age of comparative 
ignorance and barbarism which is still a matter of surprise to philo- 
logists and historical inquirers. The provinces of Southern France 
had not, like Italy and the northern parts of France, been overrun by 
a succession of barbarians ; they had not been exposed to the ravages 
of the Slavonians, the Huns, and the Danes. The Burgundians and 
the Visigoths, who had settled there nearly about the same time, 
were more civilised than the other German races; they amalgamated 
gradually and quietly with the old inhabitants, and they applied them- 


selves to agricult pursuits, which a fertile soil and a happy climate 
rendered pleasant and productive. The country suffered no subsequent 
invasion from the northern tribes, and the victory of Charles Martel in 


the plains of Tours arrested the advance of the Saracens from the west. 
Southern France was, it is true, subjugated by the Franks, who had 
occupied the countries north of the Loire, but the Franks had by that 
time formed themselves into a regular monarchy under Pepin and 
Charlemagne, and were no longer unruly, barbarians. During the 
decline and imbecility of the latter princes of the Carlovingian dynasty, 
Southern France became a separate and independent state, of which 
duke Bozon, an active and vigorous man, became monarch, and the 
kingdom of Arles or Provence extended over the whole south of France. 
The descendants of Bozon retained their sovereignty for more than two 
hundred years; and when the male line ended in 1092, in the person 
of Count Gillibert, his states became the dowry of his daughters, of 
whom the elder, Douce, heiress of Provence, was married in the year 
1112 to Raymond Berenger, count of Barcelona, and her sister Stephanie 
married the count of Toulouse. A treaty, concluded in 1125, between 
the counts of Barcelona and Toulouse, fixed the division of the states 
of Gillibert between them. Another powerful baron, the count of 
Poitiers, became duke of Aquitaine or Guyenne, which afterwards 
came by tnarriage into the possession of Henry II. of England. These 
three states, Barcelona, Toulouse, and Guienne included the whole 
country in which the Langue d’Oc was spoken. The union of Provence 
with Catalonia introduced into the former country a taste for poetry 
and chivalry, which was fostered in Spain by the Moors. The maritime 
towns of Catalonia and Provence carried on a lucrative trade all over 
the Mediterranean, and Catalonian armaments took an active part in 
the Eastern wars between the Greeks, the Normans, and the Saracens. 
All these circumstances contributed to refine the manners of the 
people as well as their language, and the singular institution of the 
Courts of Love gave a peculiar turn to their poetry. [Trousapours.] 
The Langue d’O%l, or Northern French, also called sometimes Nor- 
man French, having become the language of the court and capital of 
the kingdom of France, gradually encroached upon the Langue d’Oc, 
as the various provinces south of the Loire became incorporated with 
the monarchy.. From the 13th century downwards, the edicts and 
ordinances of the French kings being issued in the Langue d’Oil, were 
forwarded, either in the original or translated into Latin, to the pro- 
vinces of the south. The writers of Northern France, the Trouvéres, 
refined their own language, and found encouragement at court, which 
was not extended to the writers in the Langue d’Oc. Ronsard, who 
was a native of the south, in his ‘ Abregé de l’Art Poétique,’ complains 
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of this : “Now that our France is all subject to one king, we are 
Obliged, if we wish to attain honour or fame, to speak his lan » 
@lsee our works, however honourable and perfect, would be thought 
little of, or might perhaps be al er despi and neglected.” 
With the invention of printing, copies of the works in the Langue 
@Oi were speedily multiplied, while those of the Troubadours re- 


mained mostly in manuscripts, confined to a few libraries, In the 
16th cen’ t was enacted that all public acts and deeds should be 
written in 


french. The Langue d’Oc, being thus restricted to the 
mere purposes of a domestic fdiom, degenerated into various patois or 
dialects. Still there appeared, here and there, in the 17th and 18th 
centuries, several native poets who wrote with spirit and humour in 
their respective patois, such as Lesage, a Languedocian, whose bur- 
lesque and frequently licentious poems were published at Montpelier : 
* Les Folies de le Sage, 1650; Ader, ‘Lou Gentilhomme Gascoun,’ 
Toulouse, 1610, and ‘Lou Catounet Gascon,’ 1611; a version of 
Homer's ‘ Batrachomyomachia,’ in Gascon, ‘La Granoul-Batromachio,’ 
Toulouse, 1664; ‘ La Pastourale (a comedy in 4 acts) deu Paysan que 
cerqte mestié a sun hils,’ in the dialect of Béarn by Fondeville de 
Leecar, Pau, 1767 ; ‘ L’Embarras de la Fieiro de Beaucaire,’ by Michel, 
Amsterdam, 1700; ‘Actes du Synode de la Sainte Reformation,’ 
Montpelier, 1599, a satire inst the Calvinists, by Reboul, a witty 
but profligate adventurer, who was at last executed at ‘Rome, under 
pope Paul V., in September, 1611, in consequence of his undiscrimina- 
ting satirical propensity ; ‘Lou Banquet,’ par Augié, Gaillard, Paris, 
1583 ; the ‘ Jardin deys Musos Provengales,’ Aix, 1628; &c. ; 

In Spain the Latin became corrupted, though perhaps less’ 
rapidly and at a later date than in Italy and ice, which is proved 
by the fact that during the 8th and 9th centuries masters were pro- 
cured from the Peninsula to teach that language in Italy, It is 
another eviderice of this, that till the beginning of the 12th century, 
Latin, though corrupt, was the only language used ey bes Christian 
population ‘of the Penbanuls, not only in the acts of the cortes and 
councils, but also in the municipal fueros, the public edicts, diplomas, 
testaments, and the writings ofauthors. It was also the language of the 
tribunals, until San Fernando, about the middle of the 13th century, 
caused the ‘ Liber Judicum ’ to be translated into the vulgar tongue. 

Thecorrupt Latin of Spain gave rise to the Catalonian and Valen- 
cian, the old Portuguese or Galician, and the Castilian or modern 

i The last two, and especially the Castilian, received a con- 
siderable admixture of — Aes -_ to be ete 2000 in the 
Spanish language), from which the Catalonian remained comparativel 
free. The of corruption of the Latin into Romance was the 
same as in France and Italy, and may be traced even in the writings of 
the clergy, who professed to use the literary of the country. 
Elipando, bishop of Toledo, a man of learning for the time, who 
strongly op the introduction into Spain of the tenets of the supre- 

and infallibility of the Roman see, writes to Felix, bishop of 
Urgel, in the following style: “ Domino Felice, sciente vos reddo quia 
vestro scripto accepi... .direxi vobis scriptum de fratre Mili- 
tane ....ego vero direxi epistolam tuam ad Cordoba,” &c. 

It is impossible to fix the epochs of the origin of the various lan- 

guages of the Spanish penins' The Catalonian and Galician or old 
‘ortuguese appear to be the oldest. The Castilian, notwithstanding 
the assertion of Bouterwek to the contrary, was not formed in the 11th 
; ite oldest existing monument, the poem of‘ El Cid, is not 

older the year 1200. Previous to the 12th century the Galician, 
or old Portuguese, appears to have prevailed in all western Spain. An 
old manuscript Cancionciro in this dialect, belonging to the library of 
the Royal College of the Nobles at Lisbon, of which Sir Charles 
Stuart obtained a copy, which he communicated to Raynouard, speaks 
of the Galician dialect as being spoken in Galicia and in Portugal, as 
far south as Coimbra, in the 10th and 11th centuries, after which the 
Portuguese grew into a te and polished dialect, which was much 
in use for poetry among Galici Castilians as well as Portuguese. 

,‘ Grammaire Comparée,’ Discours Préliminaire.) 

In the ‘ Elucidagio das Palavras, Termos,e Frases que em Portugal 
ne se usirao,’ 2 vols. fol., Lisbon, 1798, are other specimens 
of Pp or Galician compositions, The original text of the 
* Amadis de Gaula,’ by Vasco de Lobeira, which is lost, was written in 
the same language. 

The Catalonian dialect became early a literary language, and as such 
subject to fixed grammatical rules; it has its grammars and diction- 
ae oe number of printed books, and a still greater number in 
man It had its historians; among others an anonymous his- 
torian of Catalonia, mentioned by Zurita in his ‘ Chronicas de Aragon ;’ 
Bernard de Sclot, who lived in the 13th century, and wrote a history 
of the principality of Catalonia and of the angers subsequent 
to the junction of the two states; and King Jayme I. of Aragon, who 
wrote an account of his own reign, which has been published under the 
following title: ‘ Chronica o Commentari del gloriosissim e invictissim 
Rey Jacme Rey de Mallorques ¢ fe Valencia, Compte de 
Barcelona e de Urgell, e de og ape escrita aquell en sa 
i natural, e treita del Archiu del molt camel! Rational de la 
i Ciutatde Valencia, hon estava custodita,’ Valencia, 1557. King 
Jayme also wrote a book ‘de la Sayiesn’ ‘on wisdom,’ quoted b: 
Nicolaus Antonio, in his ‘ Bibliotheca Vetus.’ The Catalonian is rich 
in poetry, which was introduced into the Peninsula by the Troubadours 


of Provence and Languedoc. Alonso II. of ae, the 12th 
century, is numbered among its poets, as well as G de Bergue- 
dan, a Catalonian noble, who lived in the following eat and some 
of whose verges are preserved in & manuscript in the Vatican library. 
Mosen Pero March, Jacme March, Mosen Jorde, Mosen Febler, and 
Ausias March of Valencia, rank also among the Catalonian, Aragonese, 
and Valencian Troubadours, [Trovsapours.] 

The languages of Aragon and Valencia, in the time of the A 
monarchy, may be considered as one and the same with the Ca‘ 
It is worthy of eemark, that at the end of the 13th century, when th 
Castilian language had already gained the preponderance in a great 
part of Spain, we find a controversial conference between the Jews of 
Granada and some Christian missionaries from Castile, carried on in 
the Catalonian language, which appears to have been vernacular at 
Granada. (‘Memoirs of the Royal Academy of Barcelona,’ i., p. 615.) 
In the same Memoirs (p. 618) it is stated that the bishop of Ore: 
having been requested to examine what analogy there 


between the vulgar Galician and the Catalonian, answered, that there 


were in both, not only nouns, verbs, and other parts of speech quite 
identical, but also entire phrases ‘And Terreros (in his ‘ Paleography’) 
and others have stated, that the language of Asturias is the same as 
that of Galicia, bating the difference of pronunciation. . 


The Catalonian, observes Raynouard, is the living language which 
most resembles the old Romance of the Troubadours, and that By oy : 
Valdenses of Pignerol in Piedmont is the next. The following are 


among the es of difference between the Catalonian and the 
Romance :—1. The Romance substantives and adjectives ending in an, 
en, in, and un, add in Catalonian the euphonic final vowel y; ajfan, 
affany, estran, estrany, &c. The plural feminine in as is changed into es. 
The Catalonian often changes the s into an x; axi, puix: it doubles 
the / at the beginning and at the end of words; t, Uoch, Uuny ; it 
sometimes changes the e into an i, especially of the Romance partici- 
ples in ent ; dormint, servint, fugint, premint ; it adds a final u to some 
inflections of the verbs, &c. The Catalonian has retained the affixes ( 


the Romance, of which the following are specimens taken from the — 


poems of Ausias March, the Valencian Troubadour ;, 


Mottra m la llum de vera esperanga, 

Be ns mostra Deu lo mon que vol finir 
Tot mon parlar als que no ws auran vista, 
No solament los leigs qui ¢ venen contra, 


The popular — or dialects of the south of France, after being 
long n , have of late years attracted the attention of philologists. 
Colomb de Batines has given an account of the is of Dauphiné ; 
Sainte Beuve inserted a notice in the ‘Revue des Deux Mondes,’ 


© 
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vol. x., 1837, of the poems of Jasmin, the barber poet oer ee 


‘Recueil de Poésies Béarnoises,’ was published at Pau in 1827. ( 
Bearnese dialect is a Romance and not a Basque dialect, and resembles 
the Gascon.) The dialect of Gascony has been illustrated by the 


Viscount de Métivier: ‘De l'Agriculture et du Défrichement des — 


Landes,’ Bordeaux, 1839; and also by Du Mege: ‘Statistique des 
Départemens des Pyrénées.’ The Languedocian boasts of two graceful 
poets, brothers: ‘ Poésias Patouesas de P. A. et Cyr. Rigaud,’ tig 
1806 ; ‘ Mélanges sur les Langues, Dialectes, et Patois,’ Paris, 1831 ; 
Beronie, ‘ Dictionnaire Patois, Tulle, 1820; the poems of Verdi¢, a 
self-instructed artisan of Bordeaux, who died in 1820—whose works, 
full of humour and nature, are unknown beyond the i of his 
native town; an imitation of the fables of Lafontaine, in the dialect of 
Limousin, by J. Fougaud, 1835; Brunet, ‘Notices et Extraits de 
quelques ouvrages écrits en Patois du Midi de la France,’ Paris, 1840; 
Millin, ‘ Essai sur la Langue et la Littérature Provengale,’ Paris, 1811; 
J. Champollion Figeac, ‘Nouvelles Recherches sur les Patois ou 
Idiomes vulgaires de la France, et en particulier sur ceux du Départe- 
ment de I’ , suivies d’un Essai sur la Littérature Dauphinoise, et 
d'un Appendix contenant des pices en vers et en peu connues, 
et un Vocabulaire,’ Paris, 1809; Grinet, ‘ Vocabulaire Limousin,’ 


a dialect which resembles those of Franche Comté and Western 


Switzerland. ie 

With regard to the ancient Langue d’Oc, or Langue Romane, the 
most refined of all the southern dialects, but which may be considered 
now as a dead language, it was illustrated in the last bag in eee 
by Bastero, ‘La Crusca Provenzale ;’ and in France, by L’Abbé Millot, 
‘Histoire Littéraire des Troubadours,’ who ooinpiel his work from 
the voluminous manuscript folios of M. de Sainte 


successful investigator of the Romance language and literature. His 
‘Lexique Roman, ou Dict. de la Langue des 

lished in 6 vols. 8vo, Par. 1836-44, M, Honnorat has published a — 
‘ Dictionnaire Provencal-Frangaise,’ or Dictionary 


ancient and modern, 2 vols. 4to, Paris, 1846-49; and G. F. Burguy a 


‘Grammaire de la Langue d’Oil, ou grammaires des dialectes iy 
aux XII. et XIII. siécles,’ accompanied by a glossary, 2 vols., Berlin 
1853-54. Other valuable works have also appeared, either written or 
edited by Mahn, bares &e, a 
In Italy, the dialect of the valleys of Pignerol, or of the Valdenses, 
has most affinity to the old Romance. The Piedmontese, which is a 


written language, and is spoken by all classes of people, bears also 
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affinity to the modern Romance dialects of Southern 
and we have heard it stated that natives of Languedoc can 
d those of Piedmont with ease. Dr. Pipino published a 
2 , Turin, 1783; and Ponza published, in 1827-8, 
i Eiecealens sud Italian. The language of Nice is also a 

ect of the Langue d'Oc. : 
regard to the other North Italian or Lombard dialects, they 
less from the old Romance language, though they had a 
and perhaps coeval origin with it, and resemble it more than 
i The  d’Oc, having been formed chiefly 
inci in, as well as the dialects of Italy, 
to aregular form sooner than they; and having 
i language, the Italians in their turn 
be at second-hand from it. Raynouard, in his ‘Grammaire 
 Comparée; observes that the dialect of Ferrara is one of those which 
has retained more ly the forms of the Romance with the least 
4 That i he comes perbaps the next in affinity : it 
often changes the ¢ into 0; for example, instead of el, del (Romance), 
- ol The dialects of Bologna and Mantua abound with 
aphareses, which render them very harsh; they have 
e ¢ of the Romance terminations im at, it, ut. The 
pronunciation, and many double vowels, changing 
aa, ti. uu, the Romance terminations in at, it, and ut ; veritaa, 
, av, 5 akg cemgee te it @ ; noster, sepolcher, for the 
nostre, scpolchre. e dialects of the Venetian territory, 
exception of that of Friuli, are more remote from the 
formation, as are likewise still more so the dialects 

pennines, or of Southern Italy, 

the multifarious subject of the Italian dialects, but must 
misitive reader to their grammars, vocabularies, and other 


of Western Switzerland, Vaud, Neuchitel, Geneva, part 
er Valais, and .also of Savoy, have retained to 
name of patois Romand, or e Romande. Western 
the Aar, was occupi 
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ption of which several Romance 
dialects were formed, which resembled those of the south of France 
Some of the dialects of 


or Langue d’Oil, whilst others, like that of Gruytre in the 
bear more affinity to the Romance of the south, 
Italian. Specimens of both are contained in 
ees saak Sipe | fhe ociinn oF Foes sap Soa 

mance, ‘Sammlung von Schweizer Kubreihen 
, 1818. To this day, Switzerland is divided, 
habits, into German and Romande, and the 


: 


supposed by some to be derived from the 
the Etruscans, a emigrated to those valleys about 600 


books have been published in it. MSS. eight or nine 
old existed at the end of the last century, and perhaps some 
in the convent of Disentis. The dialect of the E ina, or 
the Inn, is called Ladin: it has still greater affinity to the 
dialects. Specimens of Rumonsch and Ladin are 
the — to Vieusseux's ‘ Hi of Switzerland,’ poe 
bye y for the Diffusion of Useful Knowledge. y- 
that the Rumonsch has the = and oe — 

of the Romance language, though it is disfigured by an admix- 
of Northern or Teutonic orthography and pronunciation. It 
adds a g to the end of words; jilg, voly, haig, testamaing, for the 
i enone Romance in ite most extended 
language in its most extended 

languagea and dialects of Western Europe, that is to say, 

Italy, Western Switzerland, the Grisons, France, and Spain, may be 
called , derived essentially from the Roman or Latin, 
been formed after the fall of the Western Empire. The 
the Armorican or language of Lower Britanny belong to a 
ily. The Walloon of Lage and the Valachian are also 
The Valachian resembles the others, though leas 
in its grammatical forms than in the saat of the words. 
shows the analogy existing between them all in their gram- 
ology in his ‘Grammaire Comparte des 
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of the tropbedours, or Langue d’Oc, we must 
the south of France, and the eastern provinces of Spain as far as 
IDenpenais of Ootaloni, Velenclo, onc Majorca, and in the Languedonin, 
: 'y ajorca, '? 
Valdenses dialects, 


© Raynouard at the conclusion of his ‘Grammaire Comparée’ of the 
languages of Latin or Roman Europe, enumerates twenty-three special 
characteristics in the construction of the Romance language, most of 
which oecur also in the other languages and dialects of Western and 
Southern Europe, which he styles ‘ Neo-Latin.’ 1. The use of articles 
to determine the cases, instead of their being designated by the termi- 
nation of the word as in Latin. This characteristic is found in all the 
modern languages derived from the Latin. 2 and 3. Relate to the 
terminations of words, especially nouns, of which Raynouard gives com- 
parative tables in the various languages. 4. Is peculiar to the old Ro- 
mance, but existed also in the Northern French till the 14th century. 
It consists in placing an s at the end of substantives in the singular, 
when they stand as subjects ; the absence of the s shows they were used 
in the objective case. In the plural it was the reverse, the absence of 
the s designated the nominative. The Northern French dropped the 
s generally in the singular, and gave it to the plural without distinc- 
tion. 5. Refers to other terminations employed by the old Romance, 
especially in proper names, to distinguish the subject from the object, 
6. Concerns the ea of the adjectives. 7. Concerns the degrees of 
comparison, 8. Is on the Romance affixes representing personal pro- 
nouns, ous, 0s, m, x, which are also met with in the old French and old 
Spanish, and also in some rustic dialects of France, in the Catalonian, 
and in some north Italian dialects. 9. The pronoun alire is an ex- 
pletive added to the personal pronoun. This has been adopted by all 
the Neo-Latin languages of Europe; vous autres, vos otros, vos outros, 
vai altri, &e. 10. Relative pronouns qui, que, lo qual. 11. The indefi- 
nite pronoun om, derived from the Latin homo, which the French has 
retained in on. The Spanish and Portuguese, which formerly employed 
ome in the same sense, have since substituted se, and the Italians si, 
12. Concerns the use in the conjugations of the auxiliary verbs aver, 
exter, and estar, which have been adopted, with some modifications, by 
all the other Romance languages. 13 and 14. Concern the formation 
of the future and the conditional. 15, Concerns the participles in ut, 
of which the French has made uv. 16. Concerns the double formation 
of participles of the same verb, such as rot and romput, defet and de- 
Sendat, eleit and elegit, &. 17. The compound passive formed of the 
auxiliary exser and the participle past, which has been substituted in 
all cases for the Latin simple passive form. 18, Concerns the verbs 
used impersonally, 19. The infinitive with the negative, used as an 
imperative. TWe Italian has retained it: ‘ Non parlare :" speak not. 
20. The various uses of the conjunction gue. 21. Formation of adverbs 
from the feminine adjective by adding the affix ment, which has been 
adopted by all the other languages derived from the Latin. 22. The 
expletives pas, mica, gaire, &c., added to the negative particle to give 
it greater emphasis, This form is retained by the French in pas, and 
by the Italians in mica and guari. 23. Concerns the appellations 
Romans, Romance, Roumonch, Romanza, which were used by the old 
French, Italian, Spanish, and Portuguese writers to designate their 
respective idioms ; an appellation which serves to show their common 
origin. The most recent general dictionary of the Romance language 
is the ‘Lexicon Etymologicum linguarum Romanarum, Italice, 
Hispanie, Gallice, &c.,' of F. Diez, Bonn, 1853. 

ROMANESQUE ARCHITECTURE is that style of round-arched 
architecture which (with local or national peculiarities) prevailed 
through a large part of Europe during the 11th and 12th centuries. 
Under Brzantixe Ancutrecture, it was pointed out how the archi- 
tecture of the ancient Romans diverged in the hands of their barbaric 
successors into a two-fold form: the older becoming moulded, in the 
Eastern Enmipire, into that known as the Byzantine style, and which 
was the parent of the subsequent ecclesiastical architecture of the east 
of Europe; and the later, that which in the Western Empire became 
in the hands of the ecclesiastical architects what is now known as 
Romanesque, and which, as was shown under Gotutc ArcHITEectuRE, 
became in its ultimate development, Pointed Gothic. Romanesque 
architecture then, both in time and place, stands between the classic 
Roman and the Pointed Gothic; and is, in fact, the link which con- 
necta the one with the other. 

Until the final separation of the Western from the Eastern Empire, 
the Byzantine type was in the ascendant; but in the West such archi- 
tecture as existed was rather a debased Roman, than an independent 
or derived style. Yet traces of the Romanesque appeared at a com- 
paratively early date. 
century ; but this was followed by a long interval of quiescence. Some 
have fancied that the revival is due to the Lombard kings, and have 
consequently termed the style itself Lombardic. But the revivifica- 
tion of architecture does not seem to be really traceable farther back 
than the 10th century; the development of the style belongs to the 
11th century, and its highest perfection to the 12th, when its obvious 
insufficiency to meet the growing requirements of the age led to the 
introduction of the feature which caused it to merge into what is 
usually regarded as a totally different style. Nor, as we have intimated, 
can it be especially assigned to any icular locality. Lombardy 
may have been the cradle of the actual Romanesque, but it soon spread 
through other parts of Italy; along the Rhine, in Germany and Switzer- 
land ; throughout France, and by way of Normandy to England. The 
styles of these countries are indeed frequently treated as though not 
only different but unconnected, but in principle they are essentially 
the same ; the differences consisting of those local and national features 


Its germ was certainly visible in the 6th or 7th” 
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which are due to the character of the inhabitants, and the physical (or 
geological) peculiarities of the country, and which are always found 
unless the inventive faculties are controlled by rigid ecclesiastical or 
professional precedents. We may say, however, that as the birthplace 
of the style was Italy, it was there that it retained most decidedly the 
resemblance to its original, the divergence from the classic type be- 
eoming more marked in jon to its distance in place as well as 
time from its source. ret ge ilst in other countries the Romanesque 
ae in the 18th centuryinto Pointed Gothic, in Italy it maintained 
itself as the prevalent style till the advent of the Renaissance. 

We shall here treat of Romanesque architecture generally: the 
peculiar forms it assumed in our own country, first in a very rude 
shape in the Anglo-Saxon, and afterwards in a more a and 
artistic condition as the Anglo-Norman style, are noti under 
Norman Ancurrecrvre, and Saxon Arcarrecrure, to which articles 
we refer for xnany of the details necessarily omitted here, and which 
are in a measure applicable to the style in other countries. 

The earlier buildings of Christian Rome were merely a degenerate 
imitation of the older buildings. From the establishment, if not from 
the tolerance, of Christianity the ancient basilicas were employed as 
churches ; and the earliest churches erected, were modelled on the type 
of the basilica. Presbyteries, chapels, and other features were gradually 
added, and ultimately the church assumed the form of a Latin cfoss ; 
but even then the principles of the basilica form were retained. 
[Bastutca; Cuvurcn.] In the buildings of the degenerate Roman 
period it was usual to employ the materials as well as to imi 
the forms of the older edifices and columns, and other ornamen 
ts were appropriated to places which they could only be made 

various modifications and contrivances. Hence the classic 
ons, at first little heeded, were soon entirely forgotten, and 
the different of the building were designed according to the 
necessities of the case, or the taste or caprice of the architect. Arches 
were made of all sizes and placed anywhere. Columns were arranged 
without regard to the orders; and the dimensions of the shafts were 
regulated merely by the weight they had to sustain. Mouldings and 
carvings assumed the most irregular and fantastic patterns, 

Thus, then, we perceive, when Romanesque architecture was emerging 
from the chaos, references in all its parts to ancient Roman forms and 
principles, but the utmost licence in their application ; and what the 
architects of the period did, was to reduce the discord into order, and 
to mould the whole into a consistent system. Among the distinctive 
characteristics of this style in its maturity may be mentioned in the 
first place, its general massiveness of construction and severity of 
character. The walls are usually of great thickness and pierced by 
windows of a comparatively small size and few in number. Indeed, in 


to fit 


nothing does pointed Gothic differ more markedly from the round- |” 


arched style out of which it grew than in the enlargement and the 
given to windows—a characteristic due to the introduction 
of painted glass, and the admiration felt for it by the ecclesiastics of the 
west and north,—the decorations of the Romanesque, essentially of 
Italian origin, having been chiefly mural paintings and mosaics, But 
besides the massiveness of construction, a leading characteristic is the 
predominance of horizontal lines in the general composition, which 
again distinguishes this style from Pointed Gothic, in which a general 
tendency to verticality is as decidedly apparent. : 

The semicircular or segmental arch is distinctive of the style. It is 
employed for all purposes, and occurs of all sizes in the same building. 
Usually it is employed in combination with the columns, the column 
being made the essential a of the arch—all ap nee of en- 
tablature being now discard At first the columns themselves were 
mostly ing, not cylindrical like the slender detached ones met 
with in the Pointed style, and the capitals bore a more or less close 
resemblance to those of the Corinthian order in contour and proportion. 
The capital itself, however, was larger in proportion to the rest of the 
column, thereby affording a greater surface or impost for the arches 
to rest upon; and also combining the appearance of security at that 
point with general lightness of appearance. The shaft was mostly 
plain, yet frequently highly ornamental, striated or carved in different 
ways, and sometimes twisted, either singly or with two stems twining 

irally round each other. Columns furnishing examples of all these 
different modes occur in the cloisters of San Paolo and San Giovanni 
Laterano at Rome; and the capitals | ens quite as much variety, it 
seeming to have been the aim on such occasions to introduce as much 
diversity as possible, instead of so ing the columns as to have two 
of the same kind placed together: a practice probably originating in 
making use of fragments taken from other buildings, and afterwards 
retained as conducing to variety and richness, 

Although the arches were, as ma as not, quite plain, and 
without archivolt mouldings of any kind, the use of archivolts was b 
no means uncommon; sometimes consisting of merely a single mous. 
ing enclosing a plain border around the arch, at others divided into 

ia, and more or less enriched,as in the front of the cathedral of Pisa, 

which building the arches describe more than a semicircle above 
the capitals of the columns, being prolonged downwards by a deep 
abacus, consisting in some places of two, in others of a single plain 
block amr arpl on the capital. Similar blocks or abaci occur 
in the of Frederick Barbarossa’s palace at Gelnhausen, where 
small heads or masks are introduced immediately above such abaci, so 


as to fill up the same space there between the arches, and continue in 
some degree the vertical lines uced by the columns. 

Insome Romanesque buil the design consists of little more 
than an assemblage of arches variously di b for 
windows being few and small and destitute of ornament; and they 
generally form either successive tiers, one above the other, like so 
many blank galleries, or occur at intervals in the vertical line of the 
edifice. In these kinds of arcades [Ancapr], that which is uppermost 
is generally of much [smaller dimensions than the one beneath, so 
that two of its arches onneET es wider space than one of those below 
it. Another practice peculiar to this style is that of ing a range 
of arches beneath a gable, ascending one above the other in the same 
sloping direction as the sides of the roof; instances of which occur 
in the fronts of the Duomo at Parma, San Michele at Pavia, and in those 
of the cathedral at Carrara, and the church of San Zeno at Verona, in 
which two latter instances, however, the bases of the columns are all 
on the same level, and consequently the columns themselves gradually 
increase in height as they approach the centre. The front of the 
cathedral at Pisa offers a double instance of the same kind in the upper, 
or gable story, and in the half gables over the ends of the second one, 
with the difference, that in the latter the pillars support merely blocks 


placed beneath the inclined line of the roof. To this may be added 
the very prevalent custom of making an upper cornice or border of 


very sm 
ance. Interlacing arches were also very common in 
arcades, 

Among the other more prominent characteristics of this style, which 
are all that we can here tonch upon, it should be noticed, that whether 
forming actual porticos and galleries, or closed up and applied merely 
as decoration, the arcades were generally small in proportion to the 
building itself, and instead of occupying the entire width of the 
front, or other elevation, were mostly inserted into distinct compar 
ments of it, slightly recessed within the general face of the wae 


interlacing arches, or of mouldings producing ee 
t 


that the plain spaces between them assumed the appearance of but-— 


tresses, or, when narrow, of plain pilasters continued up to the cornice 
of the gable or roof, and cutting through 
other horizontal mouldings (if there were any), divided the different 
stories or stages of the edifice. Such buttress-like surfaces—for 
buttresses they cannot properly be termed—were occasionally more or 


less enriched; sometimes so much so, as to produce vertical lines of — 
ornament continued the entire height of the building, as in the front — 


e decorative 


whatever string-courses, or 


of San Michele at Pavia. When, as was frequently done, these surfaces _ 


were made wider at the angles of the front than elsewhere, they gave — 


an expression of repose and of great solidity to it, serving as it were as 
a frame to the architectural decoration. 


of being set on the part they rise above, being separated from it by 
horizontal mouldings; besides which they are generally low, and some- 
what resemble pedestals. Pinnacles of this description found 
surmounting pilaster-breaks, and cutting through either an horizontal 
Meer or the sloping cornices ofa gable, asin the front of the cathedral 
at Monza. 

Windows, as we have said, were for the most sparingly intro- 
uced, and of small dimensions, so that they rarely cnetestbuted much 


towards embellishment ; circular or wheel windows are, however, not 


unfrequently introduced in gables, and often with considerable effect. 


Doorways were generally made very important features, the chief 


ornament being lavished upon them. The aperture itself indeed was 
generally plain, and also square-headed, but it was enclosed in a recess 
formed hy a series of arches one within another and ing upon 
columns; and so deep was this outer casing as to be frequ very 
nearly as wide as the actual doorway. Sometimes the tympanum was 
filled Digi sculpture, and the arches and capitals were very richly 
cary. 

Vaulting is another i characteristic of the style. At first 
the ordinary Roman semi-cylindrical or waggon vaulting prevailed; 
but the awkward appearance of continuous vaulting supported by dis- 
connected columns seems to have soon arrested attention, ast the 
Roman quadripartite vaulting was introduced. This was succeeded | 
sexpartite, which met most of the immediate requirements of the case, 
but led to other innovations which in turn introduced new change: 
Indeed, as Mr. Whewell, Mr. Scott, and other distinguished authorities 
have suggested, and as appears highly probable, it may have been the 
unceasing efforts of the builders to improve the system of vaulting 
which led to the use of the pointed arch, and ultimately to the 
adoption of the pointed style. 

There are other points on which we might dwell, as the general 
employment of the apsidal termination, and the use of the triforium 
and the clerestory, but for these features it must suffice to refer to the 
articles Apsis, CLEREsTORY, and Trirortum; and again for the illus- 
trations of details omitted here to Norman Ancurreorurg. We may, 
however, just add a word or two on Zowers, a new and important feature 


in this style of architecture. In Italy, towers vgs fina as detached — 
urches of Germany, — 


buildings [Campanries], but in the Romanesque 
France, and England, they are an essential and very 

portion, As the rule they are square in plan; massive in structure; 
pierced with a few narrow, round-arched windows, which are often 


coupled and enclosed with a larger arch; the surface is often orna- 


Pinnacles are of rare occurrence, and when introduced have the look. 


may be found © 
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mented with arcades; and they are surmounted occasionally with a | and commentators upon this Epistle, both English and foreign, have 
low py spire. alge ARCHITECTURE ; Srrre.] Occasionally | been exceedingly numerous, 

I and more rarely octagonal, towers are met with. In some RONDEAU (EFr.), or RONDO (It.), a kind of air consisting of two 
towers circular windows are seen. or more strains, in which, after finishing the second strain, the first is 
occur in many Italian and some French churches of this repeated, and again after the third, &c., always returning to and con- 

date ; but these may be regarded as evidence of a more or less direct cluding with the first. (Rousseau.) 
ine influence. ROOD, the quarter of an acre. [Acre.] 

ROMANS, EPISTLE TO THE. The Epistle to the Romans has ROOD-LOFT, In Roman Catholic churches a large crucifix 
been almost universally admitted to be the work of St. Paul. The | occupies a conspicuous position at the entrance to the chancel, Prior 


and the Cerinthians, and these purely on doctrinal grounds, English churches. The crucifix, here called a Rood, was placed on a 
inasmuch as the doctrines of this Epistle were adverse to their own beam—called the Rood-Beam—fixed across the chancel arch, or on =, 
opinions. (Stuart's ‘Commen. on the Epis.,’ p. 42.) Some modern the screen which divided the nave from the chancel; but more 

, however, have supposed that the Epistle properly ends commonly in large churches the Rood was placed ona gallery called 


from the want of connection between the last chapter and the rest of sometimes ornamented in front with the emblems of the evangelists; 
the span But this want of connection may be accounted fdr easily | and had figures of the Virgin and St. John standing one on each side 
The 


without any such hypothesis, (Stuart, ‘Introd.,’ p. 49.) of the foot of the cross—the figures being all turned towards the nave, 
erses 25-27 inclusive of this last chapter are in some manu- The screen which supported the gallery was of wood or stone, often 


of so sublime a character as is contained in these verses does not seem | were carried up an external turret. Roods are of great antiquity. A 
a fit conclusion for a discussion about eating meats or abstaining from | cross surmounting a chancel screen in the church of Santa Sophia, 
them, and accordingly Hug and others agree with the received text in Constantinople, is mentioned by a writer of the 6th century; but 
’ placing them at the close of the Epi le. Some few pxop x omit | there is no evidence of such a cross having a figure of Christ upon it 
them ¢ t this | before the 8th century. In England roods were introduced as early as 
chapter formed the end of the Epistle, and that the Epistle is one. | the 11th century ; but rood-lofts seem to have been first erected in English 
There are, however, indications in the last chapter that the Epistle | churches in the 14th century. The galleries as well as the roods were 


before it was finally despatched. 4 
With respect to the date of the Epistle, various years have been | in Somersetshire ; N ewark, Nottinghamshire; Great Handborough, 
assigned to it, from a.D. 55 to 4.D. 58. According to the most probable | Great Rollwright, and Charlton, Oxfordshire ; Dartmouth and else- 
— it was written towards the end of 57 or in the beginning of 58, | where in Devonshire; and Worm-Leighton, &c., Warwickshire. In 
wi St. Paul was at Corinth, and on the point of setting out to | some churches a small’ turret was erected over the chancel arch, and 
Jerusalem with the “contribution made them of Macedonia and uently over the rood, in which was hung the sanctus bell (Bet- 
Achaia for the poor saints which were at Jerusalem” and in Judea | Corr , and this was often called the Rood-Tower, The chancel-arch in 
(xv, 25, 26), and before he had ever visited Rome. like manner, from the rood being placed beneath it, was sometimes 
The Epistle was dictated in Greek by the Apostle to Tertius, his | termed the Rood-Arch. On the continent the gallery-cross, in French 
amanuensis (xvi. 22), and conveyed to church at Rome by Phoebe | Croix de Jjubé, had gradually fallen into disuse sometime before the 
(xvi. 1), a servant or deaconess of the church at Cenchrem, a place not | present century, and old examples are now very rare. One of the most 
far from Corinth. Another proof of the Epistle having been written | perfect is in the great church of Louvain. In Germany, France, and 
is gi salutations from | the Netherlands, the rood was often suspended from the chancel arch 
Gaius, his host, and Erastus, the chamberlain of the city of Corinth. | by three ornamental chains, of which fragments still remain in several 
(Comp. 2 Timoth, iv. 20; and 1 Cor., i. 14.) The position of this churches. 
i New Testament does not depend upon its date, for it is ROOF, the covering of a house or other building. The name, in its 
in order of time according to most authorities, and is | most extended sense, embraces the external covering itself, and the 
being the “longest and most comprehensive ” | framework by which it is supported ; but, as a term in carpentry, it is 
Epistles of St. Paul, or from the importance of the church to limited to the carcass-roof or framing. 
(Horne’s ‘ Introduct.,’ vol. iv.) With respect | The importance of this part of a building can hardly be overrated, 
origin of this church, we have no certain information in the | since on its right construction depends not only the comfort of those 
They do not tell us when or by whom it was founded. | for whose shelter it is designed, but also the safety and durability of 
that it was founded by St. Peter does not appear to rest | the edifice itself. For the former of these purposes it is desirable that 
evidence : iti 8 | a roof should exclude extremes of heat and cold, and be impervious to 
(‘ Ady. Heer.,’ iii. 1) and Eusebius (Chron, an. 2 Claud.’); but if he rain or snow. For the latter, the exclusion of water is equally neces- 
had indeed preached the Gospel at Rome, such a circumstance would sary ; and it is essential that the framework be so disposed as to throw 
probably have been noticed in the Acta of the Apostles, nor is it likely | the least possible strain on the walls. By a judicious arrangement in 
that St. Paul would have made no allusion to it in this Epistle, | this particular, a roof may not only be prevented from pressing on the 
Perhaps the most reasonable opinion on the subject is, that the 1 | walls in an injurious manner, but may be made to contribute great] 
was first preached at Rome by “ the strangers from that city, the Jews | to the stability of the whole structure. In order to the due combi- 
and lytes,” who were converted by Peter's puacking at Jerusalem | nation of the requisite qualities, an intimate acquaintance with the 
on day of Pentecost (Acts, ii. 10); so t t, like many other rinciples of res. re i 
5 at Rome was at first co: 1 of Jews, and gradually S to 
by 5 til the whole Christian com- | various kinds of strain, is necessary to the economical adjustment of 
munity there became so large and important, “that their faith was | the dimensions of the several parts of a roof. A roof of large span 
spoken of through the world.” The fact of this combination and co- forms, indeed, one of the -most interesting applications of the science 
existence of Jews and Gentiles St perte of one Christian church suffi- | of carpentry, theoretical or constructive. 
er the occasion and object of the} In order to cover in a building in which the space to be spanned is 
judices and pretensions on one side would be met with greater than can be covered by single blocks of stone extending from 
disdain or iin on the other. (Cap, ii. and xi.) The Jews were | one point of support to another, it is necessary either to have recourse 
attached to the Mosaic institutes, and the Levitical rites and distinctions | to the principle of the arch, as in vaults and domes of stone or brick, 
between clean and unclean. The Were impatient of subordination to | or to form a ieanatiotl of timber to support the covering. The former 
or equality with the Gentiles, wished to impose upon them a con- plan is objectionable in the case of ordinary buildings from its expense 
to many points of the Mosaic ritual, especially that of circum- | and weight, and from the great solidity required in the walls, where 
cision, before they were admitted to a Participation in the privileges of they have to be used as the abutments of an arch, The principles on 
the Gospel. The Gentiles, on the other hand, di led (perhaps too | which such coverings of masonry are formed are explained under Arcu 
contemptuously) the prejudices of the Jews, and were of course and Dome ; and in this article the more usual kind of roof, that sus- 
ended at their pretensions to superiority, for which their fallen tained by a wooden framing, will be described. Such structures ocea- 
the Gentiles no justification. They sionally partake of the character of an arch or dome, but more usually 
ry not reflect with fairness on what the Jews conceived themselves | consist of flat planes variously disposed. Roofs formed of one level 
to have a pad the" publication of the Gospel. Such a position of | plane, which are extensively used in eastern countries, are not adapted 
a state of feeling between them, would naturally give | for buildings in which a Space has to be spanned over, nor to 
to the divisions and offences which occasioned some of the admoni- | resist. the penetration of water, and are therefore unsuitable for 
tions and cautions contained in the hortatory portion of the Epistle, | climates in which rain and snow are common. A simple inclined 
the existence of it can scarcely fail to be observed by a careful | plane is well adapted to resist injury from weather ; but, as it is 
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Wor exam: of undesigned coincidence between this Epistle and than a flat roof, it is only suited for small buildings, and’ is seldom 
the Acts of the Apostles, the reader is referred to Paley. The writen used except as a lean-to, Another objection to its use on a large scale 
ARTS AND BOT. DIV, VoL. vit. M 
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is the disproportionate height it requires on one side of the building. 
The best figure for a simple roof is that formed of two inclined planes, 
rising from the two opposite walls that approach nearest to each other 
and mecting over the centre of the edifice, so.as to form a ridge. By 
this form, supposing the same slope to be maintained, one-half of the 
height of the single inclined plane is avoided ; and the length of the 
timbers being diminished one-half, their scantling may be considerably 
reduced. Fig. 1 represents a plan with side and end views of such a 


Fig. 1. 


ay is 


yoot; which is called a common or gableended roof. Frequently four 
inclined planes are used, disposed aa shown in Jig. 2, representing a 


hipped. roof, which takes its name from the hips, or inclined ridges 
formed by the meeting of the sidesand ends Where a hipped roof 
covers 4 perfectly square building, the faces all, meet in a point, and 


form a d; but when, as in the diagram, the plan of the roof is 
oblong, the planes rising from the nearest opposite walls meet in a 
ridge. Sometimes the inclined faces are not continued upwards till 


they meet, but the roof is completed by a horizontal plane. Such a 
f is called a truncated, terrace, or cut roof, and may have two, three, 


Fiz. 3 represents a tri 


Fig. 3. 


one end, and terminating at the other in a vertical wall, like the gable- 
ended roof. i 

This arrangement is useful for diminishing the height of a roof, the 
level platform being covered with lead to compensate for the want of 
slope. It should be observed, however, that even,this part is not per- 
fectly level, the centre being slightly elevated to throw off water. A 
sindler tilar saving. of height is frequently obtained by means ofa roof in 
which each sloping face consists of two planes of different degrees of 
inclination. This form, which is denominated a curb roof (or, from its 
inventor, a Mansarde roof), is very common in London, because ,it 
affords more space for the formation of bedrooms in the roof than the 
simpler forms. A curbed roof may be hipped or, not, according to 


ted roof hipped at 


circumstances. ig. 4 represents it hipped at one end only, as the last 
Fig. 4, 


figure, showing, like the previous diagrams, the plan, and side and end 
elevations. 

Such are the principal forms of roof used in covering simple rectan- 
trular , but they require many modifications to suit irtegu- 
larities of shape or combinations of rectangular forms. Thus, in figs. 5 
and 6, which represent the junction of different roofs or portions of 


roofing at right angles with each other, the lines aaa indicate valleys, 
or the jutiction of two planes in such a manver as to form hollows the 
reverse of hips, When_two faces of a roof join so as to form an angle 
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similar to a valley, but in a horizontal instead of an inclined position, 
the term gutter is applied instead of valley. <j 

A further distinction, which it may be well to mention before 
entering upon the details of construction, is that between roofs with 
dripping eaves, and those in which the water is collected in gutters. 
In the former case the roof projects several inches, or even feet, wer eyond 
the walls, and the water running from the roof either drops at once on 
the ground, or is collected in troughs fixed under the margin of the 
eaves, and conducted by them to descending pipes. This ent 
has a clumsy appearanée, and is perhaps unnecessary where a sufficient 
projection is given to the eaves, though it is essential to the dryness‘of 
the walls when they are of the diminutive size often adopted by 
modern builders, In gutter roofs the timbers do not extend to the 
outside of the walls, which are carried up as parapets, of a reduced 
thickness, to such a height as to conceal the either wholly or 
partially. The gutters, which are troughs of wood covered with lead 
or other metal, are laid at the bottom of the slopes, just within the 
parapets, and have a gentle inclination (usually about an inch in ten 
feet), to cause water to run freely towards the pipes. In extensive 
roofs it is well to use two or more falls instead of one, that the 
élevated end of the gutter may cover as little of the roof as need be. - 
Similar troughs are often used in the valleys. Gutters are generall: 
made wide enough for a man to walk along them, and should be sufti- 
ciently capacious to avoid all risk of overflowing during a sudden — 
heavy fall of rain. 

The degree of slope given to the inclined faces of a roof varies 
according to the covering material employed, as well as to the climate. 
The ancient Grecian temples had very low, or pediment roofs, varying 
from about 12° to about 16°, the height being from one-ninth to one- 
seventh of the span. In Roman buildings the inclination is somewhat 
greater, being usually 23°° or 24°, or from one-fifth to  two-ninths of 
the span. The general introduction of the pointed style of architec 
ture led to the use of very high-pitched roofs, a very comm 
proportion being that in which the length of the rafters is the same as 
the span, so that they formed an equilateral triangle. In compara' 
moderti domestic architecture in this country, it has been 
desirable for the length of the rafters to be three-fourths that of the 
span, and an angle of 45° is still considered by some to be the best 
pitch when plain tiles are used. As builders can, in the present day, 
obtain bicellant covering materials, the pitch may be made of any 
required degree, down to the low Grecian pediment, and it therefore 
depends on the style of architecture and the taste of the builder; the 
most common height being from one-fourth to one-third of the span. 
High roofs di rain the most rapidly, and do not retain snow so 
much as those of low pitch; but where they have gutters they are 
liable to become choked by snow sliding itto them, and to overflow 
from water running into them faster than the pipes can eg ee 
—. Steep roofs may be covered with small slates, and are less 
likely to be stripped by violent winds. Low roofs, in consequence of 
their superior lightness, are less expensive, the timbers not only being 
shorter, but of proportionately smaller scantling, and they press les: 
pe bere on the ba er Hea a easiest Tred- 
gold’s ‘Elementary Principles of Carpentry, shows the per angle 
for roofs covered with the materials cathe in the Bee cua, 
the last columin indicating the comparative weight of each kind of 
covering :— 


Height of toof Weight a 


Tnelination to in partsof _ squareo 
Covering. the horizon, the span, roofing.* 

Copper or lead , + 3°50 ds { lead ba 
Slates, large ees % 1120 

4 ordinary . 26°33’ 900 to 500 
Stone slate . s 4428 2380 
Plain tiles . - 29° 41’ 1780 
Pan-tiles, «4. +. + + 24 3 650 
Thatch of straw, reeds, or , 

hrateie = et Rags } 

In describing the timber-work of an ordinary roof, each’ of the 


planes of which it is composed may be considered to be bounded by a 
frame, the parts of which have the general name of bordering pieces. 
Those which join the wall are the wallplates ; that at the m of 
two faces, el to the wall-plates, is the ridge-piece ; and the inclined 
bars exten from the wall-plates to the ridge-piece are rafters, those 
which form the salient angles in hipped roofs being distinguished as 
hip-rafters, ‘The support necessary for the external covering is given 
by a series:of rafters or inclined bars, extending from the wall-pla 
to the ridge-pieee, and placed parallel with each other at equ 
distances. In a hipped roof; the rafters neat ‘the ends, being } allel 
with the others, are necessarily diminished in leng Pr cera rom. 
the wall-plate to the hip-rafter instead of the ridge-piece, All such 
pieces, being shorter than the length between the wall-plate and the 
ridge-piece, are called jack rafters. 

It is not usual to vary the scantling, or transverse dimensions of 
rafters, in any considerable degree, on account of their various lengths; 
nearly the same scantling being used in all buildings, and the required 


* A square of roofing contains 100 square feet. 
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btained by introducing intermediate supports between 
plates and ridge-piéce pies ie size of the roof renders such 
necessary. Th is supplied by horizontal rectangular 
Pai the ir length 


rs 


additi pes 
purlins, placed under the rafters in such a manner as to 


may, a8 shown in fig. 15, be no’ 
but this practice is not to be recommended, as it weak 


} 
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enumerated; and their names 
referring to the representation of a more complicated truss 


fig. 7, the common rafters are represented on one half of the 
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z 
£ 


omitted for the same reason. 
construction op et somes 6 rock wie relerenes fo 
the building, and the weight of the covering, is a matter 
much scientific Leoieden es the want of this it is not 
encumber trusses with much more timber than is necessary 
and the disadvan Fe Reaar Guten horton? 
cost of the roof, as superabundant uently 
strains, and the increased number of joints adds to 
shrinking and common to all 
The general principles to be acted upon may 
i ; but in limited space devoted to 
can be made to describe all the modifications 
the ever-varying forms of buildings; in the design of 
it is too common, instead of assigning its due importance to the 
, to treat it as an unsightly feature, to be concealed as much as 


ible from view. 
as shown in fig. 8, consisting simply of two inclined 
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on the walls, it is evident that 
¢,as wellas that of the i 


the weigh t of the 


to 
the part of a cord 
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a} ), the centre of tie-beam may be the crown 


This piece is called a king-post, but the name is perhaps 


, that the trusses may be more distinctly seen ; and the end | 


| give the necessary slope to the lead covering. 


timbers. Where principals are used, their lower ends are morticed into 
the ends of a tie-beam, which stretches across the building, and rests 
upon the wall-plates. This beam keeps the lower extremities of the 
principals from separating, and discharges the weight of the roof on 
the walls in a vertical direction, relieving them entirely from the 
lateral thrust of the rafters. The triangular frame formed by the two 
principals and a tie-beam, with any bars it may comprise for additional 
strength, is called a truss, and such frames being placed at regular 
intervals, the timber work between any two of them is called a bay of 
roojing. "The lower extremities of the common rafters, being elevated 
by this arrangement above the wall-plates, are supported by pole- 
plates, or pieces of timber parallel to the wall-plates, resting on the 
ends of the tie-beams. The supporting frame-work altogether is called 
| & carcass-roof. 

Fig. 7, which represents a small carcass-roof supported by four 


not a good one, as, though it appears like a post to support the ridge 
or crown of the roof, it is in reality a tie, supported by it, and sustain 


Pig. 10, 


co 


ing, instead of resting upon, the centre of the tie-beam. By cutting 
the king-post out of a piece of wood of larger scantling than the shank 
of the post itself, projections of the shape indicated in the cut may be 
formed at its ends. These are called joggles, and those at the upper 
end form a wedge between the heads of the rafters, like the keystone 
of an arch. It is evident that a weight pressing on the projecting 
joggles at the base of the king-post will be by it transmitted to the 
crown of the roof. These therefore form fixed points, from which 
support may be obtained, by means of struts or braces, e and f, for the 
centre of each rafter. Where purlins are added, they rest on those 
points of the principal rafters that are thus supported by struts, as 
may be seen by reference to jig. 7. It may be observed that this truss 
consists of two pieces (the tie-beam and king-post) in a state of 
tension, and four (the two rafters and the two struts) in a state of 
compression ; and that in every well-contrived truss, however the 
| number of its component parts may be increased, every bar is in one 
or other of these states. Those parts which are in a state of tension, 
acting merely as cords to bind the truss together, may be and some- 
times are forméd of slender rods of wrought-iron; but the others, 
needing stiffness as well as cohesion; require bars of considerable sub- 
stance, aud are therefore mostly formed of wood or cast-iron. Some- 
| times the king-post is dispensed with, and its office ) mas by two 
| similar posts, called queen-posts, at equal distances from the centre of 
| the truss. In order to keep these in their right position, a short hori- 
| gontal beam, called a collar-beam, is inserted between their upper 
| extremities, and another, termed a straining sill, between their lower 
ends, This arrangement is explained by jiy. 11, which also shows the 


| 
¢ position of other parts of a truss, One side is represented as a gutter- 


roof, and the other with eaves. . + 
The auziliary or cushion rafters, m, m, are pieces occasionally added, 
in large roofs, to strengthen the principals ; and they, with the collar- 


| were, the keystone of the-arch, and being surmounted by a camber-beam, 
the upper edge of which is formed into two slightly inclined planes, to 
In such a roof, pieces - 
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wood ing ridge-pi are inserted at the angles formed by | ‘ Carpenter and Joiner’s Companion,'which illustrates the‘use of slender 
the cooler yd rafters with the horizontal. bars ‘that support the | king-posts and queen-posts of wroughtiron, and shows how the stress 


flat. 
Fig. 12, is a representation of a very simple truss, from Nicholson's 


Fig. 11. 


of every part of the roof may be brought to bear on the ridge. The 
lower ends of the struts rest in stirrups attached to the vertical rods 


aa, Wall-plates; 4, Tie-beam; ¢ ¢, Principal rafters; d ddd, Purlins; ¢ ¢, Pole-plates; ff, Common rafters; g, King-post ; 
A, Collar-beam ; ¢ ¢, Queen-posts; %, Straining-sill; 7, Struts or braces; mm, Auxiliary rafters ; m, Ridge-picce, 


and the weight bearing on the strut a is imparted, through } and ¢, to 
the king-post. The tie-beam is suspended by bolts from each of the 


Fig, 12. 
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vertical rods, and the ends of the rafters are secured to the tie-beam 
by iron straps passing round them, and bolted to the beam at d,d, 

Trusses on the same principle may be made of timber only. 

In curb roofs the upper rows of rafters are called curb-rafters, and 
the horizontal bars that receive the upper ends of the lower rafters, 
and the feet of the curb-rafters, are known as curb-plates. The proper 
position of equilibrium for the rafters of a curb-roof may be ascertained 
by very simple means, within the reach of persons not possessed of 
sufficient mathematical knowledge for determining it by calculation. 
If the rafters are to be equally loaded, as in a roof entirely covered 
with one material, this position will be exactly the reverse of that 
which they would take hy gravity, were they suspended in a chain or 
festoon, the joints being flexible. If they are framed together in this 
position of equilibrium, they will balance each other like the stones of 
an arch ; and the tie-beams, posts, and braces will have no other office 
to perform than that of resisting such irregular strains as might tend 
to alter their arrangement. The rafters thus suspended would fall 
into the position a) cde, jig. 13, a line drawn through the angles being 
a catenarian curve ; and a’d' cd’ ¢’,in the same figure, represents the 
re position in which they should be placed in an equally 

roof, If the rafters bc’ and ed’ are to bear a greater weight 


than a’ U and d’¢’, they will, if proportionately loaded when suspended 
in a curve, fall in such a way as to increase the angles abc andcde, 


asabede, fig. 14, the 
ot tion of equilibrium a’W/¢d'¢, This practical method of 
proper angles of a curb-roof may be applied under all cir- 
cumstances, the ions of the experimental bars being propor- 
tionate to those of the rafters, and their centres of gravity bei 


for chambers in the roof, such chambers being lighted by pier A 
windows in the lower inclined faces. When the trusses of the roof 


form partitions between the bed-rooms, their posts and braces are 80 


.arranged as to leave one or more doorways for communication between 


them, 

In roofs of very large span it is often desirable, in order to avoid 
running up to a great height, to form two or more ridges, When 
intermediate support can be obtained from partition walls, such con- 
structions may be regarded as combinations of two or more distinct 
roofs placed side by side. Fig. 15 is an example of a roof of large 
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Fig. 15, 
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span without any intermediate support, and having a large available 
space between the tie and collar beams. It represents the form of the 
trusses, which were placed fifteen feet apart, of a roof of eighty feet . 
span, erected over Drury-Lane Theatre in 1793, 

Tt is sometimes erg order to obtain additional height inside 
a building, to raise the tie-beam above the level of the top of the walls. 
In small spans this may be done by the simple arrangement called the 
carpenter's boast (A, fig. 16), in which a firm union is effected between 
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the beam and the rafters without the use of nails or pins. Such a roof 
can.only press injuriously on the walls by the rafters si into a 
concave form, which however their lower ends are very liable to do, 
In such a case additional strength may be obtained by inserting a 
longitudinal truss, as in B, jig. 16, where c represents the end of the 
truss, which should be firmly built into the gables: d and e¢ are side 
views of two longitudinal trusses suitable for such a situation, the first’ 
being stiffened by an arch of iron notched into the short vertical 
pieces, and the second formed of timber only. Similar trusses are 
qranty Guampgiional ‘y:She css af'parsbollcoxvel eae aESaaOOu® 
greai e use 0 ie curves 0} notched 
into the rafters of each inclined face, rnd abuttin on the wall- lates, 
which in such a case are firmly bolted together. timbers of such 


piece, and the ridges being screwed or otherwise firmly connected 
together. ‘The curves may be cast in short segments, as are com- 


ROOF, 176 


in fig. 17, and held together 
timber can be obtained it is 
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number of joints. For small roofs 
uired form, as it is found that a piece 


“ 


consisting of two pieces, one 
it and the beam, and fastened by 


posts by means of straps, so arranged as to allow the beam to be keyed 
up to its true position in case of the roof sinking. When this is not 
the case, the ties are sometimes drawn up into a slightly convex or 
cambered form, to meet the same contingency. Height may be gained 
inside a building by disposing the timbers as in Jig. 20, the want of a 


Fig. 20, 


continuous tie-beam being compensated for by an iron strap to unite 
the ties to the bottom of the king-post at a; but it is evident that the 
safety of the plan must depend wholly on the straps, which alone 
counteract the outward thrust of the TS. 

In roofing a church with a nave and side aisles, the continuity of 
the tie-beams may be dispensed with, intermediate support being 
obtained from columns. It is however necessary to guard carefully 
against =} lateral strain to the columns, 

Many of the high-pitched roofs of old Gothic churches and halls are 
very ingeniously contrived, but they often throw great pressure on the 
wih; owing to the absence or elevated position of the ties; thereby 
rendering very solid walls and buttresses necessary. The Norman roof 
is an ingenious but complicated contrivance for the construction of 
roofs of large span with small pieces of wood. Fig. 21 shows this 


Fig. 21. 


arrangement, in which all the rafters abut on joggled king-posts, of 
which there are several, their relative position ‘being maintained by 
diagonal braces. The timbers of this kind of roof are often left visible, 
being so carved as to have an ornamental effect. Such a roof may be 
made to exert very little injurious pressure on the walls. 

When the space covered in is of an irregular shape, it is, best to 
arrange the inclined planes of the roof in a similar manner to those of 
a rectangular building, leaving a level platform in the centre, corre- 
sponding to the plan of the inclosed space. Where the space covered 
is circular, elliptical, or polygonal, although the construction of the 
roof may appear more complicated to the eye, it is, in fact, simpler and 
easier than that of a aro building, the strain of the roof being 
more equally distributed. nearer a roof approaches to a circle in 
plan, the stronger it will be, the deriving that mutual support 

m each other which forms the distinguishing character of the dome. 
Domes of wood, of great size, have been made without trussing, simply 
by forming the timbers into curved ribs abutting on the wall-plates, 
which then form a circle, and are kept in their proper positions by hori- 
zontal circles framed with them at intervals. As the ribs approach 
the upper of the dome, the intervals between them diminish in 
width, to allow for which every second or third rib is discontinued at 
intervals, the ends of the ribs thus discontinued being received by the: 
horizontal circles, which may be compared to purlins, the ribs taking’ 
the of rafters. The wooden dome formerly existing at the Halle- 
aux Blés, at Paris, was a remarkably bold example of this kind, being 
200 feet in diameter, and having a opening in the centre. It was. 
built at the suggestion of M. Moulineau, and, having been destroyed 

fire, has been replaced by a similar structure of iron, but of ler 

ions. 

When the roof approaches the circular form, but not sufficiently to 
have the character of a dome, it may be considered as consisting of 
several trusses resembling those of an ordinary roof, but so contrived 


as to intersect each other in the centre; the king: being common 
to all the trusses, Fig, 22, representing a design for a polygonal roof, 
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ain Nicholson, . Mostrate this, ma am i in some of the Colonel _Emy, generally ng, had a of about 60 feet, A. 
ications of iron : « shows the form of Tceep by which the | sketch of one of them is opplaied (fg. 24) and a aceite ot 


are secured to the king-post; the post having as many faces, and 
the strap as many arms, as are trusses in the roof. 

Though the number of contrivances for the construction of roofs is 
very great, a8 niay be seen by reference to various works on Jer sore 
allusion ean here be made to only one or two others. An admirably 
simple plan for making a very flat roof is described in the 37th volume 
of the ‘ Transactions ' of the Society of Arts, in a communication from 
the inventor, Mr. Smart. The beams or rafters are cut, with a circular 
saw, as shown at a, fy. 23, while d represents their form when in use, 


& wedge being inserted between the ends of the parts that are elevated 
into a position. These may be raised to an ‘angle of 10° or ; 
12°, and will bear a great weight, as they cannot be depressed without $ Pe 
thrusting off the ends of the beam, or breaking the lower part of it by er 
tension. This is called, by the inventor, the bow ‘and string rafter, and |'t- © ‘ oa “7 
was used by him to support a roof at the Ordnance Wharf, West- ; = 
minster Bridge. Strong laths were nailed upon the rafters, and on these 
ae of bricks was laid in cement, the whole being covered with 

iles also bedded and pointed with cement, and +twice coated with hot 
linseed-oil. The cost of this roof is stated to be not more than half 
that of lead. 

About thirty years since Colonel Emy, of the French Génie 
Militaire, applied, on a large scale, the system of bending thin planks 
into arched ribs to support the rafters of roofs of considerable span, 
erected over riding schools and building slips, &c. ; and the system has 
also been applied in the construction of timber bridges for railways, 
with clear openings even of 133 feet. For the latter } the 
laminated timber arches have failed, on account of the entrance of 
moisture between the separate lamin, and the consequent rotting of 


the beams; but in roofs, or in other positions where the arches are | we yg 
not exposed to occasional efforts of a nature to cause the laminz to , < +3 
open, the beams do not rot, and there seem to be decided economical Fig, 24.—Riding School of Maroc, _ 
oe in Fraps yesan | of Colonel ee Ad ed It ne Peet de ae . : : i 
in in the Great Northern Railway Station in London, and in the | mode of putting the principals together is to be found te a 
station of the Baden Railway, at Freiburg, with success; in both | valuable *Traité de la Ch 00 ts ' “bi i eign aie 


cases the spans are not less than 100 feet; the riding schools built by | Colonel Ardant, also of the French Génie, has however published a 
: 7 oon sit ee ae 


Vig. 25.—Ardant's Roof. ‘Fig. 26.—Roof of the Riding School, Metz. ot 
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work under the title of ‘ Ktudes sur les Charpentes i ij : fo 
les Charpe grande portée,' in | tended to thrust out the side walls; 
ecm d agi that on A ee principals are not #0 advan- | actually Wasoll bs cates at ta Great Nordhern Rail vay S 
ter, propery framed, ad holed togethc Pe gear het | aa Tae eae ae nes ltd to the overizor 
» pe : J ‘ o eam ms é : k a Shae 

— of the bent timber ribs was considered by Colonel Redasit to | theme Bes foal of sais oS ee ng . 
the clasticty the hackeaume the straight line, ar, in other words, | no doubt very convenient and economical in 

’ ine gave rise to a considerable force which | considerations, therefore, ought alone to dete 
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man- | resists mainly efforts of compression. 
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Fig. 29,—~Terminus of Strasbourg Railway, Paris, 
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Fig. 30.—Terminus of Rouen Railway, Paris, 


have a deleterious influence upon them; and for this 
tized in 


cannot be whete the locomotives in steatn are likely 
er them. ‘ 
ot caloubSing the send joseaary athe eesons parts oF & 
und ; and in the ‘ Prificiples o! ata y the latter 
ee ears gies 
qui a ‘ to jig. 7; the 
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7? with the horizon, for a covering of: slates. The icatiitigs 
suited for yellow fir, and mittst be sotmewliat increased for tim re 
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seo re - an = nailed to the hes, oe tiles, = Sh mortar, and over-la) 50 
Span, | Tic-beam € Prinel Braces. | Purlins mon | |as to be of double thickness everywhere, make a 
| King-Post-| “Rafters. | Rafters. | | heavy covering. ‘Tiles of a peculiar form, called hipaa axe wast 
a TR Bee aE = covering salient angles; and guéter-tiles, which are similar to them, 
oy aoe weet 4x4 3hx2 8 x4 3hx2 but placed with the concave side upwards, in the valleys or 
22 | ohxs | 5x3 5x3 | ax: | sgxs | 3x2 angles, Slates are laid in various ways. They are sometimes na 
2 | 1WhxS | 5x3h | 5x3 4 x2h | 8x5 | 4 x2 down on a close boarding; or, if large, on battens, or pieces of wood 
| 96 | WbxS | 5x4 5x4 4yx2h | 8x5 4x2 from two and a half to three inches wide, and three-quarters of an 
|} 28 | 1x6 | 6x4 6x3 4x2 84 x5 ee inch to an inch thick, which are nailed to the rafters at intervals 
30 | 123x6 | 6x4} 6x4 | 4¢x8 9 x5 4px? regulated by the length of the slates, Lozenge-shaped page 


For the strength of different materials, under various circumstances, 
the reader may consult Marertats, SrrenctH or, As a general 
remark, it may be observed that oak, when éxposed to tension, is 
weaker than fir, and is therefore less adapted for ties. Being, however, 
Jess compressible, it is usually preferred for rafters, straining pieces, 
and struts; but Tredgold observes that its greater tendency to warping 
in summer renders it less fit for rafters and purlins than foreign fir. 
Cast-iron is not much used in the framing of wooden roofs, excepting 
for shoes, king-post heads, bolt-heads, and collars at the feet of 
struts and straining pieces. Wrought-iron is very useful for straps and 
fastenings, and also for ties and trussing-posts; but care is always 
necessary to guard against imperfections, which are more likely to pass 
unobserved than in wood. Wherever iron is applied, provision should 
be made for its expansion and contraction, and it is desirable to 
srotect it from oxidation hy painting. Though iron is far stronger for 
its size than any kind of timber, it is neither so strong nor so cheap as 
yellow fir, weight for weight, provided the spans of the roofs are 
moderate. 


The joints in the frame-work of a timber roof are of various kinds 
according to the nature of the strain they have to resist. They should 
be formed with great care, and with due regard to such probable 
changes of form as all constructions of timber are liable to from shrink- 
ing and Me 8 Cocking or cogging is the name given to that kind of 
joining in which one piece of timber, ina state of tension, is so attached 
to another that it cannot be drawn away without one piece breaking. 
Figs. 32 and 33 represent two methods of cocking the ends of tie- 


Fig. 32. 


Fig. 33. 


beams on the wall-plates, giving a — and elevation of each. In 
both figures a represents the beam, and / the wall-plate. In the first plan, 
which was formerly much practised, the contraction of the dovetailed 
end of the beam would allow it to be drawn considerably out of its 
place, and would therefore permit the walls to spread: but in the 
second the amount of contraction is diminished, owing to the small 
width of the rectangular tongue that enters the tie-beam, while its 
position is such as to prevent the beam being drawn out of its place 
beyond the actual extent of the contraction of the tongue. The 
shrinking of the joggles of king-posts and queen-posts is often produc- 
tive of serious rama 2pooady circumstance greatly in favour of the 
substitution of iron for wood for such parts, especially in large roofs. 
This inconvenience is sometimes avoided by making the upper ends of 
the principal rafters abut immediately upon other, as repre- 
sented in jig. 12. A similar arrangement is made, in some cases, 
“alge used, the king-post and rafters being 
be of low Spe is very injurious to the mortise-and-tenon joints of the 
struts an 


To guard 
French 


considered by some to maintain the most 
covered oy ee i 
of winter. 


‘the 


ionally used, and has an ornamental appearance, but 

injured, as there is but one nail through each slate. It is always 
laid on boarding. For what is called t slating the best aa 
slates are selected, and fixed without either boarding or battening, the 
common rafter being placed at such a wjdth as to come under the 
joints. The slates are screwed down, the courses over-lapping about 
two inches. The meeting joints are covered by fillets of slate about 
three inches wide, set in putty, and screwed down; and the hips ~ 
and ridges are sometimes covered in the same manner, though it — 
is best in all such cases to use lead. Patent slating, when well executed, 


is water-tight with as low a slope as one in six, In some districts i 
lamin of stone are used in lieu of slates or tiles. Shingles, which are _ 


like slates, but made of wood, were formerly much used in co 
pyramidal steeples, and in roofs of steep pitch. They are still used in 
the United States, and are usually laid on boarding, in a similar 
manner to common slates. 

Sheets of metal are very convenient for covering domes, and curved 
or angular surfaces generally ; and also for flat roofs, or such as have 
too little slope for slating. Lead is the most common material for 
such purposes, though copper, iron, tinned iron, and recently zine, are 
also used. Lead terraces or flats are commonly laid on boarding or 
plaster. The joints are sometimes soldered, but the most Br kc 
method is to roll or wrap the edges into each other, making allowance 
for expansion and contraction. A fall of a quarter of an inch in a foot 
is sufficient for surfaces covered with sheet metal. 

Cements of various kinds have been applied to the formation of 
roofs, and in some cases with success, though they have often been 
found to crack, and thereby become permeable to water. Mixtures of 
tar with lime, sand, gravel, ashes, &c., have been recommended; and 
asphalte has been applied to this purpose, apparently with great 
advantage. Compositions of tar, resin, and similar substances, spread 
upon sheets of coarse paper, have also been used. 

(Nicholson, Architectural Dictionary, Practical Builder, &c., &e.; 
Tredgold, Principles of Carpentry ; Robison, Mechanical Philosophy ; 
Rondelet, Art de bdttir.) : 

ROOT. The mathematical use of this term has gradually been 
extended, until it may be defined as follows: every value of an 
unknown aga Fbetong satisfies a given equation is called a root of — 
that equation. us, 2,1, 1+4/(—3) and 1—/(—3) are the roots, 
and all the roots, of the equation 


at= 5a — 122 + 16r—8, 


since they are the only algebraical formulz and arithmetical numbers 
which satisfy it. On this general use of the term root, see THEORY oF 
Equations and Invo.urion, 

The more common use of the term root is as follows: the seventh 
root of 8 is the incommensurable fraction whose seventh power is 8, or 
the solution of the equation #7=8. There are altogether seven such 
solutions, one only arithmetical, the others of the form a+b,/(—1); 
the method of obtaining the arithmetical solution has already been 
discussed in the article InvoLuTion; the importance of the SquaRE — 
Roor will justify its consideration in an article apart. We reserve for — 
the present article the method of finding and using any root (in the 
common sense) of any algebraical quantity. 

Every algebraical result is of the form a+b/(—1) at widest, or 


may be reduced to that form. Here aand 6 are meant to be real 


algebraical quantities, that is, reducible to positive or negative whole 
numbers or fractions, commensurable or incommensurable. Thus, if 
6=0, we have the simple real enya a; if a=0, we have the simple 
impossible sr ay Re ete It is indi it, as to the present arti : 
in what light the impossible quantity /(—1) is considered; whether _ 
{ALcrpra] upon that extended em of definitions which makes 
it explicable and rational, or upon the more common system in which it 
is used without such explanation ; for we are now merely consideri 
all algebraic formule as results, subject to certain laws by which 
their use is to be regulated, and without any reference to inter- 
pretation, When we desire to consider only the arithmetical root of 
an arithmetical quantity, we shall use the bols /, 4/, 4/, &e., but 
_ exponential fractions 4, }, }, &c., will denote any one of the ) 
braical roots of a formula, Thus »/16 means simply 4; but (16)! is — 
an ambiguous symbol standing for either +4 or —4, And when we 
have an equation which presents an ambiguous formula equated to 
an fnambiguous one, we mean that the unambiguous side of the 

uation is one of the values of the ambiguous one: in this sense — 
a =(—1+ y(—3)), When we use the simple arithmetical symbol 

efore an algebraical quantity, as in (—3), we merely 

re i two values of (—3)! are distinguished into 
and — ./(—3). 


mean to— 
++/(-8) 


Let us now take a quantity of the form a+b.(—1). Assume 
r cos @=a, r sin @=b, which gives 
j ‘ b 
r= tV(F+e) tan @= >. 
Let us choose for r, which is called the modulus of the expression, 
amre welt V(2+a"). We can then always make the angle @ 
give 


a+b (—1)=r cos 0+r sin @ V(—1)..... (1) 

true. If a and } be both positive, @ must lie between 0 
and a angle, or between 0 and 4x a ocey peak mae 
t @ must lie between jx 2: if b be positive and a 


negative, @ must lie between 4 and =: and if beth be negative, @ must 
lie between x and }+. Thus reducing angles to degrees and minutes, 


243y(—1)=V13{cos 56° 19 +sin 56° 19’. y(-1)} 
—243-(—1)= V/13{ cos 123° 41’ + sin 123° 41’/(—1)} 
2~3V(—1)= ¥/13{ cos 303° 41’ + sin 308° 41’ /(—1)} 
—2—3 V(—1) = /13{ cos 236° 19’ + sin 236" 19’ /(—1)} 


; if we take @ to satisfy (1), 
itaCGtmutteesws; °°. 


a+by(—1)=r{cos (0+ 2ke) + sin (0+ 2k). V(—1)}.... (2) 


for all integer values of & positi negative, but for frac- 
tional value of & whatsoever. This at ted Baa of 
pers od should be familiar to every student who 
multiplication makes it obvious that 
{cos x+sin x. V(—1)} {eos y+sin y y(—1)} =cos (x+y) + 
sin (x+y) ¥(—1) 


t cos #+ 


for all real values of « and y; so that if we 
ow in Bryomtan 


sin x. y/(—1) by nx we have nx x ny=n(x+y). 
Turores it is proved uation cannot be universally true 


that this 
without consequence =n(nz), for all values of n, 
racer tediieh pocitive se naire, We hove then : 
{cos 2+ sin 2 /(—1)}*=cos nx+sin nx. V(-1).... (3) 
which the De Moivre's Theorem. It i 
aot ot the Langa ery name of vre's t is 
tn abd be required to raise the ath power of a+6./(—1), 
rn pl fractional - rh ik a momen’ 
case power, performing operations, 
taking the reciprocal of result, Reduce a+6./(—1 ii 
ce hae. Prnandhoer 7a elma See » 
° r {cos (0+ 2k) + sin (@+2ke) . ¥(—1)}, 
whence {a +b/(—1)}* is {rn(@+ 2ke)}* or r*n(nO + 2nkx), or 
fat+bv(—1)}* 
=r* {cos (nd + 2nke) +sin (a0 + 2ukx) . V(—1)}, 


yr grr bern yp ah gene 


E 


ghee number, 
— f{atby(—1)}*=r* {con 20+ sin nd. «/(—1)}. 

Next, let » be a fraction in ite lowest terms, and, choosing an example, 

say n= 5. Let us examine all the values of k, from k= —5 to 

k= +5, making a, =O + 2ake, 

: 4. 82 4. %& 


A= 5° 8, A= 3°-3* 4-3= 5° 5” 


4 8 4 7 8 
a, = 3°-3” Ag= 3% 4,= 3? + 5% 


16 4 24 4 32 4 
tel) As= Bot FM WROt B% As=5o + Se. 


Here it would seem as if from this set of wisn ens 


Ay = $04 


g33 
23 
t 
hf 
z 

3 

2 

e 

2 

z 


are A_, and A,, nor A_s and 4,, nor A_s and 


Also it will be found that for every value of & 

Akt+5, Ak+w, Ants, &e., ; 
are all angles which differ, each from its predecessor, by 2; so that — 
there are but five distinct angles in the whole series, which may be 
found by taking Ax, Ar+1, Arye, Acts, and Ay,4, with any value of 
k positive or negative. And generally, if x be a fraction whose deno- 
minator (when the fraction is reduced to its lowest terms) is g, it will 
be found that there are g distinct values of {a+b./(—1)!* and no 
The most important cases are those in which r=1, or a? + ?=1, in 
which cos @+ sin @./(—1) may represent the expression. -And of this 
particular case, the most important more particular cases are 


@=0 cos @+sin 0./(—1)=1 

@="7 cos 0+sin 64/(—1)= —1 

@=4x cos 0+sin 04/(—1)= ¥/(—1) 

@=}e cos 0+s8in @/(—1)=— -V(—1) 
Of these again, the two first are the most important. 


Let u»=1: 4, and let the question be to find the g gth roots 
of 1, Putting unity in the form cos 2kr+sin 2. +/(—1), all 


these roots are the distinct values of cos = sin = y(-1) 


A,, Dor A_, and a,. 


Qe! 82 Oe k 
or { cos q +sin ZO} . . . 
r La 2 

Let cos — + sin — . /(—1)=a, cos — —sin —. (—1)=8. 

Then a8=1, as will be found by multiplication, and at =g-*: 
at =att1—g-**te, since at =1. Consequently, since the series of 
ers of a, positive and negative, are successions of gth roots of 1, 
series of powers of 8 will be the same; and we may therefore 
these roots at convenience from either series, or partly from one 


partly from the other. Thus, if we would have the ten tenth 
of unity we may form them in pairs, as follows :— 


a” and p° 


HF 


Fu 


5 2.07 . 2.0r 

give cos —jp- sin To” V(—)) both=1 
2e 2r 

To To Vi—-)) 


4a 
To V(-D 


a' and B' ora? . . cos + sin 


@and #ora. .cos 7, tf sin 
6x 


6x 
+ C08 Fp To v(—1) 


8 
Te V1) 


@ and # or a . + sin 


at and Bfora®. . cos + sin 


10 
10% 10 1 
a and Bora’. . cos yy tin yg V(—1) both = —1 


Of, these gag barca bore Se See ne the ten tenth 
roots required. way the wing theorems may be easil 
y y 


ie e racoaclaapcee s § unity are +1, —1, and the 2m—2 quantities 


2k kr 
cos 3, ot sin 5 V(—1) 


for all values of k, from k=1 to k=m—1, both inclusive. 
2. Fis (2m+1)th roots of unity are 1 and 2m quantities con- 


2ke 2ke 
© Sati £8" Say V—)) 


for all values of k, from k=1 to k=m, both inclusive. 

3. If « be one of the roots of unity, pv’, w,.... are also gth 
roots, but do not contain all the ¢ roots, unless « be made from a yalue 
of k which is prime tog. Thus, if g=12, and k=1, we get 


2 i 
a=cos 7g + sin Fg V(—1) 
list of roots is complete in 1, a, a’, a’,.... a", and a® is 1, a 
&e. 


a, 
But if we make k=8, or take a® for u, we have 
w=a%=a'l, w=a4=1, p=" =a5, we =a%=a', ke, 
so that we get no roots from this series but a°, a‘, 1, which are only 
the three roots of 1 (cube roots are among twelfth roots), But 
choose a® (5 is prime to 12) and its successive powers are a’, a", a or 
a® or a, a™ or a®, a® or a", a or a, a® or a, a™ or a’, 
a, a® or 1, after which the series recurs in the same order. 
If m be any factor of q, all the mth roots of unity are among the 
roots. Thus, if q : m=v, and if a be the first of the series of gth 
roota, the mth roots are a”, a*’,....a"° or 1, For (a*)" =a™ =a! =1, 
All those powers of a which have ts prime to g, may be 
called primary qth roots of unity; thus primary 12th roots are 
a, a, a, a", 
N 


- 


—_—_—_——- 
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5. The gth roots of unity exist in pairs of the form cos ¢+ «in ¢ | site entanglement is produced by twisting, which causes the fibres to 
v(—1). phony fo a Ean pink ol Ae 5 pe | fed ress each other; and it not enables .the ropemaker to 
oe. be. produce cordage of any required length, but also, by making the zope 


Let the question now be to find the gth roots of -1. If we now | 


—1= 00s (w +2ke) +sin (x + 2k). /(—1) ’ 
we have all the gth roots in the distinct values of the formula 
eve. Gre 

q 
Let a=cos = +sin = 4/(—1), then the gth roots required are a, a, 


@,....e"-1, with k=0, and ending with t=q—1, Thus, 
if be any one root, all the odd powers of » (positive or negative) are 
also roots, but do not contain among them all the roots unless the 
value of 2+1, from which » is derived, be prime to g. Thus if g=15, 
aml if «= a’, we have (since a” =1) 


pee, p=a%=—1, W=a%=a3, P=at=a", yw =a=a!; 


~V{—-1). 


uJ 
(-—1)* = cos 


get, from the powers of a’, the distinct roots a®, a*’, 
—1, 2, a, w are also the fifth roots of —1. But if 24+1 be 
eae tee the gth roots of —1 may be obtained from », And 
if m be any factor of g with an odd quotient, all the mth roots of —1 
are among the roots, Also these gth roots occur in pairs of the 
form cos ¢ + sin ¢./(—1), the pairs being a and a, a3 and a*-3, 
&o., ora a, @ and a, &e. 

‘very gth root of —1 is one of the (29)th roots of +1, and the 
(29)th roots of +1 consist of all the qth roots of —1 and all the gth 
roots of +1. 

The following equations will also be easily proved ; 


(2k + §)r 


es that we on! 


{V(—}¥ =c08 SEY™ sin SEYF Y(t); 
{—Vi-D}F coe EDF sig SEED 1), 


As it is not our object here to write on the applications of these 
formule, but only to supply an article of reference for those who may 
have forgotten or imperfectly learnt the groundwork of this very 
important branch of analysis, we finish here, referring to Serres for 
ee er as fall within the plan of this work. 

ROPE 


side, fastened together at each end, so as to form a 
; but, as the fibres of hemp do not, on an average, exceed 


bundle or sk 


and compact, increases its durability, and enablesit to resist the 
etration of water, which would impair its strength, While 

owever some d of twist is absolutely essential to.the cohesion of 
a rope, any twist beyond that which simply prevents the fibres being 
drawn out without ing, is injurious, A skein of fibres, or a rope, 
may be twisted so hard that any further attempt at twisting would 
break it ; and such a skein will evidently have no power to a 
weight, each fibre being already strained to the utmost extent it 


ing the rest, may be considered the same as a weight 
fibre, and must be subtracted from its absolute é 
useful effect can be ascertained; the available strength of “en ine 


will bear. In fact, whatever force is exerted by any fibre in co: 
0 on that 


which may be considered as the . 
small cable. The cablet a@ may be untwisted into three smaller 
ropes,  ; untwisting either of these in the opposite direction, we find 
it to consist of three smaller ropes, ¢ ; each of these may be t 
into several small strings, d ; and each of these consists of several 
distinct fibres of hemp, ¢e. Thus several fibres form a yarn, several 
yarns a strand, three strands a rope, and three a cablet, 

With jig. 2 as an illustration, we may briefly describe the hand 


Fig. 2.—Rope-yarn Spinning. 


method of rope-making. The first process consists in twisting the — 


hemp into thick threads, 


ground 600 feet or more in length. go ee ee rati 


end of this ground a spinning-wheel is set up, which 
band to several small rollers or whirls. Each whirl ene small hook 
formed on the end of its axis next the walk. 


his fingers, he attaches them to the hook of a w The whirl being 
now set in motion by turning the wheel, the skein is twisted into a 
rope-yarn ; the sp’ walking backwards down the rope-walk, 


eh ea 
porting the yarn with one hand, which is protected ‘a wetted piece 
of coarse cloth or flannel, while ‘with the cther he tes the quan- 
tity of fibres drawn from the bundle of hemp by the revolution of 


yarn. The degree of twist de 


FF 


ds on the velocity with which 


wheel is turned, combined with the retrograde of the spinner, 
Great care is n in this operation to make the yarn of uniform 
thickness, and to supply the hemp equally from both sides of the 


bundle ; because, if a considerable body of hemp be supplied to ; 


4 


that is becoming too thin, it will not combine with it, 
will form a loosely connected per; and any i Arora 
mentioned particular will cause the fibres to bear the 


i 
t 


- 
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The best mode of supplying the hemp is in the form of a thin flat 
skein. When the spinner has traversed the whole length of the rope- 
walk (or sooner, if the yarns are not required to be so long), another 
' detaches the yarn from the whirl, and gives it to a person who 
carries it aside to a reel; while the second spinner attaches his own 
hemp to the whirl-hook. The hemp, being dry and elastic, would 
instantly untwist if the yarn were now set at liberty. The first 
spinner therefore keeps fast hold of it all the while that the reeler 
: coal 


winds it up, gee, Conte up the walk, so as to keep the yarn equally 
en it is all wound up, the spinner holds it until 


wound on a reel as they are made, the yarns are laid together in large 
hooks attached to posts at the side of the walk until about four 
hundred are collected together, when they are coiled up in a haul or 
skein, in which state they are ready for tarring. 

The common size of rope- is from one-twelfth to rather more 
than one-ninth of an inch diameter; 160 fathoms of white or untarred 


bination is necessary to the complete penetration of the whole substance 
The most common method of tarring the yarns is to 


iperfluous tar being taken off by 
jg Sanaa a hole surrounded with spongy oakum. 
care is required in this process that the tar may boil neither too 


the yarns be well 

covered. _ 
In making large , it is not tual to twist together, at once, as 
many as Wo! to form a rope of thé required thickness ; 
a number of yarns, frequently from to twenty-five, are 


formed into a strand, and three or more such strands are afterwards 
combined into a rope. The twist of the strand is in an opposite 
direction to that of the yarns of which it is composed; in order that, 
as before mentioned, the tendency to untwist in the individual 

may be counteracted, and taken advantage of to prevent the untwisting 
of the strand. In closing or la: the rope, t! strands, or some- 
times four, (in‘which case a central strand or heart is added) are 
stretéhed at length along the walk and attached at one end to separate 
but contiguous hooks, and at the other to a single hook ; and they are 
twisted together vest the single hook in a direction contrary to 
that of the other three. piece of wood called a top (see fig. 3), in 


Fig. 3,—Laying a Rope. 


the form of a truncated cone, is placed between the , and kept 
the whole operation forced into the 6 formed by the 
, where they are united by the closing or t' of the rope, 


As the shortens in closing, one end only of the apparatus is fixed, 
io being on a moveable sledge, woes motion up the ropewalk 

is capable of regulation by suitable tackle attached to it, or by loading 
it with weights. The top also is mounted ona sledge, for closing large 
cordage ; and its rate of motion may be retarded, in order to give 
eos terra to the twist of the rope. The art of the ropemaker, 
this operation, consists in so regulating the various movements that 
the strands may receive separately at one end just as much twist as is 
taken out of them at the opposite end, by their twisting the contrary 


phe of combination. 
is 


method, more or less modified by the kind of machinery 


employed, of forming a shroud-laid or hawser-laid rope; and such 
appears to have been the whole process of rope-making until cordage 
of very large size was called for by the progress of navigation. In 

such it was not found advisable to increase the number of 
yarns in a strand ; it being difficult, when their number is very great, 
to throw an equal strain upon each, and thereby obtain their aggregate 
strength. To obviate this inconvenience, cables, or such large ropes 
as are said to be cable-laid, are formed by the combination of smaller 
ropes twisted round their common axis, just as shroud-laid ropes are 
composed of strands twisted round their common axis. As cable-laid 
ropes are harder and more compact than others, this mode of forma- 
tion is adopted for ropes to be exposed to the action of water, even 
though their thickness may not be very great. 

Ropes formed by plaiting instead of twisting are made use of for 
some purposes in which pliability is especially needed; they being 
more supple and less liable to entangtement than those of the ordinary 
make, Such ropes are preferred for sash-lines, clock-lines, &c., and 
generally where the rope has to pass over pulleys of small diameter. 

PO gee Bape the yarns composing a strand were selected of the same 
length. This arrangement was defective, as it is evident that when 
a number of yarns are stretched at length in a cylindrical mass, they 
will lie at different distances from the centre of the cylinder; so that, 
when twisted together, as all the yarns must form spirals of the same 
number of turns, those which are near the outside, forming spirals of 
large diameter, will be stretched to their full extent; while those near 
the centre, forming spirals of smaller diameter, will be less shortened 
by the process of twisting, and must therefore be more or less 
puckered up, according to their proximity to the centre of the mass. 
The first successful attempt to remedy this defect by varying the 
length of the yarns according to their position in the strand, was 
that under Captain Huddart’s patent of 1793; since which time many 
further improvements have been effected in this essential point. 

This brings us to notice briefly the application of machinery to rope- 
making, which may be said to have begun about the year 1783, and 
to have been the subject of numerous ingenious inventions since that 
date. One series of machines relates to the combining of the hempen 
fibres into yarns ; another to the twisting of yarns into ropes; while 
the more complex kinds include both of these actions, Mr, Lang, of 
Greenock, was the first to produce successfully machine-spun yarns, 
intended to get rid of the irregularities and defects of those formed by 
hand. By his process the hemp is more completely heckled, or divided 
into fibres, than in the common mode of proceeding ; and the 
advantage of each fibre being laid at full length in the yarn, instead of 
being doubled, as in hand-spinning, is ensured. By a modification of 
the usual process, the fibres of hand-spun yarns may be laid in at full 
length, instead of being doubled, as when they enter the yarn by their 
bight ; but experiment has not shown any great advantage from such 
a mode of spinning. That some improvement in this operation was 
needful, coax Or inferred from = poraly of a comparison between Mr. 
Lang's machine-spun yarns and those of equal grist spun by hand; 
the result showing the strength of the former to pat g the Iatter by 
fifty-five cent. Mr, Sherman, of Liverpool, patented a method of 
rope-making intended to obviate the necéssity for a long shed or rope- 
walk. The machinery comprises rotating tables with hollow shafts or 
axes; spindles project from the surfaces of the tables; bobbins are 
mounted on the spindles; and hemp is wound on the bobbins, The 
number of bobbins depends on the number of yarns and strands. The 
ends of the yarns are through holes in a draw-plate beyond the 
hollow shaft of one table, then through the hollow shaft, then through 
another shaft;.and soon. The yarn from each bobbin thus becomes 
twisted round that of the other bobbins on the same table; then round 
the similarly twisted strands of another series; and then of a third. 
The finished strand or rope is drawn from the tube of the last 
table, and is wound upon a reel ready for use, A modification of this 
planetary system, as the inventor calls it, suffices for twisting the 
strands into a rope. 

Captain Huddart’s rope-making machinery, above adverted to, is 
very ingenious. In order to get rid of the unequal strain upon the 
exterior and interior of a rope, Huddart saw that the outer yarns of 
every strand ought to be somewhat longer than the inner, to com- 

te for the greater circumference round which they have to turn. 

is he accomplished in a beautiful way. Bobbins are arranged in a 
skeleton frame, each poised on a pivot and loaded with yarn; the 
number of bobbins depends on the thickness of the strands to be 
made. The ends of all the yarns are passed through an equal number 
of small holes in a plate, and combined into one close group, which is 
slightly pated g by passing through a tube, and then wound on a 
reel. The mechanism between the plate and the reel rotates on a 
horizontal axis, thereby imparting a twist to the assemblage of yarns. 
The free rotation of the bobbins, the arrangement of the holes in the 
plate, the position of the tube, and the velocity of revolution—all 
combine to produce a strand of any desired hardness of twist, without 
undue strain upon any of the yarns. The strand thus produced is a 
smooth uniform piece of cordage, varying in thickness according to the 
size of the rope to be made ; for a 12-inch cable, the strand is about an 
inch thick and contains 80 yarns. Being worked by steam power and 
having facilities for renewing the bobbins as they are exhausted, this 
machine can produce a rope any length. 
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The strength of twisted cordage has been made the subject of 
tunierous experiments. Réaumur, early in the last century, found 
that a well-made small hempen cord broke in different places with 58, 
63, 67, and 72 Ibs., its mean breaking weight being 65 Ibs. ; while the 
three ‘strands of which it was composed bore 294, 334, and 35 Ibs. 
respectively ; so that the united absolute strength of the strands was 
98 Iba, although the average real strength of the rope was only 
65 Ibs, showing a loss of strength from twisting equal to 33 lbs. It 
appears that the cord used by Réwumur was of ve: unequal quality, 
as another portion of it broke with 72 lbs., while its s bore 
separately 26, 25, and 30 Ibs. ; which shows the diminution of strength 
from twisting to have been from 84 to 72 Ibs., the loss being in this 
instance only 12 Ibs. The later experiments of Sir Charles Knowles 
indicates a diminution of strength nearly equal in amount to the first- 
mentioned of Ré He found a white or untarred rope of 
2 inches in circumference break, on an average of several trials, with 
4552 Ibs.; while the aggregate strength of its yarns, which were 72 
in number, and bore on an average 90 Ibs. each, was 6480 Ibs, ; the loss 
being equal to 1928 Ibs., or about 30 per cent. Duhamel endeavoured 
to ascertain what degree of ,twist would produce the most useful 
effect. He caused some ropes to be made, so that only one-fourth 
of the length of the yarns was absorbed in twisting, instead of 
the usual proportion of one-third. These ropes were tried in shipping, 
and found to be lighter, thinner, and more pliant than those of the 
ordinary make. The following statement shows the comparative 
strength of ropes formed of the same hemp, and the same weight per 
fathom, but twisted respectively to two-thirds, three-fourths, and four- 
fifths of the length of their component yarns :— 


Degree of twist. Weight borne in two experiments. 
4098 lbs. e 4250 Ibs, 
4850 6753 
4 6205 7397 


The result of these experiments led Duhamel to try the practicability 
of making ropes without any twist, the yarns being wrapped round to 
keep them together. These had great strength, but very little dura- 
bility, the outer covering soon wearing off, or opening at bendings, so as 
to it water, and occasion the rope to rot. But while such untwisted 
skeins of rope-yarns, or salvages, are unfit for most of the purposes to 
which cordage is applied, they are used with advantage for the tackle 
of great guns and some other purposes for which the greatest strength 
and pliancy are required. The usual reduction of length by twisting 
is one-third ; this applies to shroud or hawser-laid ropes; those which 
are cable-laid are further shortened, so that 200 fathoms of yarn are 
required to make 120 fathoms of cable. Ropes formed in the common 
manner, with three strands, do not require a heart, or central strand ; 
because the angles formed by the union of the three cylindrical strands 
are so obtuse that the pressure of the operation of laying or closing 
the rope causes the strands to fill them up completely ; but when 
the number of strands exceeds three, a heart is essential to keep them 
equidistant from the axis of the rope, and to fill up the vacuity that 
would otherwise be left by their not meeting in the centre. The heart 
can however add very little to the of the rope ; as its fibres lie 
much straighter than those of the outer strands, and, not being able 
to extend with them when the rope is stretched, are soon pulled 
asunder. The following simple rule for calculating the strength of 
ropes is given by Robison:—Multiply the circumference of the rope 
in inches by itself, and the fifth part of the product will express the 
number of tons the rope will carry. For example, if the rope be 
6 inches in circumference, 6x 6= 36, the fifth of which is 7}, the 
number of tons which such a rope will sustain. The following rules 
for calculating the weight of cordage may also prove useful:—To find 
the weight of shroud or hawser-laid rope, multiply the circumference 
in inches by itself, then multiply the product by the length of the rope 
in fathoms, and divide by 420, the product will be the weight in 
ewts. Example: to find the weight of a 6-inch hawser-laid rope, 
120 fathoms long, 6 x 6=36 x 120= 4320, which, divided by 420 gives 
the weight of the rope, 10 ewt. 1 qr. 4 Ibs. Again: to find the 
—— of eable-laid condlege, multiply its circumference in inches by 
itself, and divide by 4. The product will be the weight, in cwts., of 
a cable 120 fathoms long; from which the weight of any other 
may be readily deduced. Example: required the weight of a 12-inch 

, 120 fathoms long; 12 x 12=144, divide by 4, and the product, 
eh A oan in ewts. 

r. , master ropemaker at Deptford Dock: in a 
treatise recently published on this subject, gives the flowing ames, 


oy a bor eed certain kinds of rope or line as usually made 
Kinds, Length. Weight. 

Deep sea lines . . . . + 120 fathoms 36 Ibs. 
” ” 34 
” ” 32 
” , ” 28 

Hand lead lines. . . «« 20 4 

Hambro’ lines, 12 threads . . « 23 3 
" M ” ” 2 
” ” ” 1 


Kinds, Length, 
Fishing lines ° . ° ee 
” ” 
” ” 


Samson ‘lines ° . . . - 30 
” ” 
” ” 


” ”» ; 
Loglines . a . ° > cs Be lto3 
Marline . . . . . + 12 skeins 4 
Sewing twine * . ° oo Meow 8 tod 
Reefing twine . . . . - 24 45 &§ to 9 


Much of the cordage used on shipboard requires the of 
serving before it is fitted for its work. This consists in binding a 
smaller rope very tightly round a larger one, to e it from rot- 
ting after friction. It is done as shown in fig. 4, where a horizontally- 


Fig, 4,—Serving a Rope. 


stretched rope is being “served” or covered with spun yarns, A 
mallet, having a concave groove on the side furthest from the handle, 
is laid on the rope; two or three turns of spun yarn are 

tightly round the rope and round the body of the mallet. boy 
passes a ball of yarn continually round the rope; while a man winds it 
on by means of the mallet, the handle of which serves as a lever to 
enable him to strain every turn as tightly as possible. The yarn thus 
appears like a screw whose threads pass almost transversely round the 


rope. 

‘All the ropes hitherto described are round or cylindrical; but Fd 
ropes are also made, any for mining purposes. They are either 
formed of two or more small ropes placed side by side, united by 
sewing, lapping, or interlacing with thread or er ropes; or of a 
number of strands of shroud-laid rope similarly united. In either case 
it is n that the component ropes or strands be alternately of a 
right-hand and left-hand twist, that the rope may remain in a quies- 
cent state. The latter method of making flat ropes was first patented 
by Mr. Chapman, in 1807; and he considered it to afford the strongest 
possible combination of rope-yarns, his belts or flat ropes appearing to 
be even stronger than salvages (which are skeins of rope-yarns without 


Fig, 5.—Flat-rope Making. 


any twist) of the same number of yarns. This see! rscrat pant 
is occasioned by the imperfection of hand-spun any eee if 


. 
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‘its own strain unaided, it will break at its weakest part ; 
combined, the mean strength of each will be rendered avail- 
's flat-rope machine, of more recent invention, is shown 
7 injfg. 5. § ing four round ropes be needed to make one 
rope Seate tas fq dhaced that thu amex back edi freon them 
w facility, and pass side by side through a steam-heated box, 
where the tar becomes a little softened, and the ropes more easily 
They next pass through a groove or recess closed in tightly 
,and sides, except holes at the sides to admit 
i inted rod of steel, is then forced 
four ropes, by leverage produced by 
man immedi passes a needle and thread 
Two piercers are employed alternately, one on 
making holes as fast as two men can introduce needles and 
L here spoken of is sometimes yarn as much as 
_ half an inch in thickness, requiring great force to draw it tightly. 
Much attention has rors ert the barat of the best 
7 of preserving ro mn y, especially when exposed to 
_ the action of water. erhe operation of tarring, paeh bee eet See 
universally ised for this purpose, effects it very im y; 
_ materiall, ini {iis stivagiht of tha contents: raking the maean 
ts by Duhamel, it seems that untarred ropes bore 
30 per cent., than those to which the tar- 
been applied ; and he states that it is decided by 


ordinary injuri 
Notwithstanding these facts, it is found that for cables and 
which are much exposed to the alternate action of 
water and air, tarring is a valuable preservative; though cordage that 
jally tarred is said to be stronger than such as is tarred 
and better able to bear the alternations of wet and dry. 
removal of the defects and bad qualities of common tar was the 


tar, first, “ by the tar in water one or more times, each of 
which extracts a of its tt acid, and its mucilage, 
which contains a di ed acid ;” and, secondly, “ by continuing these 


oil, and becomes more pitchy than usual ; 


tion of suet, tallow, animal oils, or suitable expressed " Of the 
' advantages attending this an idea may be formed from the 
subjoined statement of the relative strength of the cordage without 
and with Chapman’s purified tar, The rope 
each strand; part was tried immediately, 
in water for about three months, then removed to 


any tar, with common tar, 


Portion of original 
Description of Rope. strength retained. 
White . . . . . - « &7 per cent. 
Common tarred. . .- « « 3830 ” 
Tarred with purified tar . . . « 433 


Sir Joseph Banks had some ropes tarred with ny edhe ta as (bod 
experiment, and found them to be one-third stronger than those done 
with common tar. cor ce hn A cag hse berg toads Bod 

, but without realising any decided advan The 

tion in ki and a solt' of caoutchouc, have also 
been tried as preservatives; but common tar still continues to be the 
chief substance used for this 


rvne 


for cables and cableta ; Italian hemp for bolt rope and breec! 3 
aide halle oad . To make Petersburg hemp 
into No. 20's, the hemp is given to the hatcheller in bundles of 70 Ibs. ; 

out 7 Ibs. of shorts, and gives 63 lbs. of heckled hemp to the 

, Who spina it into 18 threads of 170 fathoms and 34 lbs. each. 

Riga hemp into No. 25's, the aa is given to the hatcheller 

in bu f 56 lbs.; he takes out 5 Ibs, of shorts, and gives 51 Ibs, of 

heckled spinner, who spins 18 threads of 170 fathoms 

and Italian hemp, 16 Ibs. of shorts are taken 

out agp. Sqdng are made up into 

bands to size of the yarns to be 

_yards, pertain patehaiice: wheal 

, many parters, .w - 
turners, for each ton of hemp. 

We as the material employed ; 

— le fibre have been made use of 

‘ some appear greatly to exceed 

tive trial made tt Pavia between 

from Algiers, the latter was found 

while the former, of equal size, bore only 


about one-third as strong as the best hempen cordage of the same size. 
Ropes composed of fibres of hemp intermixed with threads of caout- . 
choue are very valuable for some purposes, owing to their superior 
strength and elasticity. Their power of bearing sudden jerks without 
injury is a highly important property. Such a rope was used with 
the grapnel or anchor of the great Nassau balloon, and was found to 
arrest the balloon without any unpleasant check when the grapnel 
coment Ropes made of thongs of ox-hide twisted together are used 
in the rope-bridges of Peru, and for some other purposes. Coir or 
cocoa-nut fibre has lately been much used for this purpose, owing to 
the high price of Russian hemp; it wears well, weighs little, and is 
cheap; and is useful for hawsers and warps owing to its great 
elasticity. 

rire Ropes.—Iron is the substitute which is now engaging most 
attention. Ropes formed of this metal are found to effect a great saving 
of expense from their durability and superior lightness. From a paper 
communicated by Count Breunner to the British Association in 1838, 
it appears that such ropes had been introduced about seven years 
before, in the silver mines of the Harz Mountains, and had been found 
so advantageous as almost entirely to supersede flat and round ropes of 
hemp in the mines of Hungary, and most of those in the Austrian 
dominions. The count observes that these iron ropes are nearly equal 
in strength to solid bars of the same diameter, and equal to hempen 
ropes of four times their weight. One of them had been in use for 
upwards of two years without any perceptible wear, though a common 
flat rope performing the same work would not have lasted much more 
than one year. The diameter of the largest rope in ordinary use is 


one inch and a half, and it is composed of three strands, each con- 
taining five wires. Great care is observed in the manufacture of these 
| ropes, that the ends of the wires may be set deep in the interior of the 
| rope, and that two ends may not occur near the same part. In use, it 
is n that the ropes be wound on a cylinder of not less than 
eight feet diameter, and be kept well coated with tar, to prevent 
oxidation. In one case mentioned by Count Breunner, so great a 
saving of power was effected, that four horses were doing as much 
work with a wire rope as six with a flat hempen rope. 

Prior to the date of this memoir, patents had been obtained in this 
country for the manufacture of wire ropes; and they have since been 
improved and acted upon. The wire ropes of Mr. Andrew Smith are 
formed in various ways, according to their intended use, For stand- 
ing rigging straight untwisted wires are employed, bound round with 
cloth or small hempen cordage saturated with a solution of caoutchouc, 
asphaltum, or other preservative from rust. Flat ropes may likewise 
be made of straight wires, interwoven or wrapped with hempen yarn, 
or sewed between canvas, &c.; but the patentee prefers using them 
with a slight twist. Other ropes are formed much in the same way 
as those of hemp; the wires taking the place of rope-yarns, and being 
twisted into strands, and combined into ropes, both hawser-laid and 
cable-laid. The twisting should not be so hard as in hempen cordage; 
and all the wires must be protected by an anti-corrosive composition, 
or by coating with tin, zinc, &c. Ina patent obtained by Mr. Newall 
of Dundee, for improvements in wire ropes, coating with the follow- 
ing mixture is recommended :—Tar, six parts; linseed oil, two parts ; 
and tallow, one part: the whole being melted together, and applied 
while hot. In this patent it is proposed to twist wires round a core, 
either of wire, hemp cord, spun yarn, or other material, to form a 
strand; and to lay such strands round a similar core when there are 
more than three strands in a rope. For joining the wires, Messrs. 
Smith and Newall both recommend twisting their ends together fora _ 
few inches; and the latter also suggests the possibility in some cases , 
of welding them. Wire ropes may be very conveniently and 
secured at their ends by passing them through the emall end of a 
conical collar, and doubling up, or upsetting, the ends of the wires, 
which may then be welded into a solid mass, or secured by runni 
melted brass or solder among them. The collars may then be attached, 
in various ways, to anything with which it is desired to connect the 
rope; or they may, as suggested in Newall’s patent, be screwed 
together, so as to unite several lengths of rope. Iron is the material 
usually employed for wire ropes, but copper and other metals may 
also be ‘joa The annexed table, showing the comparative size and 
weight per fathom for equal strength, gives the result of experiments 
with the wire ropes of Mr, Andrew Smith, and may serve to show their 


t superiority to those of hemp, which they surpass even in 
flexibility _ 


Hemp Rope. Patent Wire Rope. Equal to a 
Size. Weight per fathom. Size. Weight per fathom, strain of 

Inches. Tbs. 07. Inches, Ibs. 0%. tons, cwts, 
3 2 4 1 1 4 ; ee 
4 3 15 1 1 9 3 «10 
5 6 0 1 mse 6 15 
6 9 0 2 2 2 8 0 
7 12 3 2 2 9 a SF 
8 i4 8 2 4 1 9 18 
9 19 6 3 5 4 15 6 
10 35.0 34 a 24 «66 
ll 30 0 4 ll 6 29 5 
12 36 8 4} 16 12 35 4 


Experiments were made at Liverpool in 1857, to find the relative 
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and wire for the standing rigging of } The petals of the Rosa damascena are the most laxative, except 
ee - y the in testing-machine at King’s | perhaps the 2, semperjlorens, but it is seldom that they are used as 
Dock. All the ropes were made os Messrs. Garnock and Bibby, with | aperients, though the petals of the 2. gallica are formed into a con- 
qual care. The following results were obtained :— fection which has the advantage over that of the R. canina, inasmuch 
* as it neither candies nor becomes mouldy. In forming this or the 
3} inch galvanised tron wire rope bore a strain of 20f tons. | other preparations, a stone (not an iron) mortar must be used. The 
34 inch Manilla hemp rope ” Prey F,. chief employment of the conserve of the Gallic rose is as a vehicle for 
Oy Seek Rate hee re” " Sa other medicines and as the basis of blue pill. 
3} inch galvanised tron wire rope ” pee a Tes The infusion of roses is made by pouring boiling distilled water on 
2 ” ” ” . ° the petals, and Fit, oar gwar) acid, which are sore to 
vantage of i i very obvious; indeed this metal is | macerate for six hours, and when strained, refined sugar is to led 
Fis 7 Pos, be, for oe “ = my heavy, less bulky, one-fourth | The vessel in which this process is conducted should not be glaze 
cheaper, and less affected by the ‘atmosphere, than hemp. Soft wire | with lead. By this means is obtained an elegant, fragrant, 
makes the most iy Je rope for splicing; but hard wire is stronger. | mildly astringent tonic and refrigerant liquid, which is of great utility, 
Three-fourths of all the ships now rigged at Liverpool are provided | either alone, especially to check the wasting perspirations of mp- 
bg gale ding rigging. tion, or as a vehicle for most salts which are formed with 


Some of the machines for making wire rope act in the following 
way. The wire is wound in bobbins ar ap in i te set ba the 
iphery of a larger frame like a cage. e cage revolves round an 
ae on the bottom of which is a fixed spur-wheel ; and the lower end 
of the vertical axis of each bobbin-frame carries a spur-wheel gearing 
into this. There is thus obtained a sort of ‘sun-and-planet’ motion, 
the cage ing the bobbin round the central axis, and each bobbin- 
frame revolving also on its own axis, The wires, in their progress 
from the bobbins, pass through holes in the top of the central axis, and 
are there united to form the strand or rope. In Mr. Newall’s patent 
of 1857, the &trand-wire for electric cables is drawn through dies op 
between rollers after the twisting, to bring it to a close cylindrical 
form, and thereby aid the electric conduction. . at 
The demand for wire rope being now very extensive, for shipping 
and for telegraphic cables, the patents are or have been regarded as 
valuable property. Mr, Newall’s first patent, which expired in 1854, 
was a subject of many legal contests, arising out of infringements. 
ROPES, RIGIDITY OF. aipity oF Ropes.) bs 
of. Of the numerous species or varieties 


Pharmacopeia’ are: the Rosa canina, or common dog-rose; Rosa 
gallica, the French or red rose; and Rosa centifolia, the hundred-leaved 
or cab! rose. Of the first, the so-called fruit (hips) is the officinal 

is is truly the enlarged persistent calyx, enclosing the real 
ina which are numerous small achenia, clothed, as well as the inside 
of the calyx, with silky hairs. The hairs and achenia are to be care- 
fully removed, and the fleshy calyx beaten into a pulp, to which 
ually thrice their own weight of white sugar is to be added. The 
employment of heat in the preparation of this conserve, though directed 
the ‘ Pharmacopeia,’ is better omitted, The pulp consists chiefly 
malic and citric acids, in combination mostly with some salts, tannin, 
resins, a small quantity of volatile and oils, fibre, and a large 
quantity of sugar. The action on the stomach is slightly refrigerant 
ient, its sweetness recommending it to chi , and as a 
vehicle for other medicines. It is apt to candy or concrete by keeping, 
The fresh hips, freed from the fruits and hairs, bruised, and having a 
little sugar added, yield, hg pouring warm water upon them, a cooling 
mildly astringent drink, which would be grateful to the poor suffering 
from autumnal fevers. 

The of both the Rosa gallica and R. damascena are supplied 
to herbalists for medical and chemical purposes, The latter is most 
extensively cultivated at Mitcham for the London market. The buds 
are collected before they expand, and the calyx and lower part of the 
petals, termed claws, being cut off, they are quickly dried. If this last 

be conducted slowly, it impairs both their astringency and fine 
ame colour. Their astringency and odour are greatest when col- 
lected before the process of anthesis, or bursting of the anthers. 
About 2000 flowers yield 100 lbs. of fresh petals, which when dry 
weigh only 10 lbs. After drying the odour is faint, the taste bitter 
and astringent. As by exposure to the light and air they lose their 
fine colour, and soon become mouldy or worm-eaten, they must be 
carefully rved in well-stopped bottles or canisters, 

According to the analysis of Cartier, they consist of volatile oil, 
colouring matter, fatty matter, gallic acid, tannin, albumen, soluble 
salts of potash, insoluble salts of lime, silica, and oxide of iron. The 
tannic and gallic acids are the cause of the astringency, and also of the 
dark colour, which results on adding a solution of any salt of iron to 
an infusion of roses, and of a slight precipitate when a solution of gela- 
tine is added to the infusion. e property of forming a black com- 
with iron is taken advantage of by beating the petals with 
cloves and other spices in an iron mortar, till a thick black paste is 
which ens on exposure to the air, and is then polished or 
as to form the perfumed beads for necklaces or rosaries, 
of R. centifolia are often preferred. The exact nature of 
colouring principle has not been ascertained, but it is not owing to 
as the quantity of iron is much greater in white t 

having obtained from 1000 grains of white roses 99 
containing 12°4 of iron, while a similar quantity of 
only 50 grains of ashes, containing only 4 grains of 


i 
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ashes, 
yielded 


Fy 


acid. It is likewise employed as a gargle, alone, or with variou 

adjuncts, one of the best of which is the mel rosarum, or Py 
roses, made with the petals of this kind of rose. A syrup is some- 
times made with them, which is only used to sweeten and colour other _ 


m e8, 

The Rosa centifolia, hundred-leaved rose, wont the variety of 
it termed the Provence or cabbage rose, is cultivated both on accou 

of its exquisite perfume and the uses to which it, with its products, 
can. be aon The petals are the officinal article. They are ted 
to be collected when the flower is full blown; and to be plucked off, 


not allowed to fall off. _It is better to collect them before the flower — 


aneuaey exalted b; 
with a faint rose odour, and an astringent taste. They easily part 


be made to contribute to the enjoyment of the poor, as the expense of 
this perpetual feast is so small as not to be felt by the occupier 
of aroom. The colouring matter extracted by alcohol @ most 


this and sev moschata, Rosa. damas- 
cena, and in Italy the sempervirens, which constitutes the athar, 
ather, attar, utter, or otto of roses. [ArTTAR oF Roszs.] 

(Pereira’s Materia Medica.) 
. [Braps. nly 

ROSE, Culture of the. To obtain roses in their full perfection they 
ls pep ieee open to the south, and free from buildings, trees, 
and the effects of smoke, They must also be sheltered from the wind. 
The tenderer sorts should be trained on a wall; the hardier dwarfs in 
beds or on the lawn, and standards in lines along the walks. 
In planting, care should be taken to give room for the roots. A hole 
three feet in diameter and two feet deep should be filled with rich 
loamy soil, or a mixture of leaf mould, or rotted cow or pig manure, 
the ‘ling rootlets removed, and the plant be fixed in the centre 
suppo: by a stake to prevent it being loosened by the 
November and December are the general months for ing, but 
February is perhaps better in moist soils if the holes are made pre- 
viously and exposed to a winter's frost. Standards should be at least 
three feet apart, dwarfs may be one-third closer. When planting in 
pots, the same soil should be prepared, taking care to have the bottom 
of the pot well supplied with broken crocks, and, to ensure sufficient 
drainage, the hole for the pot should be made of such a size and such a 
depth, that on pressing the pot into it, till about an inch below the 
surface, it may drive some of the side soil down so as to form a 
ip and git tiagalf a ware or two below the pot. This 
not only ensures drainage, as the ¢ requires good watering, but 
leas likely ¢0 attract the roots to the adjacent soil. Roses are all the 
better for such surface-manuring during the autumn, either with 
compost of night-soil, or guano and wood ashes, bs 

In raising roses from seed, the hips, gathered when quite ripe, — 
should be kept dry and whole till gee then broken and sown 
ina seed- about 8 or 9 inches deep, filled with rotten manure 
mixed with sandy loam or peat, covering the seed with about half an 
inch of the mould, Care must be taken to guard the seed from 
attacks of mice; this is best done by covering with a wire web, whic 
also es the pan moist. Water occasionally, and the young plants 
will begth bo hufpest ia A il or May, After having made three or four 
leaves, pot them in pots, and in about a month they ; 
to remove to the border; and the free-growers by r Anas 
made shoots sufficient to take buds from. The stocks must be 
down and budded, and they will then flower in the following summer. 
if left unpruned. 


~ 
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nd autumnal roses are propagated by layers, cuttings, 
grafting. These o; ions are the same for the rose as 
plants, and the budding is performed with even more 
ith many other plants, as the bark opens and closes 
plants are also raised by budding on the roots, which 
. m the parent stem, and by this practice a year is gained 
for bushes flowering on their own roots. 

The usual stock for grafting on is the common briar ; but almost any 
a hardy nature will afford stocks for a more valued variety, 
stocks are not required of s great height for standards, and 
of the most favoured is the Minetti, a variety introduced from 
Ttaly, has the advantage of not throwing up suckers. Of other 
roses, which stocks are wished for, the suckers may be allowed to 
Sp The forcing of roses for early show or for the greenhouse 
A on the same principles as other plants—a somewhat earlier 
protection from cold, and moderate heat applied in the early 
‘The varieties are now almost endless, and every season produces 
‘new ones. All the chief families are mentioned under Rosa, in the 
at. Hist. Drvy., and a list of the principal varieties will be found in 

‘ 's ‘ Rose Amateur’s Guide,’ last edition. ; 


‘was delivered up to the British on the capitulation of Alexandria, and 
_ was brought to England in the year 1802, This stone, which is a piece 
black basalt, contains parts of three distinct inscriptions: the 
stone is in what we generally call hieroglyphic; the 
character commonly called the “ enchorial,” or “the 
;” and the third, which is in Greek, declares, 
that the decree which this stone contains was cut in three 
the “sacred characters,” “those of the country” 
and the “Greek.” In its present state the stone 
iefly at the top and at the right side. Its 
t condition, is about three feet, measured 
contains the writing; its breadth, which in 


inscription consists of thirty-two lines, but the 
of the ‘rst fifteen lines are wanting, and the Greek text 


when entire, fifty-four lines, but the end of it is at present 
We learn from the Greek text that the Rosetta stone was 


Philopator, 8.c. 205, when he waa a child only four or five years 
old. In this monument the acts done during the prince’s minority 
are attributed to him, and he is commended for his piety, his liberality 

to the temples, his remission of the arrears of taxes and diminution 
of the a his victories over the rebels, and his protection of the 

Tands by the inundations of the Nile. 

It to have been placed in a temple dedicated by Necho to 
Teum, the setting sun. The Rosetta stone was the key to the 
to the hi lyphs, the first attempts of De Sacy to 
the demotic or enchorial having been followed by the more 
succeseful results of Young and Champollion, in deciphering the hiero- 
lyphic text. acritical translation of the hieroglyphical portion 
been made by M. Brugsch. 
A critical examination and restorations of the Greek text have been 
made by Ameilhon, Heyne, Villoison, Drumann, Porson, and Letronne. 
The enchorial text has also published and translated by Young 
As the ‘inscriptions are paraphrases and not literal 
translations, and the ical portion is much mutilated, it does 
not adda great deal to the hieroglyphical vocabulary. (HizrocLyrutcs.] 
H., ‘ Die Inachrift von Rosette, fo. Berlin, 1850 ; ‘ Inscriptio 
na, 4to, Berlin, 1851; Letronne, ‘ Inscription Grecque de 
Rosette,’ 8vo, Paris, 1840.) 

ROSICRUCIANS is the name of a secret society whose existence 
became first known to the public in the 17th century, by means of 
several publications which core been attributed to John Valentine 
Andrew, a German scholar, born at Herrenberg, in the duchy of Wiir- 
ag dime who, after studying at Tiibingen, became a minister 
of the church, and in course of time was made almoner of 
‘ of Wiirtemberg and abbot of Adelberg. Andrew died in 
was a man of a mystical turn of mind, who had conceived 
the idea of effecting a reform of mankind. He wrote many 
works, chiefly on mystic subjects. It is doubtful, however, whether 
works which would establish his connection with the 
Society are really his. The fi are the titles of 
three of his works —1. ‘ Eleucidarius Major, iiber die Reformation 
ganzen weiten Welt, F. C. R. aus ihren chymischen Hochzeit,’ 

7, in which there is a mixture of of alchemy with maxims 
} 2, ‘Fama oo. wh ms eee tote Rosen- 
’ Frankfort, 1617, in which there a story of a certain 

Rosenkreuz, a German noble of the 14th century, who, after 


travelling long in the East, returned to Germany, and there established 
a fraternity, or secret society, of a few adepts, under certain regu- 
lations, living together in a building which he raised under the name 
of Sancti Spiritus, where he died, at 106 years of age. The place of 
his burial was kept a profound secret by the adepts, and the society 
renewed itself by the admission of successive new members in silence 
and obscurity, according to the last injunction of its founder, who 
directed the following inscription to be placed on a door of Sancti 
Spiritus :-—* Post CXX. annos patebo.” 3. ‘ Confessio Fraternitatis 
Rosew Crucis ad Eruditos Europ,’ which is appended to the pre- 
ceding, and in which it is stated that the order does not interfere with 
the religion or polity of states, but only seeks for the true philosophy ; 
that many absurd fables have been told of the fraternity, either by its 
enemies or by fantastic people. It states also that once a year the 
members are to meet at appointed places to converse together upon 
secret matters, and that new members are to be admitted to supply 
the place of those who are deceased, and to work for the common pur- 
pose of the order, giving no clue however for discovering what that 
purpose was. In fact the secret, if secret there was, has been effectually 
kept to the present day. The Rosicrucians have not been heard of as 
a separate order for a century past; but some have thought that 
they continued to exist under the name of the Illuminati, who were 
much talked of in Germany and France in the latter part of the 18th 
century ; and a connection has been supposed by some writers to exist 
between the Rosicrucians and the Templars and Freemasons. The 
reader who wishes to investigate this obscure subject may consult 
F. Nicolai, ‘On the Crimes ascribed to the Templars ;’ Chr. Murr, 
‘On the True Origin of the Rosicrucians,’ 1803; and J. G. Buhle, 
* Ueber den Ursprung und die vornehmsten Schicksale der Orden der 
Rosenkreuzer und Freymaurer,’ Gottingen, 1804. 

ROSIN. [Resrxs.] 

ROSMARINUS OFFICINA'LIS, ! Rosemary, a term which is apt 
to lead to the confounding of Rosemary with the Ledum palustre or 
wild marsh-rosemary, which has very different and even dangerous 

roperties. Genuine is a shrub, a native of the south of 
Bu , Asia Minor, and China. To the bees feeding on the flowers, 
the flavour of Narbonne honey is said to be owing. The officinal 
part is the top or upper part of the twi; The flowers were termed 
Anthos, being so highly esteemed, as if it were the flower of flowers. 
This name it is n to know, as many of the earlier prepa- 
rations come under it, rather*than under rosmarinus, The leaves are 
about an inch long, linear, slightly revolute at the margins, dark 
green and reticulate on the upper surface, hoary and white on the 
under. The leaves and calyces of the flowers have a strong, pene- 
trating, aromatic odour, which is rendered stronger by bruising them; 
and a bitter, burning, camphor-like taste. They owe this to the pre- 
sence of tannic acid, bitter matter, perhaps resin, and especially to a 
volatile oil, of which one drachm may, by distillation, be obtained from 
one pound of the leaves. 

Oil of rosemary (Oleum Rorismarini, or Ol. Anthos) is chiefly pre- 
pared in Spain and the south of France, by distillation of the eat 
and flowers, At first it is nearly transparent and very limpid, but by 
time it becomes both yellowish and thicker. It es the stron 
penetrating odour of rosemary, with a enghortls e intermixture, an 
a burning taste. It has an acid re-action. The specific gravity varies 
with the purity and age of the specimen; it is commonly 0°91, but b 
rectification with alcohol it is brought to 0°89 or 0°85. It mixes wi 
alcohol of *83 in every proportion. By shaking with potass, or by the 
evaporation and absorption of oxygen which time efftcts, it deposits 
a stearopten, or rosemary-camphor, to the extent of a tenth part. 
Hydrochloric acid gas blackens it, but does not form an artificial 
camphor. With iodine it partially explodes. 

The oil of rosemary of commerce is an artificial preparation of oil 
of turpentine distilled with rosemary ; it is also adulterated with spike 
oil, obtained from the Lavandula Spica. This may always be dis- 
tinguished from the genuine by not reddening litmus-paper. 

possesses valuable stimulant and carminative properties ; 
but it is chiefly employed as a perfume, entering into the composition 
of the Queen of Hungary's Water, Eau de Cologne, and aromatic 
vinegar. Properly diluted it forms a useful evaporating lotion, It 
is also used in preparations for promoting the growth of hair and 
preventing baldness, 

ROSOLIC ACID was discovered by Runge in 1834, and was 
so called from the rosy-red colour of its salts. It is formed occasional] 
in gas works when Cargo.ro Actn is exposed to the air in contact wi 
lime. Rosolie acid may be artificially prepared by heating together a 
mixture of manganate of soda and crude carbolic acid. On decom- 
posing the dark red rosolate of soda by hydrochloric acid, the rosolic 
acid is precipitated in resinous flakes which unite to an amorphous 
mass, 


Pure rosolic acid is a dark lustrous resin. Its powder is of a 
bright red colour, soluble in ether, alcohol, creasote, the alkalies, and 
in concentrated acids. Its acid characters are very feeble, and its 
compounds unstable. Were it less fugitive it would be valuable asa 
dyeing agent. 

Rosolic acid has lately been examined by Hugo Miiller and by 
Angus Smith, with the following results in regard to per-centage 
composition :— 


oy ROSTRUM. 

; i Smith, Maller, or 
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t t the data are insufficient for the calculation of its formula. 
ROSTRU M, or, more rly, ROSTRA, was a platform or elevated 
space of ground in the Bonen forum, from which the orators used to 
address the people, and which derived its name from the cireumstance 
that after the conquest of Latium the beaks (rostra) of the Antiatian 
ships were affixed to the front of it. (Liv., viii. 14.) The rostra was 
between the Comitium, or place of assembly for the Curiw, and the 
Forum, properly so called, or place of assembly for the Comitia Tributa. 
Bunsen, in his work on the Roman Forum, quoted by Arnold 
(* History of Rome,’ vol. ii, p. 165), judging from the views of the 
rostra given on coins, 811 that “ it was a circular building, raised 
on arches, with a stand or platform on the top, bordered by a parapet, 
the access to it being by two flights of steps, one on each side. It 
fronted towards the comitium, and the rostra were affixed to the front 
of it, just under the arches. Its form has been, in all the main points, 
preserved in the ambones, or circular pulpits, of the most ancient 
churches, which also had two flights of steps leading up to them, one 
on the east side, by which the preacher ascended, and another on the 
west side, for his t. Specimens of these old pulpits are still to 
be Rome, in the churches of S. Clement and S. Lorenzo fueri 
le Mure.” The orators to have walked up and down the rostra 
in addressing the people, and did not, like modern speakers, remain 
standing in one spot. Down to the time of Caius Gracchus even the 
bunes in speaking used to front the comitium; but he turned his 
to it, and spoke with his face towards the forum. (Niebuhr, 
‘History of Rome,’ vol. i., note 990; vol. iii., note 268.) 

ROTATION (Kota, a wheel). The popular conception of a body in 
rotation is vague, except only in the case in which the rotation is made 
about an immoveable axis. - This subject has accordingly been usually 
treated by mathematical methods; and mathematicians content with 
their results, and with their power of interpreting them, did nothing 
towards the improvement of the manner of presenting the elementary 
view of rotation. M. Poinsot first divested the subject of its previous 
complexity, in a Memoir read to the Academy of Sciences, May 19, 
1834. 

There is this el between the conception we form of the simple 
motion of a point and that of asolid body, namely, that each a case 
of peculiar simplicity, by which others are rendered more easy to 
describe. A point may move in a straight line, or may preserve its 
direction unaltered; a body may revolve round a fixed axis, or each 
point may preserve its circle of revolution unaltered. But owing to the 
comparative simplicity of the motion of a point, it is easy [Direction] 
to with us, when it moves in a curve, the idea of its still having 
a different direction at every point of the motion, namely, that of the 
TANGENT of the curve. It is notso easy to see that whenever a body 
moves about a fixed point, no matter how irregularly, there is always, 
at every instant of the motion, some one axis which is, for that instant, 
at rest. This notion of an instantaneous axis of repose, not continuing 
to be such for any finite time—answering to that of an instantaneous 
direction in curvilinear motion, which does not continue for any finite 
time to represent the direction—must be first distinctly formed, before 


unaltered. There must then. at the very moment of discontinuance 
of the forces, have been an axis which was for that moment at rest, 
namely, the axis on which the motion is to continue after the forces 
cease. In this way, knowing that curvilinear motion would become 
rectilinear the moment that the deflecting forces are removed, we may 
form an idea of the tangent of a curve, the line of direction for the 


propositions is the following :—Any 
system round a fixed point may be attained by cutting a 
the most sense of the word) out of the body, with 
or a vertex, and fixing in space cone for it to 
, also with the fixed point for a vertex. 
in the adjoining diagram, the cone a be made to roll 
cone B, both being supposed destitute of impenetrability, so 
curves of a and B can always be made, and if 
dat =: Sp nephpnalhr Pega sateen ge 
be a complete geometrical representation 0: 
of the system about c. Moreover, there is no 


aT 
nlite! 
pistets 


i 


H 


fo et whi might not be represented in the same manner | perpend 


see sole ee ere somes Soc a0 , 
If we su no point in the system, so motion of trans- 
wall as of rotation, is possible, M, Poinsot has given another 


ROTATION, 


a 


equally distinct notion of the state of the motion during an infinitely 
small time, The most simple notion which we can form of a com- 


ae he 


A 


bined translation and rotation is the screw-like motion, in which a 
uniform motion of translation is accompanied by a uniform motion of 
rotation round a line parallel to the motion of translation. M. Poinsot 
has shown that every motion of a system must be, at any one instant, 
either a simple motion of translation, or one of rotation, or the screw- 


slipping axis. : a 
Let us now suppose a system to receive at the same time two — 
motions, round two different axes of repose: that is to say, given two 
different motions, required the motion which will result two 
motions impressed on the system at once. There will be at the first 
instant an instantaneous axis of repose, which it is required to find. — 
First let the two axes pass through the same point a (Fig. 1), and 


Fig, 1. 
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choose the angle B Ac out of the four angles made by the two axes, 
in such manner that points of the system lying in the angle Bac 
would be elevated by the rotation round BA, and depressed 
round ¢ , or vice versd. On the axes take AB and ac, lines propor 
tional to the angular velocities about those axes, complete the paral- 
lelogram av, and draw the diagonal ap. Then Ap is the axis of — 
repose at starting (which however it may not continue to be), and aD 
represents the angular velocity round that axis at ing, in the same 
manner as AB and A © represent the impressed angular velocities about 
ABand ac, [Composrrion.] , 
Next let the axes be parallel to one another, say perpendicular to the 
plane of the paper, passing through « and B (fig. 2). If the rotations — 


Fig, 2. 
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be such that a and 8 would both rise, or both fall, on the paper, — 
each by the rotation about the other, take a point c in BA produced, — 
nearest to the axis about which the angular velocity is greatest (say 
that of a), and such that ca is to cB as the angular velocity about B 
to the angular velocity about 4. Then the axis of repose at starting 
is a line passing through ¢ parallel to the former axes, and the angular 
velocity is the difference of the angular velocities about a and B,and in. 
the direction of the greater. In this case the directions of the rotations 
about a and B[Direcrion or Morton] are different. There is one 
remarkable case, namely, when the rotations about a and B are equal. — 
In this case the rule would lead us to a rotation equal to pees 
made about a point at an infinite distance—one of those extreme con- 
elusions which require interpretation. The fact is that these two 
rotations give only a simple motion of translation = a B x Angular 
Velocity per second, and such as to make the system move upwards or | 
downwards on the paper according as the separate rotations would 
make the points A and B move upwards or downwards. This parti- _ 
cular case will be more intelligible when looked at with the of 
the TaErory or CourLes. 

But if the rotations be in the same direction, so that a will be 
lowered aud B raised, or vice versd, each by the rotation about the 
other :—Take a point D, dividing AB so that AD is to DB as the 
angular velocity about B is to that about a. Then will the axis of 
repose at starting be a parallel drawn through p to the axes passing 
through a and B, and the angular velocity will be the sum of the 
angular velocities about a and 8, its direction being that which lowers 
4 on the paper and raises B, or vice versd, according as is done by the 
given angular velocities. f 

Lastly, let the axes be neither parallel nor intersecting (Fig. 3), as 
AB and cD :—Through the point m, in which cD meets the common — 
iewlar, man, Ww EF parallel to a B, and at the instant at 
which the rotations round 4B and cp commence, impress two equal — 
and contrary rotations about EF, each equal to that about aB. These 
produce no effect, so that the composition of the four rotations gives 
the same result as that of the two, Now, as above stated, the rotation 
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ad nd its equal and contrary round £ F, produce nothing but 
motion of translation, while the remaining rotation about x F, com- 
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The best practical view will 
experiments with the Gyrroscorr. See also an 
pe by Mr. John Bridge in the ‘ Philosophical 


oe 48 for November, 1857. 

‘ATION OF CROPS. It has been observed in a former article 
[Arasie Lanp] that a repetition of the same crops in succession has a 
peculiar effect on the soil, so that if grain of the same nature be sown 
year after year in the same 


satisfactorily explained, but the experiments which have 
men of science lead us to conclude that the real cause 
gradually discovered; and considerable advances have been 
made towards a rational solution of the question. It has been observed 
that formation of the seed which principally causes the 
il; for if the crop be fed off in a green state, or 
the seed is formed, the same may be safely repeated, and 

the plants is apparent. Thus grasses in a meadow 
before the blossom is faded or the seed formed, will 
vi oy Puen eletham ae ayy sete (om ae 
ry; grasses gradually disappear. It is thus 
ieee bs cine gopnt. aiken pend te har’ anid sion enelions 
allowed to ripen their seed, the crop will be later and later, 
earliest grasses will disappear. Irrigation prevents this, 
restore to the land whatever the require for their 
¢ same; and this leads 
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a mere exhaustion of the nutritious particles in the 
soil which caused the deterioration of the subsequent crops, some kind 
F rep a plea nag dieu yg her agste gaa How- 
ever ey may man it is not practicable to 

ae of clover, or of many other plants, on a soil 


grows well wheat, and wheat after clover, so that the same 
effect is not produced in the soil by these two crops. plant which 
has fibrous roots, and throws up a seed-stem with few leaves, thrives 
best after one which has a fleshy root and many succulent leaves on a 


crops is gen 
exception to the rule, and is not 
looked upon as a model for imitation, but rather as an experiment of a 


seed should follow one with a branching stem and a 


fleshy which has been taken from the ground mowing or 
Sect beliig) Ge seth coast Sea ttaik mine comtlincen emmet be 
obtained, that some of them at least should be complied with. Wheat 

clover, which is allowed to be the best succession on light 


aes a th nee en eter beats, the-com- 
e pees ri its is given up; and 
consequently oacemaleea ti etiien other, but it is admirably 
effective nevertheless on all heavy soils. Potatoes, at first sight, appear 
all necessary conditions; but although they do not often 

ripen the seed above ground, in the formation of the tu the soil is 


advantageously succeed each 
ciroumstanees SGM lia taken fata covaklere- 
Fe ee Se cality of the ah Seen we pertioniar 
next of the farmer and his family, and the mainte- 
of the stock required to produce a sufficient supply of manure. 
unreasonable to expect poor light land to produce wheat and 
beans, although by high cultivation these crops may be forced. Rye, 
oats, and roots may the farmer a better profit, by being raised at 
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a less expense than more valuable crops, which must be forced with 
manure, and at best are precarious in soils not adapted to their growth. 
In moderate loams wheat may recur every fourth or fifth year, 
whereas in very rich compact loams it may recur every third, and even 
every alternate year. Clover and many artificial grasses do not succeed 
well if they recur oftener than every sixth year, or with even a longer 
interval. Rape, flax, and potatoes require a still more distant recur- 
rence on the same ground. All these considerations lead the farmer 
to the selection of the most advantageous rotation for the soil of his 
farm ; and where the land in a considerable district is nearly of an 
uniform quality experience soon establishes a course which no one 
finds it prudent to deviate from. It happens frequently however that 
a great variety of soils, very different in their nature and fertility, are 
intermixed ; and then, unless the farmer can apply the true principles 
of rotations, he may greatly err by following the course, which may be 
very judicious for the prevailing soil of the district, but not at all 
suited to some of his fields. Hence a knowledge of the crops suited to 
any particular soil, and the order in which these crops should succeed 
each other, is indispensable to the advantageous cultivation of a farm. 

That which forms the food of man is always the principal object in 
the cultivation; and, excepting rice, which only grows in warm 
climates, there is no food more universally used than that which is 
made from wheat. Rye, barley, oats, and pulse are only substitutes 
where wheat cannot be raised in sufficient quantities. Next to grain 
comes meat, chiefly beef, mutton, and pork, of which the consumption 
increases with the wealth of a nation and the advance of its agricul- 
ture. Wheat and fat cattle are therefore primary objects with every 
good farmer; and he who can raise most wheat and fatten most oxen 
or sheep or pigs will realise the greatest profit. 

Many circumstances may indicate a deviation from the course which, 
as a general rule, is most advantageous. The facility of purchasing 
manure from neighbouring towns may allow of more frequent crops of 
corn, and of nutritious roots which require much manure, such as 
potatoes, and which give no return to the land in the shape of dung. 
But we must lay down rules for those who are to rely on their own 
resources to recruit the land with manure, so that it may give the 
greatest produce without diminishing in fertility ; and this can only be 
done by a judicious feeding of livestock. 

The simple rotation of wheat and beans alternately would be by far 
the most profitable in rich clay soil, as both these crops always obtain 
a good price in the market; but if a whole farm were so cropped, 
nearly all the manure must be purchased ; for, after a few crops, the 
wheat-straw and bean-halm would not produce half the manure re- 
quired for the land. Hay and oats must be purchased for the horses 
required for the tillage, which might not be procured so readily or so 
cheap as they may be raised on the farm. On very light sands wheat 
or beans cannot be raised, except by a very expensive mode of culti- 
vation; but rye, oats, , buckwheat, and roots for cattle must be 
substituted. On ahaiky oom the principal crops are barley and 
artificial grasses for sheep. In short, no icular rotation can be 
prescribed without a complete knowledge of the soil, the locality, and 
every circumstance connected with any particular farm. As the most 
universal rule, it may be laid down that every alternate crop should 
be consumed by animals on the farm, and that, as much as possible, 
the plants which succeed each other should be of different natural 
botanic families. Experience has generally shown the time that should 
be allowed to intervene between the recurrence of the same kind of 

, and we have only to form our plans accordingly. 

Ot the old triennial course (fallow, wheat, barley or oats) it must be 
observed that the two corn-crops so rapidly deteriorate the soil, that a 
complete year of fallow is required to pu it, and a good manuring 
to keep the land in heart, and that all industry of the farmer 
cannot keep up the fertility of the land without extraneous help, 
either from the manure made in towns, or in the farm-yard by cattle 
bred and kept in commons or pasture-grounds, This system, which 
prevailed so long, cannot be called a rotation; and no real improve- 
ment was introduced into agriculture until the notion of its perfection 
was exploded, and tenants were permitted to deviate from it. The 
rotations adopted in the place of this old system necessarily partook at 
first of its main defects. Green crops were introduced of necessity to 
supply the loss of the commons and pastures, which, as the population 
increased, were rere cultivated as arable land: but the two white 

remained in succession, and even now, such is the force of habit 
ond eatiy impression, that one of the most difficult points to be gained 
with \ onceey farmers, accustomed to the old rotations, is to make 
them have patience when their land is in a good state, and to prevent 
their sowing a white crop, which is immediately profitable, instead 
of a green crop, which will keep the land in heart and improve it for 
future crops, but which does not figure in the account of sales. Yet 
it can be clearly shown, that in most cases the second corn crop is 
dearly by the expense required to restore the land to the 
state in which it was when the seed was sown a second time: manure 
alone will not do this; fallowing and Ch gprs ap ploughing can alone 
effect it : and whether you plough sev times before a crop, or are 
forced to do so after it, there is no difference in the expense of labour, 
although there may be much in the value of the subsequent crops. 

The Norfolk course (turnips, barley, clover, wheat), which is so well 


known and deservedly in repute for light sands, has only one defect, 
0 
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sh ix the too frequent recurrence of clover. Rye grass, the usual 
peter in pm soils, unless it be fed off young, is far inferior 
to clover x a preparation for wheat, and this accords with theory ; 
for wheat and rye grass are both of the natural family of the graminew. 
Tares or vetches are a good substitute in heavy soils, as well as beans, 
both of which are /eguminesr, but not well suited to light sandy soils. 
Peas are sometimes introduced ; but they are apt to encourage weeds, 
unless the crop be heavy, and then they exhaust the soil, and 
leave little vegetable matter behind them in their roots. : 

In many countries there are other vegetable products, which. are 
required for the food af the inhabitants, or supply the raw materials of 
manufactures : these must be introduced into the rotations, according 
to their effect on the soil and the cultivation they require. | 
corn, or waige, and French beans, for their seed, are cultivated in more 
southern climates as field crops. .. Potatoes are now an essential product 
in some districts, and one which, after maize, produces the greatest 
quantity of food for man from a given portion of land. . But potatoes 
require much manure, and cannot profitably be cultivated to a very 
great extent as a farm produce, nor repeated on the same land, for any 
length of time, oftener than ouce in eight or ten years; they should 
however always enter into the rotation in that portion of the land 
which is to be much worked, cleaned, and manured after a crop of 


corn. 

We have ourselves for many years adopted a rotation without being 
tied down to any positive rule, which has been suggested by circum- 
stances, and in some measure ted by our conviction of the truth 
of the theory we have attempted to elucidate. In a clayey loam on an 
impervious subsoil, but mostly completely drained, we have had 
turnips and swedes on high ridges, tares, mangel-wurzel, potatoes, and 
a portion of rye to cut up green; succeeded by barley and oats sown 
with clover, rye- , and other biennial grass seeds. These were 
mown for hay the first year, and sometimes the second also, but 
generally depastured one year at least; then followed beans, and after 
these as The green crops were put in after repeated and deep 
tillage, and with an ample allowance of manure. The whole of the 
layer was top-dressed with peat or coal ashes in the first year, and 
what manure could be got ee Se ee second year before 
winter, when it was a up. All the corn crops were put in 
upon one shallow ploughing. We have had no reason ro repent of 
pursuing this course : but we allow that one year only in clover would 
probably be more profitable. The land is not sufficiently fertile by 
nature to bear wheat after the first year of clover, instead of feeding or 
making it into ie This would bring it to some of the rotations 
adopted in. rich vial soils. It is a rule which should never be 

, that after every crop reaped there should be a remnant 
of manure suflicient to ensure a good crop the next year ; and that this 
should always be in the land, and considered as stock in trade or 

ital invested at good interest. By means of judicious rotations and 
tillage a much greater quantity of produce may be raised at a certain 
expense of labour and capital, than by any desultory and experimental 
mode of cropping. The farmer should find it his own interest to 
cultivate his land according to the most approved principles, and the 
landlord should impose only such restriction as will prevent the tenant 
from injuring himself by diminishing the produce of his farm. 

It is in the relation of crops to manure—to the need of it for them, 
and the supply of it through them, that the practical man sees the 
advantage of rotations, There is a need of rotations arising out of our 
relations to our labourers who want constant employment—to our live 
stock, which need constant food—to the soil, which will not. continue to 
produce the same plant perpetually—to the plants we cultivate, which 
grow more luxuriantly in rotation than in constant ssion. And 
the explanation of this last fact has been founded on the ideas that (1) 
crops poison the land for themselves ; (2) that they exhaust the land 
for themselves; (3) that they improve the ground for their successors. 
Turnips for instance consumed on the land bring on it more nitro- 
genous matter than was given them in their manure ; and so the land 
is enriched by this practice and rendered fit for grain, which on the 
other band uses more nitrogenous matter than it can in general 
naturally obtain. 

The following are our common rotations— 


v be 2. 3. 4. | 5. 
1, Wheat. | 1, Wheat, 1. Wheat, 1, Wheat. | 1, Wheat. 
2. Turnips. | 2. Turnips. 2, Turnips, 2. Turnips. | 2, Tornips. 
3. Berley. | 3, Barley. 3. Wheat, 3. Barley, 3. Barley. 
4. Glover, | 4. Grass, 4. Barley. 4 Clover, | 4, Clover, 
| 6. Grane, 5. Clover, “| Beuns. | 5. Oats, 
6 Potatoes, 
} * { Beans, 
6. 7. | 8, 9. 
i, Whest | 1. Wheat. =| 1, Wheat, 1, Wheat 
2, Tornizpe. 2, Beans, | 2 Rye followed 2, Oats. 
3. Potatoes. 3. Wheat. by turnips, 3. Turnips, 
4. Wheat. 4, Clover. 3. Barley, 4. Barley. 
5. Clorer, 5, Wheat. 4. Clover, 5. Clover, 
6. Oats, 6. Swedes, 5, Oats or 
7. Beans. 7. Wheat. wheat. 
6. Mangold. g, f Beans. 
* { Turnips, 
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“a0! 11. 12. aie: 
1, Wheat. 1. Fallow. 1, Fallow, 1, Fallow. “ 
2. Rape. 2. Wheat. 2. Wheat, 2, Wheat, 
3. Oats. 3. Clover, 8. Barley, 3, Beans. 
4, Wheat. | 4. Oats. 4. Clover. 4. Wheat. 
5. Clover. | 5. Beans, 5. Oats. 5. Mangold. 
6, Wheat. 6, Barley or 6, Beans. 6, Barley. ~ 
7. Beans. wheat, 7, Wheat. 7. Clover. 
8. Wheat. 


ndian | a common modification of it—7, the Whitfield 8-field course—8, 


1, is the Norfolk rotation—2, the North of England modification of it 
—3, Mr. Thomas's, of Lidlington, modification of it—4, a common 


modification of it in Norfolk—5, the East Lothian 6-field rotation—6, 


Hewitt Davis's light land rotation--9, the rotation of the Cotteswold 
district, Gloucestershire—10, common in the fens of Lincolnshire—11, 
in clay-lands, East Lothian—12, carse-lands of Scotland—13, c f 
of Essex. These rotations vary greatly in their manure producing 
power. By some one ewt. of meat may be made acre—by others 
not a quarter of a cwt.—By some therefore there is food acre for 
an ox, making 20 tons of dung for every 4 acres, and on others | 

one for every 16 acres. ‘ f 


ai a OR CIRCULAR POLARIZATION. [Poraniza- 
TION. 


ROTE, a musical instrument of former times, mentioned by the _ 
early French writers of romance, and by Chaucer, as well as others 


7 


among our early poets: it seems to have been similar to what the 
French call a vielle, and the English a hurdy-gurdy. 

ROTTENSTONE. [Emery; 7'ripoli Power) 

ROTUNDA, aterm applied to buildings which are circular in their 
plan both externally and internally, or else to halls and other apart- 
ments of that shape, included within and forming merely a ion of 
the edifice containing them. The technical application of ert 
however. restricted to circular buildings whose height does not mu 
exceed their diameter, for we should not describe a lofty ric 
edifice, rig tea S: aw petted = pegs ree Les le on the 
contrary it uently employed to designate po 
which approach in their general form to the circle. : 

In ecclesiastical architecture circular and polygonal structures were 
by no means uncommon among the early Christians, especially for 
baptisteries and sepulchral chapels. The tomb of Theodoric, or what 
is now called Santa Maria Rotunda, at Ravenna, is a singular example, 
having a flattish or segmental dome (about 34 feet in diameter) cut 
out of asingle block of stone. Of San Stefano Rotundo and Santa 
Costanza mention has been made under RoMAN ARCHITECTURE, and to — 
them may be here added the Rotunda or Church of Santa Maria 
Maggiore at Nocera, a work of about the same period. While it 
greatly resembles Santa Costanza in plan, having coupled columns 
laced on the radisting, Hhieairban this Metierej ast Wil r springi 


cigs 


rtions are much lower, the 
umns 5, al 


RSF it where the transepts intersect the body of the edifice. 
early all modern rg oe may be described as rotundas el 
above the rest of the 


form @ 
diameter would very nearly 
In itself alone the rotunda form does not accommodate itself to the — 
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adopted for a Protestant Church. - The arrangemient | 


ch is almost essential ne 8 tenn 

with windows being substituted for’ it. Some few dissenting 
have been a circular form, but they are equally 
, whether regarded as architectural objects, or for con- 


of attempting to describe these and other examples of 
, we shall put our notices relative to them into a condensed 
shall include those already mentioned, 

by be more readily compared. 
Rome. External diameter 188 feet, internal 142, internal 
4 height ey (Roman Ancurrectvre. } 


EF 
! 
; 
: 


Minerva Medica. External diameter 110 feet. Interior a 
78 feet in diameter and 105 high. 


Exterior ‘diameter about 100 feet. 


AS ee i rtd le: Interior diameter 80 feet, 
bight of order, pre be erty 


at 8, Pietro in Moxtorio, Rome. (Bramante.) Exterior 


Capella Elegant in plan, but 
enormously External diameter 40 feet, 
internal 30. © orders within. Height to spring of dome 46 feet, 


- Madddina, Venice. (Temanza.) Internal diameter 554 feet, 
to spring of dome 36, entire height 63, or 7} more than dia- 


meter, ee ee ee ee re 
Hialle dea , Paris. (De Mezitres.) External diameter 228 feet, 


of dome 424, to summit 105. 
Powsagao, (Canova.) External diameter 116 feet; width of portico 
90, feign on of portico 55, height of stylobate 10}, internal diameter 
90. 
di 


Iddio, Turin. (Buonsignore.) A rotunda about 130 feet 


in dismeter, with hexastyle, diprostyle, Corinthian portico, Internal 

_ @iameter 74 feet, height 100; plan four sem tribunes, with 
two columns in front each, ing the entablature 
continued over those spaces. Attic with a long over each of the 
four 


recesses, 
Museum of the Vatican, Rotunda. (Simonetti.) Divided into ten 
recessed : diameter 50 feet. 


50 
| Radcliffe y (Gibbs.) Basement a pol of 16 
sides, and 104 feet Bag sett Extreme exterior height 140 feet, 
interior diameter 88, interior diameter of central apace and dome 52, 


90. 
wen Museum, Central Hall. (Schinkel) Dianneter 67 fect, height 
rere a i twen n columns, 
pc Lae At A t to Berd dome 42 feet, entire 


Church, Darmstadt, (Moller.) Extreme internal diameter 
135 feet, peristyle of twenty-eight Corinthian columns supporting 
dome; diameter of dome and peristyle 102 feet, height to spring of 
dome 48 feet, to summit 102. 
Reading Room, British Museum. 
ght 106 feet. [Burrisx Museum. 


: ee ee 
earn the meaning of the terms circular, cylindrical, conical, spherical, 
spheroidal, and annular, for all of which ‘the term round is employed 
without any distinction. - ¢ 
‘ROUND, 4 short vocal composition in three or more parts, in the 
of which the first voice begins alone, singing to the end of 
the first part, then passes on to the second,and afterward to the third, 
&c., the other voices following successively the same routine, till all 


are joined together, the round ending at the mark of a pause (7) 
or atas agreed on. This is frequently, but most erroneously, 
Salle’ fateh, nod cpmetidins, nob leas inoortbetly ja Alene tn Sho 


iL TOWER. Numerous lofty towers, tapering from the 


base to a conical cap or roof, which crowns the summit, are found in 
Treland, and are almost peculiar to that country. That they are of 
great antiquity appears from their having been considered ancient even 
in the 12th century, when the British connection with Ireland began. 
Had they been then in actual use, it is not probable that’so accurate ‘a 
writer as Giraldus Cambrensis, who had been in Ireland, and cireum- 
stantially describes them, should not also have mentioned to what 
purpose they were applied. Dr. Petrie, ‘ Ecclesiastical Architecture of 
Treland,’ however, quotes several records between the years 948 and 
1170, in which bell towers are referred to, which he seems to be able 
to identify, in some instances at least, with the existing round-towers. 

There are 117 of these towers, or of the sites where they once stood, 
now known, and there is reason to believe they were formerly more 
numerous. Some of them are still perfect, and preserve their conical 
roofs; but only one, the tower of Devenish, possesses the singular 
ornament of an obtuse crescent rising from the cone, and somewhat 
resembling what is called the trident of Seeva. 

Ardmore tower, near Waterford, had also, within the memory of 
man, this finishing ornament. In the other towers, the conical caps 
are either more or less injured, or have altogether vanished. Some 
few are topped by battlements, but these are all of more modern 
construction than the towers. 

Though most of these round towers were evidently divided into 
stories, yet Cashel tower is smooth, and even polished on the inside 
from top to bottom, That at Ardmore was plastered with a very fine 
and durable cement. The divisions are usually formed by projecting 
ledges for the flooring joists, which however in some instances were 
inserted in square holes in the wall, where the ends were still visible 
not many years ago. 

On each floor there is one very small window, and immediately 
below the conical cap four windows may be traced in the greater 
number of towers; in one there are five and in a few six windows; 
and so many as eight appear in one or two of the towers. In a few 
of these buildings no windows appear in the upper story—only one small 
loophole. In most of the towers the doors are at a considerable height 
above the ground, in one even twenty-four feet, in several fourteen, . 
and in others only eight, seven, or six feet, but in none of them are 
there any traces to assist conjecture as to the mode of reaching those 
doors, except in those where the door is on the ground, or raised from 
it by a couple of steps. ‘ 

he height of these towers varies greatly, ohe being only thirty-five 
feet, while the loftiest is one hundred and thirty, but the common 
range is between eighty and a hundred feet. Some stand on circular 
bases, which form one or two deep steps round the tower. Thus 
Donoughmore has a two-step base, each step or plinth being com- 
posed of very large blocks of stone. The basement of Kell’s tower is 
square, and the stones are of great size. Killree and Aghaviller, both 
in the county of Kilkenny, have circular plinths fourteen inches deep, 
rojecting six inches and resting upon a square base formed of great 
blocks of stone. The tower of Clondalkin, about five miles from Dublin, 
stands on massive stone-work; and St. Columb's tower, at Londonderry, 
rises from a vaulted erypt. So also does that at Oughterard, in the 
county of Kilkenny. 

In external character all the towers may be said to agree, since there 
is only one which does not taper, and in that case the tower is cylin- 
drical. throughout its entire height. It is nicely faced, inside and out, 
with y filled up with rubble. Though all bear to 
each other the strongest family likeness, there are many striking 
differences in the mason-work and in the minor details. The stones in. 
some are truly chiselled, and closely and beautifully laid in fine cement. 
Some are only coarsely hammered, others merely faced, and of various 
shapes and sizes, but still well fitted to each other. Some towers are 
built « of round coggle-stones. In all the mortar is as hard as the 
imbedded stones. i 

The above and various other little diversities prove that these 
remarkable structures were erected by various workmen and at very 
different times, and,as Giraldus Cambrensis says, “according to the 
manner of the country.” Some excellent Irish archwologists imagine 
that they range in date from the 5th or 6th to the 10th or 12th 


century. 5 

Ther situation on hill or dale is equally variable, nor does any one 
circumstance respecting their situations seem to be common to all, 
except their immediate vicinity to a small and very ancient church, 
though in some instances this ancient building has been replaced by a 
more modern fabric. 

Itis a well known fact that the early missionaries usually chose the 
sites of Pagan places of worship for their churches, and the undoubted 
relics of Pagan places of worship still remain in close association with 
these towers, and eyen in the same churchyard; the pillar stone of 
witness, the tapering sun-stone, the crombac, the fire-house, and the 
holy spring of sacred ‘water necessary in the mystic rites, all these, 

ing to some Irish ists, are found along with the tower, 
and the little ancient chureh, within the same narrow boundary. 

The speculations of antiquaries as to the objects of rearing these, 
mysterious towers haye indeed been manifold—penitentiaries, the 
abode of anchorites, beacon-towers, alarm-posts, places of safety for 
goods, sepulchral stele, bell-towers, trumpet-towers, from whence, by 
means of the great brazen trumpet, the people were invited to worship, 
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fire-towers, where the sored fires of Bel or Baal, who was undoubtedly 
worshipped in Ireland and Scotland, were kept alive, the tower itself 
being an emblem of the sun-beam or ray of heavenly fire, or finally 
that were Buddhic in their origin, and sepulchral in their 
immediate application, they having been erected over the bones or 
relics of mints, It now seems to the opinion of the best autho- 
*rities that they are the work of Christian architects, and were built 
for ecclesiastical purp They appear to have always stood in prox- 
imity to a church or monastery, and in fact to have been employed 
both for bell-towers and as keeps, or strongholds, into which the eccle- 
siastics might retreat with the church plate and records, in case of an 
attack, Their origin, or the type from which they were in the first 
instance imitated, is however still matter of conjecture. 

Before closing this article, it should be mentioned that though 
these towers are almost peculiar to Ireland, there are two in Scotland, 
but in that district which, in the very early ages, was in close and 
constant connection with Ireland. 

In other parts of the world, as Andalusia, the Caucasus, Persia, and 

of India, towers of all sizes and shapes, and in various situations, 

we been discovered. As in all these there are some points of resem- 
blance, they may all perhaps prove to be successive links of that long 
chain of evidence by which these remarkable buildings may even yet 
be traced down from their origin to the pagan rites of the Scoti 


or Irish. 

ROUNDHEADS, a name given to the republicans in England, at 
the end of the reign of Charles I. and during the Commonwealth. 
The name seems to have been first applied to the Puritans because 
they wore their hair cut close, but to —have been afterwards extended 
to the whole republican party. The Cavaliers, or royal party, wore 
their hair in long ringlets. [Cavatrer.] 

ROUT. [Rror.| 
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of George IIL, painting, sculpture, and architecture, notwi nding 
Ginacatiecns acto in all these branches, were in a lower state 
in Great Britain than in most parts of Europe. Foreign critics did 
not hesitate to assert, that the ungenial climate or the physical defects 
of the English presented insuperable obstacles to the attainment of 
excellence in the arts. Whether these opinions induced the young 

to turn his attention to the subject, and endeavour to remove 
this national stigma, cannot now be known, but it is certain that he 
soon began to show a strong disposition to encourage the arts. 

This avowed disposition of the king encouraged the artists of the 
metropolis to endeavour to establish an academy of art somewhat 
similar to that which had long been in successful operation in France, A 
private academy or association of painters had been formed as early as 
1711, under the presidency of Sir Godfrey Kneller ; but differences arose 
between the foreign artists (then an important and comparatively nume- 
rous body in London) and the English members, when the latter, with Sir 
James Thornhill at their head, seceded and opened in 1724 a new academy. 
On the death of Thornhill, ten years later, his son-in-law proposed to 
the old to reunite, and the two bodies formed the well-known 
“ Academy in St. Martin’s Lane.” All these were, however, rather 
schools for drawing from the living model and the antique, and pro- 
moting mutual intercourse among the artists, than academies on the 
continental model: that is, in which instruction should be given in 
pent, sculpture, and architecture, and certain marks of distinction 

conferred on the most successful professors of those arts. Several 
proj had, however, been put forward for the foundation of a royal 

: among others one by Sir James Thornhill, prior to the 
establishment of the private one above mentioned ; one by Gwynn, the 
architect, in 1749; one in 1753 by the members of the St. Martin’s 
Lane Academy, which probably fell to the ground through the oppo- 
sition of Hogarth ; and another, of which the proposals were issued in 
1755. The next effort was more successful, An institution which 


Academy; but its immediate cause was a schism which took place in 


They were 
position and influence, and they at once determined to 
new and more restricted institution on the model of the 
French Academy, if they could obtain the protection and of 
the W. Chambers, F. Cotes, G. M. Moser, and B, West pre- 

memorial signed by twenty-two artists, the of 
show the probability that with his royal sanction and 
neouragement, and by means of an annual exhibition of their works, 


. 


Richard Cosway, 


they would soon be able to raise sufficient funds for the support of a 
gratuitous national school of art, The memorial stated, “The two 
principal objects which we have in view are the establishing a well- 
regulated school or academy of design, and an annual exhibition open 


to all artists of distinguished merit ; we nee that the profits 
arising from the last of these institutions will fully answer all the 
expenses of the first; we even flatter ourselves that they will be more 


than necessary for that purpose, and that we shall be enabled annually 
to distribute somewhat in useful charities.” The preoeese was 
graciously received. The plan of a constitution was drawn up by 
Mr. Chambers, and laid before the king, which he approved, and 
signed on the 10th of December, 1768. Thus was founded “The 
Royal Academy of Arts in London, for the purpose of cultivating and 
improving the arts of painting, sculpture, and architecture.” 

The artists who signed this memorial were: Benjamin West, 
Francesco Zuccarelli, Nathaniel Dance, Richard Wilson, George Michael 
Moser, Samuel Wale, J. Baptist Cipriani, Jeremiah sonar: lica 
Kauffman, Charles Cotton, Francesco Bartolozzi, Francis Cotes, Edward 
Penny, George Barrett, Paul Sandby, Richard Yeo, Mary Moser; 
Agostino Carlini, William Chambers, Joseph Wilton, Francis Milner 
Newton, Francis Hayman. These, with John Baker, Mason Chamberlin, ; 
John Gwynn, Thomas Gainsborough, Dominick Serres, Peter Toms, 
Nathaniel Hone, Joshua Reynolds, John Richards, Thomas Sandby, 4 
George Dance, cis Hayman, William Hoare of Bath, and Johan a 
Zoffani, composed the ee thirty-six academicians, The number 
forty was not completed till 1780—by the addition of Edward Burch, 
Joseph Nollekens, and James Barry. Their first 
on the 14th of December, when the following officers 
were elected, namely: J. Reynolds, President ; G. M. Moser, Keeper ; 
F. M. Newton, Secretary ; E. Penny, Professor of Painting ; T. Sandby, 
Professor of Architecture ; J. Wall, Professor of Perspective : Dr. William 
Hunter, Professor of Anatomy. The king appointed William Chambers 
Treasurer, and R. Wilson Librarian. ‘ 

The other academies of Europe which have -been established for the 
advancement of the fine arts and the promotion of public taste, are 
supported entirely at the nse of their respective governments as: 
national objects, and are usually under the control of some person of 
distinction. Such is the Royal Academy of Paris, founded just a 
century before. The Royal Academy of London is essentially different 
from these, inasmuch as it origi in the private munificence of the 
reigning king, and, since the first years its existence, has been 
entirely maintained by the proceeds of the annual exhibition. 

The king’s adoption of the artists was immediately followed by the 
most liberal and effective support. He caused apartments for the 
schools to be fitted up in his own palace of Somerset House, ps i 
the Society with rooms in Pall Mall for their exhibitions, and for 
several years made up every deficiency in their expenditure from 
his privy purse; at the same time he allowed them to reserve 100/. 
a-year to form a fund for necessitous members or their widows, and 
twice that sum to administer occasional relief to artists in distress, 
whether they were members of the Society or not. When Old Somerset 
House was purchased by the nation as a site for a number of public 
offices, the king took care to reserve a portion of the new building for 
the Academy. In 1766 the plans of a new site were submitted to the 
approval of the president and council, and the apartments devoted to | 
this purpose were fitted up with a degree of ificence worthy of.a 
royal palace, the talents of many of the principal members having been 
employed in their decoration. In July, 1780, the preparations being 
completed, the Royal Academy obtained possession of their new 
residence, by an order from the Treasury to the surveyor-general of 
the works, and their first exhibition in Somerset House took place in 
the following year. This friendly superintendence of its affairs and 
anxious desire to promote the welfare and utility of the Society con- 
tinued till the unfortunate illness of the king; and a like patronage 
been vouchsafed by his sonore: - é $e 

n 1834, a proposal havi n made by Lord Grey and the existing 
ministry to pacar ihe Joatablishaienis from Somerset House to — 
oe eee an edifice was proposed to be raised which 
would be enough for a national gallery of paintings, the 
sanction of the king( William IV.) was obtained,and the n oe . 
ments were made with the president and council of the Academy. 
apartments, which comprise the whole of the east wing of the National 
Gallery, were put into their ion in 1836; and they are still 
occupied by the Academy, though formal notice has been more than once 
given by the government of their intention to resume ion of 
them, in order to appropriate them to the use of the National Gallery. 
The Royal Academy consists of forty academicians, painters, sculptors, 
and architects, There is a second order of members, associates, 
twenty in number, from whom alone the vacancies that occur among 
the academicians are supplied. The body of academicians elect, but 
the approbation and signature of Her Majesty are necessary to make 
this election valid. 

There are also six associate engravers, who are classed—two as 
“academician engravers,” two as “associate engravers of the new 


class,” and two as “ associate engravers.” Associates are elected by the 
body of academicians, from a list of exhibitors who declare themselves 


candidates for this honour. - . 
There are a treasurer, a librarian, a keeper, and a secretary. A bye- 
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law of the Academy requires that they shall be academicians. These 
pried fica te Her Majesty's nomination. 

There are four professors, academicians, elected by the general 
assembly, and approved by the queen, who read lectures on painting, 
seul; architecture, and ive. 

; is also a professor of anatomy, elected by the academicians, with 
_ the approbation of Her Majesty. 

There are three schools: a school for study from casts from cele- 
i / port cache Mah a school for study from living models ; and 
a painting school. first is under the care and direction of the 
_ keeper; and the other two are under the care of visitors, annually 


The council consists of nine members, including the president, and 


_ has the management of all the concerns of the Society. All bye-laws 
of the Academy must originate in the council, and have the appro- 
_ bation of the general Frand the sanction of Her Majesty's 


assembl. 
effect. resident, council, and visitors are 
confirmed by Her Majesty's signature. 

are also several honorary members of the Royal Academy, 
t li ture, a professor of ancient history, 
in the church, an antiquary, and asecretary for 
ce ; these, who are always persons of eminence in 
elected by the general assembly and approved by the 
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encourage meritorious students, and 

those who have gained the biennial gold medal have from time to time 

an opportunity of being sent abroad to study for three years at the 
of the Academy. 

library of the Academ contains all the best works on art, 

besides a considerable number of modern prints and a valuable collection 

of engravings of the Italian school from the earliest period, formed by 


Thomas Lawrence, the Academ purchased his collection of archi- 
tectural casts for 250/. (alth their apartments could not accom- 
Mouate them): they are at present deposited in the South Kensingto n 
useum. 
as over beep ee ee students have been reared under 
tuition i Academy, and am them are 
included by far the greater Loner aah those who have distinguish ed 


The attention which the Royal Academy has uniformly shown to 
artists i 


in general, and the liberal assistance they have. 


bestowed to such out of their funds, should not be omitted. It 
in evidence before a committee of the House of Commons, in 

S000; Wek tho prom anus vhs ene" in pensions to dis- 
tressed membtrs amounted to 11,1061., thé donations to artists, 

_ not members, and their families, to 19,2491; and since then, with 
increased funds, the Academy has acted with still greater liberality. 
Academy has combined a prudent degree of 

economy in the of its funds, both for the purpose of 
providing against ties and for the gradual improvement of the 
establishment. Notwithstanding the large sum they have expended 
in out the objects for which they were associated, the 
ians have accumulated a reserve fund sufficient, as they 
informed the Chancellor of the Exchequer When the question was 


It will appear from what has been stated, that the Royal Academy 
owes its corporate existence en to the crown, and is neither sup- 
ported nor aided by any public Tt has also been shown in 


E 
= 
E 


the i f the Academy ha: Sea nae 
exertions o' ve irected to 
object—the improvement of the arte it i 
any other body incorporated for literary or scientific purposes, 
ee + ne a instance, and others, which sup- 

themselves by their own fun 
; when in the 1834 the House of Commons had 
sired the ing William 2V., requesting him to direct the Royal 
them with certain returns explanatory of the constitu- 


iff 


ibe 


tion of the body and its proceedings, the Academy, though protesting 
against the attempt to withdraw the Royal Academy from its immediate 


come under discussion in parliament, but it has been deferred. This 
uestion it does not fall within our province to consider, nor to ‘notice 
various attacks made on its constitution and administration, [t 
is sufficient here to have stated what these are. 
ROYAL SOCIETY (of London), consists of a number of persons 
associated together for the purpose of promoting mathematical and 


Philosophical societies for the cultivation or advancement of par- 
ticular branches of human knowledge existed, both on the Continent 
and in this country, before the end of the 16th century, In Italy, the 
Florentine Academy and the Academia della Crusea had been founded 
with the view of improving the language and literature of that country, 
France had its Academy of Painting and Sculpture, and its Royal 
Academy of Inscriptions ; and the Antiquarian Society in England was 
founded in 1572. 


in 1645, which must therefore have been while the civil war was raging 
in the country, several persons who then resided in London, at the 


Goddard, Ent, and Glisson, and Messrs, Haak and Forster (the pro- 
fessor of astronomy at Gresham College); and the place of their 
meeting was generally at Dr, Goddard’s lodgings, but they oceasionally 


invisible or philosophical society, 

Before the year 1651, Drs. Wilkins, Wallis, and Goddard, having 
obtained appointments at Oxford, went to reside in that city, where, 
being joined b 


till 1690, when the meetings terminated. It appears, however, that, 
in the beginning of 1659, all of them, except Mr. Boyle, who con- 
tinued to reside at Oxford till 1668, came to London, where they 
rejoined the friends who had remained there, and where the united 


ments which had been occupied for scientific purposes were converted 
into quarters for soldiers, and the members of the society were 
obli to disperse, 

e learn also from Dr. Wallis that, upon the restoration in 1660, 
the meetings were revived ; and on the 28th of November, in that 
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promoting physico-mathematical learning, similar to the voluntary 
pemerere by “3 men for other branches of knowledge in forei 
countries. At this time also a series of resolutions relating to the 
objects proposed by the society was drawn up, of which the follow- 
ing is a brief outline :—It was agreed that records should be made 
of all the works of nature and art of which any account could 
be obtained ; so that the present age and erity might be able to 
mark the errors which have been stre ened by long prescription, 
to restore truths which have long been neglected, and to extend the 
uses of those already known; thus making the way easier to those 
which are yet unknown. It was also resolved to admit men of different 
religions, professions, and nations, in order that the knowledge of 
nature might be freed from the prejudices of sects, and from a bias in 
favour of any particular branch of learning, and that all mankind 
as much as possible be engaged in the pursuit of philosophy, 
which it was proposed to reform, not by laws and ceremonies, but by 
practice and example. It was further resolved that the society should 
not be a school where some might teach and others be taught, but 
rather a sort of laboratory where all persons might operate indepen- 
dently of one another. Lastly, it was resolved that each member 
should subseribe his name to an agreement that he would constantly 
attend the society's meetings, if not prevented by illness or some 
indi ble busi ; that he should pay 10s. on his admission, and 
that he should subscribe 1s. weekly while he continued to belong to 
the society ; but from this obligation he was to be freed if he 
to withdraw. At the same time Dr, Wilkins was chosen chairman, 
Mr. Ball, treasurer, and Mr. Croone, registrar. It was agreed to meet, 
every Wednesday, from 3 to 6 o'clock in the afternoon. 

The revenue thus raised from the members was intended to enable 
the society to accomplish the various objects for which it was insti- 
tuted, and particularly to defray the expenses of the philosophical 
experiments which it was proposed to make. The intention was, that 

ns should be sent to travel abroad, for the purpose of collecting 
information, while others should remain in London, and present the 
“ yesults of their researches at the weekly meetings. It was determined 
that the members should be formed into committees for the con- 
sideration of the subjects which were to be illustrated by experiments, 
and that the performance of the latter should be assigned to persons 
who, by their particular talents, were best qualified for the duty. 
Some of the members also were to be appointed to examine all works 
on the natural history of foreign countries, that out of them they 
might prepare directions as a guide in making inquiries concerning 
the phenomena of the atmosphere and the currents of the sea, and in 
performing experiments on light, magnetism, &c. It was pro) to 
bring the results of the researches into one common stock, and to con- 
sign them in public registers for the benefit of future generations, 
without regard to any order in the arrangement; it being considered, 
that if subjects of a like nature were brought together, persons might 
be tempted too early to form general systems, which might be 
detrimental to the progress of philosophy. (Dr. Sprat, ‘ History of 
the Royal Society.’) 

Such were the plan and constitution of the infant society, which 
was destined, in its maturity, to hold so distinguished a place in the 
annals of science. Its first recorded steps, which took place Dec. 5, 
1660, consisted in appointing Mr. Wren, at the next weekly meeting, 
to perform an experiment on the vibrations of pendulums, and Lord 
Brouncker to bring in a series of instructions for conducting some 
experiments (relating to the temperature, moisture, &c,, of the air), 
the performance of which on the Peak of Teneriffe it was intended 
to procure. 

A week afterwards it was resolved that persons desiring to be 
admitted should be recommended by some member, and that the 
election should take place by ballot. No one below the rank of a- 
baron was to be admitted without a scrutiny; and the number of 
metnbers was to be limited to fifty-five, of whom twenty-one were to 
be a quorum for elections and nine for other matters, It was agreed 
also that the fellows of the Royal College of Physicians and the pro- 
fessors of mathematics and natural philosophy in both universities 
should, if they desired, be admitted as supernumeraries on paying the 
fees and lending their assistance when convenient. The restriction 
respecting the number of members was however soon afterwards taken 
off; and, at this time, candidates who were proposed on one evening 
were often admitted at the next, or at the second following meeting, 
though the practice respecting the interval between the application 
and the admiasion seems to have been very variable. The president or 
chairman held his post sometimes during the evening only, sometimes 
he was appointed for a month, and he was occasionally re-elected. 
Two persons were appointed to superintend the arrangements for per- 
forming the experiments, and one of the members acted as a 
reporter at the mectings. An amanuensis for copying minutes, and an 
operator under the superintendents, were engaged as servants, and 
received salaries. 

In that age, the constitution and qualities of material bodies being 
very hespertoeily known, suggestions founded on ill-observed pheno- 
mena, and the marvellous relations of credulous travellers, were often 

t of consideration from the bare possibility that they 


might lead to the sgestlpy d of useful truths; and this circumstance 
tay serve to account for the apparently absurd inquiries and experi- 
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ments which appear in the notices of the soci 


fishes; he was also desired to inquire into the truth 
stance mentioned by Schotter— a fish 
would turn towards the wind. And in the same year, 
that a spider could not get out of a space enclosed within a circle 
formed of powdered unicorn’s horn was actually made the subject 
an experiment. The met, 2g will however fo’ these 
occupations of the society w he meditates on the works 
Newton and a Davy, which are also recorded in the pages — 
history. icine 
The society having presented an address to the king (Charles IL. 
his restoration, his majesty expressed much satisiaction 
institution had originated in his reign, and promised to 
with his influence. And in 1662, by the concurrence, it is said, 
Lord Clarendon, the chancellor, Sir Geoffry Palmer, the 
general, and Sir Heneage Finch, the solicitor-general, he gra: 
charter, by which the members were incorporated into a society con- 
sisting of a president, council, and fellows, under the name of the 
Society. In this they were declared capable of holding lauds, 
tenements, &c. in perpetuity or otherwise, and of suing or ! 
in any court of law; a coat of arms was given them, and they 7 
allowed to have a common seal for their use. William Viscownt 
Brouncker was appointed president, and twenty-one persons were 
wpectees by name to form a council, It was further regulated that 
president should be elected annually on St. Andrew's day, and that — 
ten of the council should, at the same time, be replaced by ten other — 
oe chosen from among the fellows. (Birch, ‘History of the 
oyal Society,’ vol. i; Weld, ‘ Hist. of Royal Soc.’ vol. i) This 
charter being found not sufficiently explicit, in the following year 
another was obtained, in which the president and fellows are des 


ting natural knowledge; and pe: eo after 


Birch, ut 
sup.) Between 1661 and 1664, the king made saveesl islet to the 
society, and on those occasions experiments were exhibited, for the 
preparation of which committees of the members were appointed. In — 
1663 his majesty bestowed a mace on the society, and in 1664 he 
signed himself, in the Charter-book, its founder ; at the same time the 
duke of York (afterwards James II.) signed himself a fellow. PY 
The Royal Society of London may now be said to have been com- 
pletely formed, and it must be considered as the oldest of its kind in 
urope, if we except the erg fie the Lyncei at Rome. The 
Académie Frangaise, which, in 1635, had been established by Richelieu 
had for its object only the improvement of the French language; and 
though, in 1657, a number of learned men, among whom were — 
Descartes, Gassendi, and Roberval, were accustomed to assemble at 
the apartments of Pére Mersenne in Paris, for the purpose of n 
philosophical experiments, and of reading the solutions of su 
mathematical problems as, according to the general practice of that 
age, had been proposed to them, yet it was not till 1666 that Louis 
TY., at the suggestion of M. Colbert, founded what was then called 
the Royal Academy of Sciences for purposes similar to those which 
engaged the attention of the Koyal Society. To the latter therefore 
belongs the honour of having preceded the former in time, and 
probably that of having in some measure led to its formation, It 
must also be considered as having been the parent of the numerous 


scientific institutions which have since been formed in the British 


Isles as well as on the continent. taht 
From the time of the charter being granted, the business of the 
society assumed more importance, and in 1664 Mr. Hooke was 
appointed curator, with a salary of 80/, per annum. The west gallery 
of Gresham College was appointed as a repository for the instruments 
which were under his charge, and for a museum of natural curiosities — 
which had been given by Mr, Colwal, one of the members, Sir John — 
Cutler also settled on Mr. Hooke 50/. per annum, in consideration of 
his delivering a course of lectures on the History of Nature and Art, 
under the regulation of the society; and the latter, in the same year, 
formed itself into seven committees for the purpose of considering the 
different subjects of which it was cognizant. These were mechanics, 
astronomy and optics, anatomy, chemistry, agriculture, the history of 
trade, natural phenomena; and there was, besides, a committee to 
manage the correspondence. The Royal Society early received many 
bes of bp agrees eee nations, as well as from the 

nobility and the learned in this country. It corresponded frequen 
with the scientific men in France, mea it was invited peg cores 
“The 


Leopold, the brother of the grand-duke of Tuscany, to keep 

mutual ‘communication with’ the philosophers of Florence. . 
Germans published in their books favourable testimonials of its 
labours, and foreigners of distinction often attended its weekly 


meetings. t 
The first portion, or number, of the ‘ Philosophical Transactions, as 

the work which the society published was ; on 

Monday, March 6, 1665. It contained sixteen quarto , With an 


introduction by the secretary of the society, Mr. O x 
considered as the editor; and it was intended that one such number — 


, Who was 


ROYAL SOCIETY. 


ROYAL SOCIETY. 


206 


shed on the first Monday of every month. After the 
came out (June, 1665), the public meetings of the 
discontinued on account of the plague which then 
|; but it from a letter written by Mr. Boyle, at Oxford, 
enburg, who remained in London, that several of the members 
then in the former city, and that they met and made experi- 
‘at his lodgings.. From these iments and the communica- 
_ tions made by some of the members, there were formed three more 
numbers of the ‘Transactions ;’ these were published at Oxford ; but 


of the work was changed in 1679 to that of ‘ Philosophical 
Collections,’ when Dr. Hooke became the editor; but the former title 


sam 

ashes, having compelled the authorities of the city to take 
rooms hitherto occupied by the society, the latter gratefully 
offer of apartments in Arundel House, and it mét there 
time in January, 1667. The munificent owner of the 
. Henry Howard of Norfolk (afterwards earl marshal of 
),at the same time presented the society with the library 
purchased by his grandfather, Thomas, earl of Arundel, 


valuable library, consisting of several thousand printed 
and numerous manuscripts, thus became the property of the 
ly took measures to put it under the care of 
officers, and it has been subsequently greatly increased by 
yurchases, Being probably anxious to trespass as little 

; ‘on hospitality of the noble family to whom the mansion 

‘ Sebeget tke society proposed (November, 1667) to raise, by subscrip- 
tion among its en er build a college for itself; and by 

_ May in the following year 1000/. were subscribed. Mr. Howard at the 
same usly promised to give the ground for the purpose. 
‘The same gentleman also offered a design for the building, and both 
and Mr. Hooke gave plans; but it does not 


a 
E “ 
e 
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Soon after this time the = of the society seems to have 
i 1667, when Dr. Sprat's ‘ History’ was 
published, there were nearly 200 members; in 1673, it appears that 
_ the number was only 146, and of these 79 were persons who had long 
to pay their subscriptions. This great number of defaulters 
gave much uneasiness to those who wished well to the society ; and 
the latter, besides making pressing applications for the arrears, seriously 
an attempt to enforce payment by legal processes. It 
not appear that this last measure was ever put in practice, and 
the council adopted a more effectual means of promoting the welfare 
of society in charging themselves with the duty of delivering 
on philosophical subjects, and in meree® number of good 
experiments, The first lecture, in pursuance of this plan, appears to 
have been delivered in 1674, by Sir William pe Cie it was ordered 
to be printed. The president (Lord Brouncker) proposed, in 1668, 
that a silver medal, worth about twenty shillings, should be given to 
any fellow, not a curator, who should make before the society any 
i periment, 
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ill, in 1706, a sum of rer ry hee the pu of 
advancement of natural knowledye, to be read 
; this did not however come into operation 
38, when the was delivered by Dr. Stuart. The Bakerian 
on electro-chemiatry was founded in 1774, and the first was 
in 1775, by Mr. Peter Woulfe. 
infancy of the society a due attention to the characters of 
persons admitted as fellows does not appear to have been always 
ven; and, in consequence, many joined who neither paid the fees 
contributed any information at the meetings, and, at the same 
number of those who were excused the payments was 
great a i to the whole. In order to remedy 
in 1682, the Sir er Wren, brought in 
t of a statute in which it was that any person pro- 
candidate for admission should give his name to some mem- 
council ; at the next or at. some following ‘meeting of the 
it was to be considered whether the proposed candidate was 
ey oe if are sae 
idate was to formally posed at the next 
afterwards balloted for as usual, Gaile alection he was 
book, and on or before being admitted, he was to 
prescribed fees. In the same year it was agreed that none 
beso ean ee al th sighed 
who were exe’ 6 payment e 
the weekly subscriptions were such as, from the 
thelr circumstances, were unable to incur the expense, or 
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such as, from the services which they rendered to the society, might 
justly claim the exemption: among those who petitioned to be 
excused on the former ground is to be found the name of Newton, 
then resident at Cambridge. 

It was proposed, in October, 1674, to refuse to strangers the per- 
mission, which had been before granted, to be present at the meetings 
of the society, from an opinion that members might be unwilling to 
bring forward their communications in the presence of such persons, 
And at the same time it was proposed that the members should bind 
themselves not to divulge what passed in their meetings, it being 
thought prejudicial to the interests of the society that the particulars 
of the experiments and communications should be made known before 
they appeared in the printed ‘Transactions.’ We read that, on one 
occasion only, a lady was permitted to be present at the meetings of 
the society; this was in 1667, when the Duchess of Newcastle, having 
expressed a wish to that effect, it was agreed to invite her grace, and 
some experiments, which had been prepared for the purpose, were 
repeated in her presence. 

By the death of Dr. Wilkins (then bishop of Chester), one of the 
earliest members, the society obtained a legacy of 400/., which, in 
January, 1675, was laid out in the purchase of an annual income of 24/. 
from certain fee farm rents at Lewes, in Sussex ; and in January, 1682, 
the college and lands in Chelsea, which had been granted to the society, 
were sold to the king for 1300/.; this sum was soon afterwards vested 
in African and East Indian stock, and from that time the society began 
to possess a permanent revenue. Till the year 1668 no fixed salary 
was allowed to the secretary; but Mr. Oldenburg, who had long held 
that post, received 50. occasionally, and in that year it was agreed to 
allow him 40/. per annum. After his death (1677) two secretaries were 
appointed, with salaries; but in 1685, Mr. Aston and Mr. Robinson 
declining on a sudden to serve the society, the council resolved, in 
order to avoid the inconvenience of being so deserted in future, to 
have two honorary secretaries; it was agreed also to have a secretary 
with a fixed salary to transact the business, and the qualifications 
required in the person who should fill the latter post are stated at 
length in Birch’s ‘ History,’ vol. iv, Of the former, Sir John Hoskyns 
and Dr, Gale were the two first; and in January, 1686, Mr. Edmund 
Halley was appointed the paid secretary, at 50/. per annum. 

In 1701, the society, which till this time had continued to hold its 
meetings in Gresham College, removed to a spacious house which it 
purchased in Crane Court, Fleet Street. This house afforded room for 
the meetings, for the library, and for the museum of curiosities ; and 
here the reading of eg and the exhibition of experiments took 
place, as before, till the year 1782, when the government assigned to 
the society apartments in Somerset House. On removing to the latter 
place, it became necessary to dispose of the museum for want of room ; 
but this inconvenience was obviated in 1826, when the rooms formerly 
used by the commissioners of the lottery were given up to the society, 
The rooms in Somerset House were resumed by the government in 
1857, other and more commodious apartments being granted in their 
stead in Burlington House, Piccadilly, 4 

In 1703 Sir Isaac Newton was appointed president of the society, 
and this honourable post was held by the greatest of philosophers till 
his death, which happened in 1727, The experiments of Newton on 
telescopes and on light and colours were amongst the first subjects 
which gave a value to the ‘ Transactions’ of the society ; and the latter 
showed its sense of the honour which it derived from being able to 
number him among its fellows, by publishing in 1686, the first edition 
of the ‘ Principia.” [Prrxcrrta.] 

The service rendered to the cause of science from the beginning of 
the 18th century has earned for the society the respect and gratitude 
of every man to whom the advancement of the human intellect is an 
object of high consideration. The society numbers among those who 
are and whe have been its members some of the brightest ornaments 
of philosophy and human nature ; and it may be said that a large pro- 
portion of the discoveries by which the face of science has been 
changed have been made known to the world through the papers 
published in the volumes of its ‘ Transactions.’ 

It has been said above that the ‘ Philosophical Transactions’ were at 
first published in monthly numbers : these were afterwards collected into 
volumes,and, from the commencement in 1665 to the year 1800,the work 
consisted of 90 volumes. From that time a volume has come out annually, 
and, up to the present year (1861), 150 volumes have been published. 
It appears that, till the 47th volume was published, the printing 
of the ‘ Transactions’ was entirely the act of the several secretaries, 
the society never ema 8 itself further in that matter than by 
occasionally recommending the revival of the publication, when from 
any circumstance it appeared to be suspend 
mittee was appointed to consider the rs which were read before 
the society, and to select such as should be ju most proper to 
appear in the future ‘ Transactions,’ and this practice has ever since 
been followed. The society, however, constantly declares that it 
never, as a body, gives its opinion on any subject, whether of nature or 
art, which comes before it, facts and reasonings stated in their 
papers resting entirely on the credit and judgment of their respective 
authors. 

Honorary recompenses have been liberally bestowed by the society 
on persons distinguished by their discoveries in pure science or in phi- 


But in 1752 a com- 
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losophy. The first oceasion on which the society became possessed of 
the means of so rewarding merit arose from a bequest of Sir Godfre: 
Copley, one of its members; this gentleman, at his death in 1709, le 
1001, the interest of which, or 5/., was to be given annually to the 
person who, in the course of the preceding year, had written the best 
paper on any subject relating to experimental philosophy. The dona- 
tion has since been put in more liberal form of a gold medal, and 
it is awarded indifferently either to foreigners or Englishmen, for the 
sake of encouraging an honourable competition among the philosophers 
of all countries, 

In 1796, Sir Benjamin Thomson (Count Rumford) presented to the 
society 1000%, in the 3 per cent. stock, for the purpose of forming, with 
the interest for two years (60/.), a biennial prize to be given for the 
most important discovery, or the most useful improvement, made 
during the two preceding years on heat or on light. The prize is given 
in the form of a gold and a silver medal, both of which are struck in 
the same die. During several of the biennial periods no opportunity 
eoourred of awarding the prize, and at these times the interest was 
added to the principal sum, The interest of this additional sum is 
always given with the two medals; and the first who received the 

wixe was Count’ Rumford himself, in 1800, and the second was 
Bcmener Leslie. (1804). In 1825 his Majesty George IV., for the pur- 
pose of further promoting the objects and progress of science, made to 
the society an annual grant of 100 guineas in order to establish two 
prize medals, which are to be presented to the persons who during the 
year shall make the most important discovery in science or art; and in 
1526 the medals were awarded to Mr. John Dalton and Mr. James 
Ivory. 

On delivering to a gentleman the medal which had been awarded to 
him for his discoveries in science, Sir John Pringle, who held the 
office of president from 1772 to 1778, made it a rule to deliver a 
speech, in which, after touching on the history of that branch of phi- 
losophy to which the discovery or communication referred, he stated 
the particular points in which the individual had distinguished himself. 
The first of these speeches was made on presenting to Dr. Priestley 
the gold medal for his entitled ‘ Observations on the Different 
Kinds of Air, which had been read before the society in March, 1772. 
This liberal practice, by which the value of the testimonial to the 
receiver is so much enhanced, is still continued ; and it is also become 
customary, at every anniversary meeting, to notice, in an appropriate 
speech, the vlc circumstances in the life of any distinguished 
member who may have died during the year. 

It is perhaps impossible that, in a large body of men engaged in 
similar pursuits, differences should not arise ; and the Royal Society 
has not been entirely free from the evils attending disagreements 
among its members. It will be enough to refer to the dispute about 
the comparative advantages of blunt and pointed conductors for pro- 
tecting buildings from the effects of lightning, which in 1778 arose to 
such a height that the president, Sir John Pringle, felt himself com- 
pelled to resign [Prrveie, Joun, in Bioc. Drv.}; and to the accu- 
sations at a later period against Sir Joseph Banks of partiality in the 
disposal of the medals. and even in the election of members. In the 
first instance, the president may have erred in putting himself at the 
head of a party in the society; but it is probable that most of 
the grievances subsequently complained of originated mainly in_ the 
disappointed expectations of ambitious individuals. If at any time, 
however, the complaints have not been without foundation, the ele- 
vated character of the —— which for many years have been published 
in the ‘Transactions’ shows that the interests of science have been 
generously placed above every private consideration. 

According to the present statutes of the society, every candidate for 
admission must be recommended by a certificate in writing signed by 
six or more fellows, of whom three at least must sortify that the 
recommendation is from personal knowledge; and the name, qualifi- 
cations, &c., of the candidate must be entered in a book kept for the 
purpose. At the first ordinary meeting in March of each year a list of 
the names of all candidates proposed subsequently to March 1 of the 
preceding year, is suspended in the meeting-room till the day of 
election ; and a printed list is forwarded to every fellow of the society. 
From this list the council select by ballot fifteen names to be recom- 
mended to the society for election. The election takes place on the 
first Thursday in June, when the person elected must for 
admission on or before the fourth ordinary meeting of the society 
after his election ; and previously to such appearance he must pay the 
sum of 10/. for admission money; he must also pay 4l. per annum as 
long as he continues a fellow of the society; but the annual payments 
may be compounded for by paying at once the sum of 601. Fellows 
are entitled gratis to a copy of the ‘ Philosophical ions,’ com- 
mencing with that volume which is published next after their admission, 
Any fellow disobeying the statutes or orders of the society or council, 


or defaming the society by speaking, writing, or or doing any- 
rmsd detrimental or dishonourable to the ee will be ejected 
rom it, 


A prince of the blood, a peer of the United Kingdom, a member of 
the privy Sopa aceite we ip tos onto rince, or the yo of such 
prince, may at one o meetings of the socie 
and voted for on the same day, notice having been reat book Gee. 
posal at the preceding meeting of the society. Foreign members are 


exempted from the obligations which eog fellows are enjoined to 
perform ; but their number is not to exceed fifty. ° 

The council and officers for the year are elected on the 30th 
of November; the latter consist of the president, treasurer, principal 
secretaries, and foreign The new council consists of eleven 
members of the existing cou and of ten fellows who are not so. 
These are nominated previously to the anniv meeting. 

The ordinary meetings of the society are hela once a week, from 
the third Thursday in November till the third Thursday in June, at 
we Tce 8 p.m, in the apartments at Burlington House, 

ROYALTY. The French words roi and royal correspond to the 
Latin words rex and regalis ; and from royal has been formed royalté 
(now royauté); whence has been borrowed the English word J. 
The corresponding Latin word is regalitas, which occurs in the 
of the middle ages. (Du , inv.) 

Royalty properly denotes the condition or status of a person of royal 
rank, such as a king or queen, or reigning prince or duke, or any of 

[Kixe.] The possession of the ro 


their kindred. [ status or con- 
dition does not indicate that the possessor of it is invested with 


determinate political powers ; and therefore royalty is not equi ; 
to monarchy or sovereignty. The powers ree tos ( by pate of royal 
dignity have been very different in different times and 3 and 
have varied from the performance of some merely honorary functions to 
the exercise of the entire sovereignty. The kings (tvaxres, BaoiAjjes) 
of the Homeric age were pro’ a governing class of nobles. (See 
Miiller, ‘ Hist. of Liter. of Greece,’ ch. iv, § 1.) Thus Telemachus 
that there are many kings in I both old and young, 
himself (‘Od.’, i. 394); and Alcinous says that he rules over the 
Pheeacians, with twelve other kings (‘ Od.’ viii. 390). As popular 
institutions were developed in Greece, the office of king in 
several states, merely honorary, and was icularly connected with 
the performance of certain ancient religious rites. Thus at Athens, 
the king-archon (&pxwy BaoiAebs) was an annual officer, who had the 
superintendence of religious affairs; his wife was called, during the 
year of office, BaciAiwoa, or B peo (Compare Hermann, ‘Gr, Ant., 
§ 56.) Rome likewise retained, after the expulsion of its kings, a ne 
sacerdotal officer, named the king of the sacrijices (rex sacrificulus), w! 
rformed the sacred rites which had formerly been pei the 
i a, tke soenpee Sa Dene et pth Ryne ooh 
military and sacerdotal aristocracy of the tri id not possess 
the entire sovereign power (“nec regibus infinita ac libera potestas,”) 
says Tacitus, ‘Germ.,’7. [Krnc.] , 
In popular discourse royalty is made equivalent to monarchy or sove- 
reignty ; and a king is called monarch or sovereign without any re- 
ference to the fact whether he possesses the entire sovereign power 
or only a portion of it. 
It may be added, that the attribute of royalty is sometimes trans- 
ferred metaphorically to certain animals or species of animals, in order 


to denote minence. Thus the principal bee in the hive is called 
the queen-bee; the lion is known (particularly in fables) as the king 


of animals; and a species of tiger is styled the royal tiger. Compare 
SovEREIGNTY. 


Royalty is also used to describe certain rights in property. Thus on 
the working of mines of gold and silver in the United Kingdom, the 
sovereign is entitled to a royalty, as is also the Prince of Wales, as 


Duke of Cornwall, on the working of tin mines. The term is likewise 

applied to the san pcb use of a patent ora copyright. 
RUBEFACIENTS are external agents which cause redness of the 
part to which they are applied. If long continued, they may, according 
to their nature, produce inflammation and some of its consequences. 
In such circumstances they are termed Bristers, or EscHarorics. 
It is however a di of action short of what entitles them to these 
appellations which is now contemplated. Thus friction with the hand 
or warm cloths often relieves spasmodic or neuralgic pains; and a hot 
inflammation of s' 


poultice or warm fomentations lessen or 
even deep-seated Embrocations, when of a stimulating kind, 
act as rubefacients ; and blisters kept in contact with the for 


a short time only, cause redness of the part, and some remote 
effects of a very beneficial kind. Many cases of fever in the sinking 
stage may be recovered by a succession of flying blisters, as these tem- 
porary rik pectic are termed, placed on different parts of the body, 
over parts where the skin is thin. Their action be 
expedited by previously rubbing. the part with proof spirit or of 
the acetum can- 


also very usefully applied to the spine in many neryous, and some 
cutaneous diseases. ¢ 

RUBEOLA is the name given ‘by Sauvages, in 1768, to the disease 
known as measles . He was followed by Willan, Bateman, 
and other writers on exanthematous diseases. Previous to the time 
of Rrrpagee Shep tacasice was called Sarthe eee ae 
ado many medical writers, The term rubeola has been re- 


. 


cen’ ly app ied by Dr, Copland and other writers, to a disease which 
has called by Hildebrand and other German writers Rétheln. 
This disease possesses characters in common with measles and scarlet 
fever, and is supposed to be a hybrid disease ori 

of these two diseases, However much such a 


in the poisons 
may be open to 


—e 


ee ee ee 


RUBERYTHRIC ACID. 
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; seems to be no doubt in the minds of many writers 
the. is very frequent, and that it is confounded with its 
ent diseases, “The following definition of this disease is given 

, in his ‘ Science and Practice of Medicine.’ “ A specific 
i preceded by and accompanied with fever, watery dis- 
the eyes and nose, sneezing, and sore throat. The erup- 
the third or fourth day, and consists of crimson 

idly running together into patches of an irregular shape, 
of sizes varying from a threepenny to a crown 
@ severity of the case. The eruption continues 
, and terminates in desquamation by furfuraceous 
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distinction between this disease and scarlet fever and measles 

pointed out by Dr. Paterson of Edinburgh, and by Dr. Heim 
in, The onitory fever is longer than in scarlet fever, and 
same time as measles; scarlet fever appearing on the second 
rubeola and morbilli on the third or fourth. The rash is more 
easily confounded with scarlatina than morbilli. It seldom however 
is of a uniform red as in the first, and the spots are larger than in 
measles. The eruption in scarlatina and measles remains but three 
days, whilst in rubeola it remains from five to ten days. The sore 
throat is a marked symptom of rubeola in its mildest forms, whilst 
this symptom is very slight in mild cases of scarlatina, and altogether 


a 


& 


absent in is a frequent attendant on scarlatina, but 
very rare in rubeola, affections of the lungs are common in 
measles but not in rubeola, 


Like scarlet fever it is sometimes a rapidly fatal disorder. The 
treatment of this disease must be similar to that of scarlet fever. In 
mild cases little needs to be done. [Scartativa; Mras.es.] 

RUBERYTHRIC ACID. [Mapper, CoLovrrye Matters or.) 

RUBIACIC ACID. [Mapper, CoLourixe Marrers or.] 

RUBIACIN. [Mapper, Cotovetya Marrers or.] 

RUBIADIPIN. A resinous substance contained in madder root. 


RUBIAFIN. [Mapper, CoLovrrse Marrers or.) 
RUBIAN. pER, CoLouRING MatrTers oF.]} 
RUBIANIN. 


> pER, CoLounrnc Matrers 1. 
RUBICHLORIC ACID. [Mapper, Corovrtyc Marrers or.] 
RUBINDINIC ACID. [Ivxprao.] 

RUBINIC ACID. [Tannic Acrps.] 

RUBIRETIN, [Mapper, Coovrtnc Marrers or.] 
RUBITANNIC ACID. [Tawnic Acrps.] 

RUBLE. ONEY.] 


RUBRIC ( the Latin ruber, red), a name given to the titles of 
in certain ancient law-books ; and more ially to the rules 
and directions laid down in our Liturgy for regula the order of the 


service. These, in both instances, were formerly written or printed, as 
the case might be, for distinction’s sake, in red characters, and have 
retained the name though now printed in black. 

RUDDER. [Sutr.)} 

RUDOLPHINE TABLES. [Keprter, in Broo. Drv.] 

RUE (Ruta graveolens), a plant, native of the south of Europe, 
—— = een & rer and a a * yellowish- 
green ur. Every part of it is y transparent clots, filled 
with volatile oil. leaves and immature fruits are officinal, and 
aera be tne Wenetian ol i ee ce The odour 

, strong, penetrating; taste intensely bitter, aromatic, 
ah vaimelotogs One hundred parts of the teak herb dry into 
twenty-two parts. The quantity of oil obtained by distillation with 
water varies much according to the period of growth when it is col- 
lected. Thirty pounds of the fresh herb before flowering scarcely 
yield one drachm, while twelve pounds with the fruits almost ripe 
yield nearly one ounce. Rue possesses powerful, stimulant, anti- 

\ tonic The careless handling of the fresh 

sometimes causes rubefaction and vesication, and its improper 
employment internally has produced serious results. When judi- 
used, it is very serviceable in hysteria and other convulsive 

; but its incautious administration by nurses to infants should 


be against. 

of rue obtained from the fresh herb is green, from the dried 
herb yellow. It has the peculiar odour of rue, and a bitterish, acrid, 
cardamum-like taste. Its specific gravity is 0°911. It does not redden 
a The oil met with in commerce is rarely genuine, being 
a compound of oil of turpentine with petroleum and oil 


rue, : 
The pollen of the flowers produces inflammation of the skin, and any 
~ day received into the eyes causes violent lachrymation and other painful 


Rue is frequently cultivated as an ornamental plant, for which its 
ee are, their — hue, and the profusion of fine dark 
yellow appearing for several months in succession, adapt it 

ly well. It may be increased by seeds, slips, or cuttings. 
The seed should be sown in March, and when the young plants are 
two or three inches high they should be put out in nursery rows; but 
slips or cuttings is best, especially for continuing 

|, of w! there are three or four. 

RUFIGALLIC ACID. [Gattic Act.) x 

RUFIN. LORIZIN. | 

RUFINIORIC ACID. [Tanntc Actps.] 

ARTS AND SCI, DIV, VOL. VII. 


RULE OF THREE. [Turee, Rue or.] 

RULE (in Law) is an order of one of the three superior courts of 
Common Law. Rules are either general or particular. 

General rules are such orders relating to matters of practice as aré 
laid down and promulgated by the court for the general guidance of 
the suitors; the power of issuing rules for regulating its practice being 
considered incident to the jurisdiction of the court. _ By recent acts 
of Parliament, the judges are authorised to make rules of a more com- 
prehensive nature, relating as well to pleading as to practice. Formerly 
each court issued its own general rules, without much consideration as 
to what was the practice in other courts. Of late the object has been 
to assimilate the practice in all the courts of common law. 

Rules not general are such as are confined to the particular case in 
reference to which they have been granted. Of these, some, which 
are said to be “ of course,” are drawn up by the proper officers on the 
authority of the mere signature of counsel, without any formal appli- 
cation to the court; or in some instances—-as upon a judge’s fiat or 


allowance by the master, &c.—without any signature by counsel; . 


others require to be handed in as well as signed by counsel, Rules 
which are not of course are grantable on the application, or, as it is 
technically termed, “the motion,” either of the party actually interested 
or of his counsel. Where the grounds of the motion are required to 
be particularised, the facts necessary to support it must be stated in an 
affidavit by competent witnesses. ter the motion is heard, the court 
either grants or refuses the rule. A rule, when granted, may, according 
to the circumstances, be either “to show cause,” or it may be “absolute 
in the first instance.” The term “rule to show cause,” also called a 
“rule nisi,” means that unless the party against whom it has been 
obtained shows sufficient cause to the contrary, the rule, which is yet 
conditional, will become absolute. After a rule nisi has been obtained, 
it is drawn up in form by the proper officer, and served by the party 
obtaining it upon the party against whom it has been obtained, and 
notice is given him to appear in court on a certain day and show cause 
against it. He may do this either by showing that the facts already 
disclosed do not justify the granting of the application, or he may con- 
tradict those facts by further affidavits. The counsel who obtained 
the rule is then heard in reply. If the court think proper to grant the 
application, or if no one appears to oppose it, the rule is said to be 
made “absolute.” If they refuse the application, the rule is said to 
be “ discharged.” 

Rules may be moved for either in reference to any matter already 
pending before the court, as for a change of venue in an action already 
commenced, or for a new trial, &c.; or in respect of matters not 
a before the court, as for a criminal information, a mandamus, 


A copy of a rule obtained from the proper officer is legal proof of 
the existence of such a rule. 

RULE, RULER. Ina mechanical sense these words are both used 
for a straight piece of wood, brass, or ivory, from which a straight 
line is drawn on paper by guiding a pen or pencil along the edge. 
These rules or rulers are convenient for the laying down of scales, on 
which point see Scare; Szcror ; Sirprc-Roce. 

The word rule, in its more common sense, means a set of directions 
for the attainment of any required object, and various rules will be 
found in this work, scattered under many heads, -The word rule is 
generally dropped ; thus we do not speak of the rule of addition, or 
the rule of subtraction, but simply of addition or subtraction. In 
some isolated cases the word rule is most usually retained, as in the 
rule of three [Turez, Rute or) and the rule of false. [Fatsz 
Postion.) 

A rule differs from an algebraical formula only in the language 
employed ; both the former and the latter indicate processes to the 
mind. The rule describes its data at length, and requires many more 
signs than the formula, which however is much more intelligible than 
the rule, so soon as its symbols are well understood. For example, 
when it is known that a,b,c are the units in the sides of a right- 
angled triangle, the formula for determining ¢ is—- 


c= V/ (a + 3): 


the rule is—To find the hypothenuse of a right-angled triangle, 
multiply the number of units in each side by itself, add the products, 
and extract the square root of the sum: this square root is the number 
of units in the hypothenuse required. It might perhaps be thought 
that the preceding rule mlahd bape been expressed more briefly, but 
the practice of abbreviating the language of rules is almost sure to 
destroy the sort of advantage which, in one point of view, they possess 
over a formula. A rule should embody a description of the object 
to be gained, and the process by which it is to be gained; it should 
also point out the step at which it is gained, and everything necessary 
to describe the result. It should even specify the case in which the 
rule is to be used, or that in which it becomes necessary rather than 
any other; and should be so complete in itself, that any reader of 
that class to whom the book id idivieoat might learn all it teaches 
(that is, oe but the demonstration) by reading only what comes 
between the word Rue and the full stop at the end of it. Thus, 
though we have described the pi rule in words which some 
persons may think too many, we should say that they are not too many 


for the student who is somewhat of a mathematician, and too few for 
P 


nt RULER, PARALLEL. 


RUMB. 


if however many rules are to be learned, it would in all probability 
be found more easy to learn the symbols of alegbra, that is, to learn to 
read an algebraic expression and to use formule, than to recur 

uently to rules, . : 

OL , PARALLEL. A good form of this instrument is 
explained under Margvor's Ruters, which is particularly applicable to 
the case in which numerous and related parallels or dioulars are 
to be drawn. The ordinary instruments are of two kinds, which might 
well be called el rulers and parallel rollers. 

The princi 


if 


ges 
remaining parallel to the first side and its lels. Two 
rulers are connected by two cross-bars of equal lengths, 
vots in the rulers in such manner that the four pivots, 

er, shall be the four points of a parallelogram. The 
two pivots on the same ruler is always made parallel to 
the ruler. One ruler being held fixed, and a line drawn 
of the other ruler in any position, then any motion, 
other ruler by the rotation of the cross-bars gives, on the 
of the moving ruler, a line parallel to the first line. The defects 
construction are, that the four pivots may not make an accurate 
parallelogram, in which case the instrument is worthless: and the 
sides of the two rulers, when the instrument is closed, may not be 
— to one another, in which case all the lines must always be 
off the same ruler, Moreover, one ruler remaining fixed, there 
command of sercing er it i 50 ae = in te 
uired, it may that the first ruler has to vanced, 
reagan rey up fag gen first ruler advanced again, and so on, 
to the rotation of the pivots, this gives an oblique motion 


uired parallel is gained, that the point through which it is to be 
drawn is off the ruler. To meet this Giadvanene: Gal to give the 
instrument more extent, three rulers are sometimes put together, each 
connected with the next by cross-bars in such manner that the cross- 
bars connecting the first and second have an opposite revolution to 
those connecting the second and third. At its best however this 
instrument is rather clumsy; but, such as it is, it is safe and easily 
earnt, when well made. 
The simplest —_ of roller is = common round ruler, ie Age 
a little practice, will draw parallels for ordinary use very well. It is 
practice in the use of poe Ree eoe al aarp this way ; 
the ruler being held in the middle and gently allowed to take its own 
rolling motion. If a ring be well drawn round the ruler, it is good 
practice in dra’ perpendiculars to adjust the ruler so that the ring 
roll over the line to which iculars are to be drawn. Buta 
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bevelled and divided into equal 
the other into inches and twe' 


come opposite each other. A roller is let into a space cut out 
of the middle of the ruler, in such manner as to project a very little 
way from the under and upper faces of the ruler. n the instru- 


down on My an 
case the roller (the efficient ends of which are toothed cylinders, the 
middle part being in a er rolls easily, and additional stability is 
if, while it rolls, one of the bevelled edges be kept slightly on 
The ends of the roller are uated and a fixed index is 
in the frame, so that by allowing equal numbers of divisions to pass 
the index at each roll, a good approximation (though not quite with a 
dranghtman’s accuracy) may be made to equidistant parallels. 
to a given line are drawn by adjusting the ruler so that 
divisions of the bevelled edges may travel on the given line. 
a little practice this isan instrument of great power and 
accuracy. using it, draw a line with it, roll it away, and then 
roll it up again to that line, and see if the coincidence is as perfect as 
Various other modes of trial will themselves ; indeed 
no one should use a parallel ruler at all until he has drawn pairs of 


parallels across each other, and satisfied himself that he t th 
"opposite uite “ees 


sides quite equal. 

rough construction of this kind was (perhaps is) sold under the title 
of ‘ Schlesinger’s Patent,’ in which a round ruler of wood is simply con- 
nected with a flat bevelled ruler, so as to carry it when it rolls. This 
to rule lines for writing, but it may be made to do good 

service as a parallel ruler for other purposes. ry 
RUM is a spirit distilled from the sugar-cane, that is, from cane- 
juice; or from the scummings of the juice from the boiling-house ; or 
treacle, or 3 or from “ dunder,” the lees of former distil- 
lations, What is called pine-apple rum is not distilled from different 


Substances :' it is simply flavoured with slices of ple put into the 
puncheon, As the per bs juice of the cane is nd poor oll 0h making 
rum, the distillation is carried on in gg Scag a with the manufacture 


and ‘Trinidad, : tat cheep 
reaches 90 ons ewt. early one gallon of proof rum may 
be made apie elon of molasses. he 
The rum consumed in the United Kingdom is entirely the f ab ad 
of the West Indies, and toa great extent of the island of a, 
which is of a superior quality. For many years the home demand has’ 
not taken off the whole supply ; and the surplus, which consists fly 
of the Leeward Islands rum, and other kinds of inferior quality, is 
exported. 
British 


consumed in the United Kingdom ; and an additional 3d. per gallon on 
rum not the production of the country whence imported. 

The rum imported in four equidistant years will show the recent 
progress of the trade :— i 


1844, 5 > . é + 3,120,010 gallons. m 
1849 . . . . . « 5,806,827 ,, ok 
tS Se i ee det i<; 
1859s . : « « 6,878,587 ~,, 


The computed real value in 1854 (the first year in which such values 
were calculated by the Customs), was 1,490,661/.; from which the — 
values for the other years named may easily be calculated, supposing _ 
the price to have remained unchanged. ‘ In looking at the above 
numbers, it would seem as if rum had been rapidly increasing in con- 
sumption in England about the year 1854; but such was not the case. _ 
Of the whole quantity imported, only the following (in each year) was 
retained for home consumption ;-— it’ 


1844. . . . « « 2,198,592 gallons, 
LBGD) ie ho be “eed Us a el OR OSE os 
ABBA NGF es) inane iy en a OM es 
1859 x see Loe Oe eS ee 


The large excess beyond these quantities was either re-exported, or * 
consumed on shipboard, 

RUMB or RHUMB. Vitalis (‘ Lex Math.’) calls thisa P. : 
word, and no doubt it might have been introduced into navigation by 
the Portuguese, but we suspect it to be the Latin “rhombus;” he 
says it signified originally the meridian, or the’ principal meridian ofa 
map ; perhaps it came to signify this from pRB CE PCE Or eee : 
ornamented by a distinctive rhombus, such as is added to 
direction on a compass-card, However this may be,arumb certainly 
came to mean any vertical circle, meridian or not, and hence any point 
of the compass ; so that, in modern phraseology, a rumb is one of the 
thirty-two principal compass directions, and to sail on any rumb is to 
sail continually on one course. Hence arumb-line is a line drawn in 
the sphere, such as would be described by a moving point which always 
keeps one course ; it is therefore the spiral of Mercator’s projection, 
and is that which is also called the loxodromic spiral, hs ; 

The mathematical properties of the rumb-line may be easily deduced. 
Let r be the radius of the earth, A, and /, the longitude and latitude of 
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BP} 
R 
a, P ¥ 
Ay, and A, and /, those of Ag, A andZ ering those of any intermediate 


point P : and let s be the | of A,P. then we increase s by the __ 
nfinitely small are ds, in ng Aand/dat the same time bydAand 
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have the differential triangle Pq, in which PQ=ds, pR=rda, | Oriental origin, is more correct than that of those wh th 
#¢. cos A, while the angle nPQ, which is the same throughout to have been derived from the Greek or Roman alphabets altho ch 


divided are, 1, the Scandinavian or Norse: 2, the German; 3) the 
(7-3) =z cot p + 0; Anglo-Saxon ; and of these each has its own peculiar alphabet, ‘The 


being N; ian and the angles bei arcually measured. | Considerable obscurity 3 the second stands between the ancient 


cot (45°—4a,) derived from the Marcomannic or Norman runic alphabets, that is, from 
r log cot (45°—42,) = G4) £ cot p; the characters used by the Nordalbingii, or Saxons north of the Elbe, 


an equation from which pecan be found for any two places, that is, | Runes Tesemble the Anglo-Saxon, but they do not at all resemble the 
the which the course in sailing from one place to the other makes Norse in form ; but all the three nations agreed in attributing the 
with the meridian. And instead of r : 1 may be put its value 57-29578, primary invention of Runes to Woden (the Mercury of the Anglo- 
The distance from one place to the other on the rumb-line sailed over | Saxons), and all of them shared in the belief of the magical properties 
may be found from s cos p=r(A,—A,), which, when A, and A, are | and Powers appertaining to and supposed to be inherent in runic 
measured in iy # cos p=(A,—A,) 1, neglecting the small | letters and inscriptions, ’ 
correction for the earth's eccentricity,  ~ . — cas that ye pes pomaly ayo ge to have been the 
first of these processes can be done Mercator’s chart, the | invention o @ pagan deity, that they were used Y pagan priests and 
of which, mathematically described, a, as follows :—Let equal | prophetesses for purposes of augury and divination, and that these 
arcs of longitude remain equal throughout the map, but as increments | priests and prophetesses were regarded by the people with religious 
of latitude are to their corresponding increments of longitude as 1 to | veneration and awe, accounts for the proscription of Runes by the 
the cosines of the latitudes, let the differential triangle PQr be similar | primitive Christian priesthood throughout Europe, Hence the Christian 
in the chart to that on the sphere, which gives ad : cos A, for the anid endorse aboured everywhere to introduce Greck or Latin characte 
on the chart, provided a@ represent the length of | and endeavoured with the utmost zeal to Suppress Runes. Notwith- 
the degree of longitude on the chart. Hence a log cot (45°—4a) is the | standing this, however, Runic characters were used in England at the 
lene of A degrees of latitude measured from the equator ; very earliest period after the introduction of Christianity, for Christian 
of values of log cot (45° — 4A) is called a table of meridional | inseriptions—a circumstance that is incontrovertibly proved by those 


In such a chart all rumb-lines are projected into straight lines ; but | umberland, and elsewhere. This has been accounted for by the 
equal parts on any such straight line do not represent equal distances | supposition that the earliest converts to Christianity were the 
fon f the distance sailed must be found by the formula in priests themselves, and that they, knowing the really worthless 
i the 


RUNES, the letters of alphabeta in use amongst the ancient Gothic or | letters, either in manuscript or for inscriptions. It is said however, 
Teutonic nations uf the north of Europe. The word has been derived | that by the year 1001 the Runic characters were quite laid aside in 
variously from ryn, the Gothic for “to cut ;” rin, or ren, “a furrow,” | Sweden, and were officially condemned in Spain at the council of 
or “ £ 


spectively, fé, ur; thurs, os, reid, kaun, hagl, naud, is, ar, sol, tyr, bidrh, 
that the Runic Were taught perfectly only to the priests and | laugr, madr, yr, and answering in sound to our letters f, u, th, 0, *, ky 
ministers of religion ; bp used as lots when inscribed on | h, x, i, @, 8, t, b, l, m,y; from which it will be seen that there were 

en shaken together and drawn out, | no letters corresponding to our d, & 9s P,% , W, 2,2 Hence the sign 
divination, of &k acted also for 9; @ for t, b for p, u and yforv. O was expressed 


Runes, arose from the fact that he introduced Greek characters among | letters did, nor were they expressed by any new signs, but were mere 

he amalgamated with the already existing Rone modifications of the old characters i, k, }, f. This’ alteration was 
an alphabet which is now known as the Mesogothic, | effected by means of one or more dots added to the original letter, and 
as the Latin characters introduced into England, probably by Augustine, | the new characters were called stunjnar runir, or “ dotted Runes,” 


Runes a Roman origin; but Tacitus says that the Teutonic tribes North, new characters were formed for expressing the sounds of ae, 
possessed letters of the alphabet when the Romans first became oe, we, and the letters c, 9, x, and 2; but these cannot be regarded as 
ae with them, although he calls them “ secreta literarum,” | genuine Runes, and the same remark will apply to the three double 
thus seems to intimate that the knowledge of letters and their Runes, al, mm, and tt. } 
powers was confined to certain classes only of the people, Moreover| The Runic alphabet was-also used to express numerals, the old letters 
the pure Runic alphabet consists only of sixteen letters, and these have being employed as far as sixteen; the double letters, al, mm, and tt, 
nothing in common, either in their names or order, with the Greek, | for seventeen, eighteen, and nineteen ; twenty, and over that, being 
the Roman, or the ic characters of Ulphilas. The probability is | expressed by two letters; for example, thurs, thurs=30, thurs, thurs, 


the merchants who traded there; that it was only revealed | they are written from the to to the bottom, and then turn up again ; 
to the body of the people, whilst the priests reserved | sometimes from left to righ, and so back to the left again; and 
the know! of it to themselves, in order to establish their claim | numerous examples of them, written in various ways, may be seen 
to superior power and by the exercise of magic arts and ved in the ‘Archwologia,’ especially in vol. 28, pp. 338-9, 
These signs were frequently cut anic inscriptions or writings were divided into different classes, 
upon smooth sticks, Tan-stafas, mysterious staves, and were used | from the subjects of which they treated. Thus, Runes im i 
ion and wrath or vengeance upon enemies were called noxious or bitter Runes ; 
is a legend which attributes the invention of Runes to the god | those which were used for deprecating misfortune or disgrace were 
Odin or Woden, and which states that he migrated from Asia about | styled propitious Runes ; those which invoked yes were known as 
j the time of the invasion of Darius Hystaspes (B.c, 508) ; and, having | victorious Runes, and those which applied to th 
settled in Scandinavia, established temples, a priesthood (to whom he | medicinal Runes, All these Runes were considered powerful in pro- 
communicated the Runic letters, ther Led the mythology of the ducing the effect sought by them; and they were consequently 
am and became both the legislator and civiliser of the north of employed, not only for the purposes mentioned, but also as antidotes 
. ‘ , ‘ “sahara ; 


from the country of the Caucasus, settled in Upsala, and, having | as foretellers of future events, as guards against the evil eye and the 
distributed ore Denmark, and Gothland amongst hia sons, we jealousies and shares of dhemisen is a word, for whatever end might 

asa kee after his death. Notwi the obscurity | be desired for the person who inscribed them. In order, however, to 
of these myths, they seem undoubtedly to point to the fact that the | render them suited to their respective purposes, various ceremonies 
Pure Runes were introduced into the North from the East, and that the | were observed in writing them, each kind of Rune having its proper 
opinion of Grimm, » and those who attribute to them an | material and place for inscription; the shapes of their arrangement 


} 


ais RUPTURE. 


RUSHES. 


being those of serpents, circles, triangles, and similar mystic figures, 
entice to the paseye: be they were intended and expected $e being 


to 

Beiow is the Norse Runic alphabet. The reader is referred to 
vol. xxviii., pp. 338, 350, 352, 366, of the ‘ Archwologia,’ for examples 
of various forms of Runic letters and inscriptions, which are inserted 
in an able essay of the late John M. Kemble upon Anglo-Saxon Runes, 


Fomor ak Ye 
Is ar Sol Tyr Bidrk Laugr Madr Yr 
a A vane N . eee 


Runic inscriptions exist upon rings, medals, coins, monumental 
stones, croses, and sides of rocks, and a curious one may be seen upon 
a sword-blade in the Department of Antiquities in the British Museum. 

have been discovered in Norway, Rasa: Denmark, in parts of 
the British Isles, Germany, France, and Spain, in fact wherever the 
Teutonic race settled itself d the early period of its migrations in 
the 4th and 5th centuries after Christ. Cay 

The most useful information with regard to Runes and Runic inscrip- 
tions will be found fully given in Planta’s ‘ Essay on the Runic or 
Scandinavian ;’ Olaus Wormius, ‘ Lexicon Runicum ;’ W. C. 
Grimm's work, ‘Uber Deutsche Runen;’ Mallet’s ‘Northern Anti- 
quities ;' Hicke’s ‘Thesaurus Lingue trionalis ;’ articles in the 
* Archewologia,’ the ‘ Journal of Philosophical Transactions,’ and several 
a ry ea journals, in which the references required will be 
found by consulting their respective indexes. 

RUPTURE. [Hernia.] 

RURAL DEAN. [Deay. 

RURAL ECONOMY. The whole subject of agriculture, with 
all its details, might properly be discussed under this heading: 
most of it is, however, referred to piecemeal in the various i- 
cultural articles which ‘will be found throughout the Cyclopedia, 
and it remains here to do little more than enumerate those more 
general relations of country life, and of the several classes interested 
in the ownership and cultivation of the land, which have not yet been 
named. f 

The common weal depends in great measure on these relations 
tending to the highest productiveness of the land. We want wealthy 
landowners in order that any hindrance to the proper cultivation of 
the land, which stagnant water, defective farm-buildings, and poor 
cottages present, may be removed. We want enterprising, intelligent, 
and wealthy farmers, in order that a good machine, which an estate 

ly equipped undoubtedly is, may be worked to its utmost capa- 

ilities ; and we want steady, domestic, intelligent, and well-condi- 

tioned -labourers, because without them it is impossible to carry out 
the cultivation of the land perfectly. 

Under the first head the legislature has granted facilities to the 
owners of land, and even to the owners of a limited interest in it—as 
in the case of the life-tenants of settled estates—for borrowing money 


drainage of the ¥> 
of another. A refusal by a neighbouring proprietor can at present 


ata measure 
pene. (1861), be introduced by 
government for granting the facilities required. 


ate ie spen 
conditions generally under which 


the event of his leaving, and the 
land is “let” to the cultivator of it, would need to be con- 
sidered. But on these points we have merely to remark in 


| general, 
provision for the security of the tenant’s capital when invested 
another's land is obviously necesary to the p ity of 
agriculture, Such provision is in many districts believed to exist 
in a long family connection between owners of land and their 
tenantry, which neither of them willingly break, though instances | 
every now and then occur to show the instability of such arrange- 


ments; it is elsewhere made by so-called “tenant-right” agree 


ments, which, co-existent with the right of the owner to give his 
tenant six months’ notice to quit, — that the latter aster receive 
on leaving a certain proportion o expenditure under many different 
heads, Sorta in quantity with the period which has elapsed since 
such expenditure has been incurred. This is the system which pre- 
vails in Lincolnshire, and under which portions of that county 
have wonderfully increased in fertility. most efficient way, how- 
ever, in which the property of the tenant is secured to him, is by a 
lease of the land for a sufficiently long period to ensure the full fruition 
of all his plans of improvement eel cultivation, It is in this way 
aati “Gige agriculture is generally 
80 

Lastly, there exists the relation between the labourer and his em- 

loyer, on which good agriculture very materially depends. The 

dlord should provide adequate cottage accommodation, and it is the 
interest of the farmer to attach his labourers to him by personal interest 
in their welfare, by the payment of wages ing to the real merit 
of the men, and the value of the work they do, rather than by a com- 
mon rate per diem, including all alike without regard to differences of 
merit, and thus discouraging individual effort at improvement. The 
adoption of the allotment system, by which each cottager becomes, at 
a moderate rent, the tenant of a Tange garden, either close to his 
dwelling or in common-field, along with all the others in the village, 
has the best influence on the character and comforts of the labourer. 

RUSH; RUSHES. This material, which is used to some small 
extent in the arts, is the Hyuisetum hyemale. The stem is very rough, 
with from fourteen to twenty slender furrows. It is a native of 
England, Scotland, and Ireland, as well as the continent of Europe; 
but is almost unknown in the middle and southern English counties, 
and is only sparingly distributed anywhere. It appears to possess 
tannin, to act as an astringent. It is supposed to be injurious to 
cows, and is said to cause their teeth to drop out; but horses eat it 
with impunity. This plant, more than any other species, is used for 
the purposes of polishing. 
the scare gan ay mare with it. — is seine) — 
purpose of polishing w me, ivory, and various mi parti 1 
brass. It is brought into this, country from Holland, where it ia 
abundantly, and is sold in the shops of London under the name of 
Dutch Rush. 

The well-known rushes of country places belong to a different genus of 
plants from the Dutch rush. They come under the genus Juncus; of 
which one species, the common soft rush, is to be found in most moist 
pastures, by the sides of streams, and under hedges. In some districts 
these rushes are used by the poor as a substitute for candles. They 
are gathered in summer and autumn; the largest and longest being 
deemed the best. They are kept in water until they are to be peeled; 
which process consists in divesting the rush of its peel or rind, so as to 
leave one regular narrow rib from top to bottom, to support the pith, 
The rushes are then bleached on the dewy grass, and dried in the sun. 
These rush-piths are finally dipped into any kind of fat or grease, until 


they acquire a coating analogous to that of a candle. In the bacon | 


districts of Hampshire, hog’s fat is employed for this purpose. When 
White wrote his well-known ‘ Natural History of Selbourne,’ he 
strongly recommended this feature in domestic economy; but it is 
possible that the cheapening of candles has lessened the relative 
advantage of the more primitive system. Rushes are, however, more 
ordinarily used for plaiting into mats and chair-bottoms, and for con- 
rabgsrg small toy baskets. The wicks of rushlights are made of 

e pith. 

RUSH-BEARING, another name in some parts of England for the 
country wake, It appears that in ancient times the parishioners brought 
rushes at the Feast of Dedication, wherewith to strew the church, 
and from that circumstance the festivity itself obtained the name of 
Rush-bearing. The country wake occurs by this name in the glossary 
of the Lancashire dialect. In the parish accounts of St. Margaret's, West- 
minster, is this item, under the year 1544 :—“ Paid for rushes against the 
Dedication Day, which is always the first Sunday of October, 1s. 5d.” 
Notices of the custom of rush-bearing, as in various of 
Derbyshire, will be found in Glover's ‘ History and Gazetteer’ of that 
county, vol. i, (Brand's ‘ Popular Antiq.,’ vol. i.) 

RUSHES are well-known plants which appear in all soils, especially 
those which are fertile, when the water which cannot be evaporated 
remains in a stagnant state under the surface, They are most common 
on moist meadows witha retentive sybsoil ; and as they not only occupy 
a space which might renee good herbage, but also greatly deteriorate 
the hay with which they are mixed, every means to destroy them are 
employed by industrious farmers. Formerly in this, as in most other 
instances of defect in the soil, only a temporary remedy was generally 
thought of. The rushes were mown down at particular times of the 
year, alkaline ashes and salt were spread over them, and in some cases 
they were destroyed by pouring boiling water on the roots. But all 
these only killed the individual rushes, without removing the imme- 
diate cause of them, or correcting the stagnation of water which 
inyariably reproduced them. The only effectual cure for rushy grounds 
is acomplete system of draining. The truth of this assertion is so 
generally admitted, that it is unnecessary to dwell uponit. Wherever 
the land can be agp! sjompebagety rushes will ly dis- 
appear as by magic, If they are strongly established in the soil, it 


so good and Scottish rents are 


ightfoot says, that in Northumberland — 
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y take some time before they completely die away, even after 
drenngs, of least in pastures which are not broken up; but if the land 
by amie and has a proper tillage, they will not survive the first 
year. In rich old meadows, which it would not be prudent to plough 
i may be destroyed by mowing them when they are in bloom, 
immediately spreading ashes or salt over the place where they 
. This repeated twice will clear the ground entirely, and the 

ining will prevent their reappearing. 

In heavy —_— which have been laid up in high ridges without 
thoroughly draining the land, and sown with grass-seeds to remain in 
—" or three years, it is not uncommon to see every interval 

the stetches filled with rushes, especially if the land be 
reduced in fertility by overcropping. This indicates a wet subsoil, 
and suggests under-draining ; but the rushes are often caused by the 
yery roundness of the’ ridges, which is supposed to keep the land dry, 
but which accumulates the water in the furrows. If the land had 
been laid quite flat, it might have been too wet to produce good crops 
of wheat, but rushes would not have appeared. In very flat meadows 
rushes are only found where the land lies very low, with an impervious 
subsoil, or a want of inclination in the surface to carry off the super- 
fluous water. What might at first sight be considered as an’anomaly, 
i perfectly true—no rushes are found in the best water-meadows, 
they are for a considerable portion of the year entirely soaked 
water; but the water is never allowed to stagnate for a moment, 
and is always kept running on and off. 

The advantage which has been obtained by the system of 

draining compact soils, or those which rest on impervious 

subsoils, has induced proprietors and farmers of land to employ their 

ital in this most certain of all cos ie rar and the consequence 

in a few years rushes will only be seen in those low and 

from which the water cannot be drawn off by 

ere they will supply some small resource to the maker 
of mats and the irer of rush-bottomed chairs. 

RUSSIAN CHURCH. (Greex Cuvurcs.) 

RUST, in the common acceptation of the term, is the red pulvertlent 
substance which is formed on the surface of iron when exposed to air 
and moisture. It is an oxide of iron, and in point of fact other metallic 
oxides may be considered as rusts of the peculiar metals which they 
contain; the term is however limited in application to the red oxide 
or or sesqui-oxide of iron. [Meras. J/ron, peroxide of.) 

RUSTIC or RUSTICATED WORK, in architecture, a species of 
decoration for walls, wherein the joints between the courses, and 
between the separate stones in each course, are strongly defined by 
sunk channels or grooves. Although an imitation of what would in 
itself be offensive, and therefore at first apparently quite at variance 
with good taste, this mode is only a legitimate, artistical, or msthetical 

by accident or defects. The expression, originally 
derived from rudeness and rect of execution, from eo pee 
irregular! t together, without their edges being smoot and 
fitted none, is here only partially retained so as to indicate 
boldness and strength, and also a certain attention to finish and to 
ity in the symmetrical arrangement of the courses and stones. 
There is a studied intention manifested, which prevents our con- 
the imitation with what furnished the hint for it. In reality 
i contributes in an eminent Lee to a of as 
and it was accordingly frequently employed by ancients—by the 
Romans at least, not ie in pret works which were characterised by 
massiveness and by a certain degree of rudeness, such as amphitheatres, 
, &c., but on the exterior of temples and other edifices, on 
which the miost finished decoration was bestowed. For not only does 
oem | the face of the walls occasion contrast, and thereby tend to 
off columns or pilasters to greater advantage, but the lines and 
shadows so produced remove that blankness which might otherwise 
attend too much uniform plain surface. 

Besides being different from plain masonry, rustication admits of 

, both in regard to design and execution, and of great 
severity and heaviness to studied elegance. 
is that arising from the surfaces of the 
either plain or rough ; and if the former, 
, or hammer-dressed, that is, left slightly 
the marks of the chisel. Or if intended 
may 


modes is produced by cutting deep hollows 
e surface, the second by making it jagged and rugged, while 
naista in giving a delicate crispness like frost-work to 
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jointing, there are two modes : one in which the channels 
stones are , or form rectangular sinkings; the 
in which they are chamfered, that is, the edges of the stones are 
bevelled off in such manner that the section of the joints forms a 
i: Neither are the above by any means all the 
varieties, as will be seen by some examples at the end of this article, 
which cannot be very well explained without cuts. Great variety of 
character and design may further be produced by an intermixture of 
the different modes,—for instance, by smooth and rough rustics to- 

ar or by different kinds of rusticating for different stories, the 
ibe and 

Italian 


z 
i: 
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coarser being placed below and the more delicate above. 
architecture presents many fine studies and examples of 


rusticated work. The Florentine style—which, it may be observed, is 
the direct antithesis of the Palladian—shows what may be accom- 
plished by little more than rustication alone. If it be severe, it is also . 
simple, yet rich and dignified. 3 

Tn this country we have very few examples of rusticated work upon 
a grand scale: for here it is almost entirely confined to basements. It 
is scarcely ever employed as the general decoration of an entire front, 
except it be occasionally for prisons, for which it is certainly appro- 
priate, though it does not therefore follow that it is unsuitable where 
richness and magnificence are more required than severity. 

Much of the beauty of rusticated fronts depends upon the form and 
proportions of the arches or openings, and on the arrangement, &c., of 
the rustics which form the voussoirs either to arched or straight-headed 
windows. Occasionally, moulded archivolts are substituted for 
radiating voussoirs, but the effect is not good, because they cut the 
horizontal joints of the courses very disagreeably; which, it may be 
observed, is likewise the case where the voussoirs form an extrados 
either concentric with the arch, or making a more elevated curve, as in 
most of the Florentine examples. It is far better to make the voussoirs 
elbowed, so as to unite with the horizontal courses, whereby the whole 
looks firmly bonded together. Sometimes imposts to arches are 
omitted altogether, or if there be such member, it is usually a mere 
plat-band, although occasionally it is moulded. In arches the keystone 
may either be similar or distinguished from the other voussoirs ; which 
last may be done in a variety of ways, although the most usual one is 
to cut it into the form of a console, or else enrich it with a mask 
sculptured upon it, of which kind are the keystones to the arches of 
the Strand front cf Somerset House, representing the nine principal 
rivers of England, personified as old men. Bossages is a term more 
particularly applied to rusticated cinctures on the shafts of columns, 
which may be either square or cylindrical, but should not greatly 
exceed the diameter of the shaft itself, more especially in the former 
case, Columns of this kind ought -invariably to be engaged, and the 
wall behind them of course rusticated also. In such case the cinctures 
serve as ligatures to bind and incorporate them with the rest, whereas 
insulated columns with blocks upon their shafts are equally unmean- 
ing and uncouth. The same remark applies to rustic blocks stuck at 
intervals upon the architrayes of doors and windows, as, for instance, 
those of St. Martin’s Church, London, although there is no rusticating 
in that building. Of columns with bossages or rusticated cinctures, 
the two arches within the court of Somerset House are a tastefully- 
designed and well-executed example. 

The following are some of the varieties of rusticating above referred 
to, drawn sufliciently large to show the precise form and section of the 
joints or grooves :— A 

No, 1. Rustics with rectangular joints or channels, 


No. 1. 
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only, has in t:is country been still further impoverished by making 
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only a few horizontal streaks along the face of a wall. — ; 

No. 2 is an instance of chamfered joints and vermiculated rustica, 
bordered, that is, having a plain surface around their faces, 

No. 3 shows an example of Florentine rusticating with moulded 
channels, the effect of which is particularly rich. One of the rustics 
is facetted in the cut, in order to give an example of that mode in 
rusticated quoins. 


No. 4 is another mode peculiar to the Florentine style, in which the 
rustics are facetted, or cut so a8 to form four triangular surfaces. It 
is not used throughout, but only in the lower course, forming a sort of 


See Soar. ! * — ae © 
RUSTIC WORK. RUTIC GROUP. 
the channels broad and shallow, and the courses so deep that there are | dado to the building. This example is from the same building as the 


preceding. 

No. 5 shows one-half of a rusticated arch having elbowed youssoirs 
running into the horizontal courses, 

No. 6 represents half of another arch with voussoirs whose extrados 
form an eccentric curve from that of the arch itself, or else a pointed 
arch, while the intrados form a semicircular one, 


No, 6, 


oe 


ii 
il 


RUTAMIDE. [Rutic Grovr,] 
RUTATES. [Ruric Grove.]} 
RUTH, BOOK OF, an acknowledged canonical book of the Old 


Testament, though Bertholdt and some other German writers have 


considered it a fiction or parable. The history of Ruth seems to have 
been inserted in the sacred canon as a necessary link in a 
the pure genealogy of David, and consequently of the Messiah ; 


perhaps also to furnish a record of the fact that one of the Messiah's — 


ancestors was a Gentile, thus intimating the truth that the Gentiles 
were to have a part in the highest privileges of the Jews. In the 


ancient Jewish canon this book forms a part of the Book of Judges, 


because the events recorded in it happened during the rule of the 
Judges. Its exact date is however uncertain, but most probably the 
famine mentioned in verse 1 is that which happened in the time of 
Gideon, about B.c.1241. It is generally supposed to have been written 
by the prophet Samuel. The style is marked by a touching simplicity, 
and some parts of it are very pathetic, (The Jntroductions of Jahn, 
Eichhorn, De Wettg, and Horne; Umbreit, Ueber Geist und Zweck des 
Buches Ruth, 1834.) 

RUTHENIC ACID. [Rvursentum.] : 

RUTHENIUM (Ru), This metal was shown to exist in platinum 
ores by Clauss in 1845. According to Deville and Debray, who have 
specially studied the metals associated with platinum, ruthenium ma‘ 
be prepared from the native osmide by mixing it,in fine powder, wit! 


three parts of binoxide of barium and one of nitrate of baryta; heating 


the whole to redness in a crucible for an hour; treating the product 


with hydrochloric, nitric, and sulphuric acids consecutively; precipi- — 


tating with chloride of ammonium; igniting the precipitate ;- and 
finally fusing the residue with nitrate and hydrate of 


ruthenic acid (RuO;), may be precipitated by carbonic or nitric acids, 
and then reduced to the metallic state by heating in a current of 
hydrogen. 
yRut enium is only fusible with extreme difficulty, It hasa blackish- 
brown surface, and is hard and brittle like iridium, Its specific gravity 
is 11 to 11*4, and its equivalent 52°11, 
Ruthenium and oxygen unite in four different proportions. Protoxide 


(RuO) ; sesquiowide (Ru,O,), the most stable of these oxides, formed 
on igniting the metal in a current of air; binowide (RuO,), obtained by 


roasting and igniting the bisulphide; and ruthenic acid (RuO,), pre- 
pared as already described. 

Ruthenium and sulphur, The sulphides of this metal are probably 
as numerous as the oxides, but they are very difficult of preparation, 

Ruthenium and chlorine form three compounds, The protochloride 
(RuCl) results from the ignition of the metal in chlorine gas; it is 
insoluble in water or acids, 
dissolving the sesquioxide in hydrochloric acid; and the dichloride 
(RuCl,), which exists as a rose-coloured double salt with chloride of 
potassium, . 

The salts of ruthenium are chiefly those of the sesquioxide, They 
have a yellow colour, and alkalies re-precipitate from their solutions 
the sesquioxide as a black powder. A sulphate, containing RuO,,280,, 
has been obtained, 

RUTIC ACID. [Ruric carspepn 

RUTIC GROUP. A cluster of chemical substances containing the 


electro-negative radical rutyl (CopH,,0,)s ; 


the rutheniate of potash thus formed, the teroxide of ruthenium, or 


The sesquichloride (Ru,Cl,) is formed on _ 


- ong ; is but little acted upon by sulphuric or hydrochloric acids, 
but is into rutic acid when placed in contact with nitric 


0,) or ecapric acid. This acid may be obtained 
: . sources other than just mentioned. It is one of the products of 
saponification o 


f butter; it may be formed by the action of nitric 
upon oleic acid ; page tone | in small quantity in cocoa-nut oil, 
is also found in the oily matters that accompany the distillation 


of Scotch w . From the latter source it is most conveniently 

_ obtained, the operation is tedious and somewhat difficult. 
___ Rutic acid is crystalline and colourless; it has an odour recalling 
_ that emitted from the skin of a goat, melts at 81° Fahr., is solu- 


in alcohol or ether, is not soluble in cold water, but is slightly 


go in hot water. It is monobasic and forms crystalline salts termed 
rutates. : 

Rutic ether (C,,H,,(C,H,)0 separates as an oily liquid on ing 

dey pda SN ‘cares Srapietioan’ of rutie acid in sbaclute 


alcohol. Its density is 0°862. Ammonia converts it into rutamide. 
The latter body crystallises in brilliant plates, 


RUTILE. {Trraxtcx.] 
RUTILIN. [Sauicrric Grovr.] 
RUTINIC ACID. (C,,H,O,) A crystalline acid contained in the 


_ stems and leaves of rue. It is insoluble in cold water and ether, but 


acid, a bright pit 

; BYE ie a plant of the family of the Graminew, and bears naked 
seeds on a flat ear furnished with awns like . The straw is solid, 
the internal part filled with a pith, which, if it causes it to be 
inferior as fodder, it more valuable for litter, and icularly 
The value of the straw is often nearly to that of 
grows on poor light soils which are altogether unfit 

hence tracts of light sands are often denominated rye- 
lands. On these soils this grain is far more profitable than wheat, 
can be raised there at a great of marling and man- 

The value of rye in those countries where it forms a considerable 

ey ogee the labouring classes, is from two-thirds to three- 


E 


. The meslin when ground produced a very wholesome 
ble household bread, and it was thought advantageous to 
sorts together, from the notion that if either failed there 
a of the other. This, however, was an error. No 
often fail on inferior soils when the rye would 
was seldom or never the case; and besides the 
comes ity at least a fortnight before the wheat. If the 
is capable of bearing a moderate crop of wheat, it would be much 
itageous to sow one portion of a field with rye and another 
; and if meslin bread is desired, the two grains may be 
any required proportion. Excellent bread is made of two 
yeni rye ground together, with only the coarse 
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Rye is at present raised in very small quantities in En, It 
is however extensively cultivated on the Continent, jally in the 
Netherlands, where it is from which the spirit 


the chief i 
commonly called Hollands is distilled, which is favoured with juniper, 
called Genever, whence the name of geneva and its contrac- 
it makes excellent beer, one bushel of rye 
te entre least one and a quarter of barley malt, The 
is simple ; it is usually sown 2 or 3 bushels 
where the soil is light and rich, or after turnips 
those soils which are not strong enough for wheat. 
June or July, turnips are often sown immediately 
luced by these, as well as their effect on 
crop of rye can be obtained the ensuing year. 
doubt contrary to all sound theory; but such is the 
Flanders, and they do not find that their crops diminish 


England rye is mostly sown as a green and when fed off 
early in spring with sheep, the land is Be aha will bear exeat- 


lent or turnips the same . This practice cannot be 
recommended; and if is sown very early in 
autumn, it may be fed off in October and November, when sheep-feed 
beginning to fail and the turnips have not yet attained their full 
size, with little detriment to the succeeding produce, 
barley and winter oats have been substituted for rye as 
some farmers; but on land of moderate quality 
generally ~ It bears the severest winters, which is 
the case with or oats, 
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ide ¢ f rutyl (C,,H,,0,, H) rutic or Caprice aldehyd. This body | The preparation of the land for rye is the same as for wheat, exce’ 
ms | atte part of the Volatile oil of the common rue. UTA, | that in very light soils no more rloaghinigs are required than a 
graveolens, in Nat. Htst. pays Its specific gravity is ‘837 ; boiling | clear the ground of weeds, If ryeis sown after harvest, one plough- 
446° Fahr.; vapour density 5°83. It crystal- | ing only is usually given. It will thrive upon rich wheat soils, as well 


as upon lighter, and, as it throws out numerous stems in rich land, it 
is the more profitable as fodder, although the crop of grain might not 
be so abundant when the plants are too much crowded. To have as 
much green food as possible, the rye is always sown broadcast, three 
bushels at least to an acre; some sow a sack, and with advantage. 
It is also usually sown amongst winter tares, which the stems of the 
rye help to keep up from the ground: half a bushel of rye to three 
bushels of tares is a fair proportion ; some farmers sow wheat instead 
of rye, as being stronger in the stem, but besides its being more ~ 
expensive, it does not shoot so early as rye, nor is it so much stronger 
in the green stem, as is supposed. Oats are invariably sown amongst 
spring tares, and answer the purpose well. 

There is a variety of rye mentioned by continental authors by the 


‘name of Seigle de la St. Jean, or St. John’s-day rye, because it grows 


so rapidly that if sown about St. John’s Day (24th June), it will be 
fit to mow green by the middle of September, and in favourable seasons 
may be fed off again in November, without preventing its giving ample 
feed in spring, and a good crop of grain at the next harvest. It has 
been introduced into England, but whether or not owing to its 
character not being maintained, it has not maintained its reputation. 
There is no doubt that there are varieties of the same kind of plants 
which have a much more vigorous vegetation than those commonly 
cultivated; and the introduction of them where they are not known 
is an important benefit to agriculture. The celebrated agriculturist 
Du Hamel du Monceau mentions an individual who had obtained, from 
one sowing, five abundant cuts of green rye for cattle in two years. If 
any green plant is cut down before the fructification is completed, it 
will in general throw out fresh stems; and in very rich soils its 
blossoming may thus be continually retarded, until the roots become 
too weak to force successive stems. 

When the land is in good heart and clear after wheat-harvest, it 
may be expeditiously cultivated by means of a strong scarifier, or some 
similar instrument, which opens the soil several inches deep, without 
turning it over ; and rye may be sown immediately, without using the 
plough. This is an immense saving of time and labour, as four or at 
most six horses will completely stir ten acres of land in a day, which 
may thus be immediately sown before the wheat is out of the field, or 
fit to be carried. A week gained in the time of sowing may make all 
the difference between a crop which can be eaten off before winter and 
one whichawill only be fit for the sheep in the succeeding spring. The 
weeds which may spring up with the rye will either be choked by its 
luxuriance, or at all events will never shed their seeds, being mown or 
fed off with the rye, and the roots ploughed in the next year. The 

presse roots will thus be more easily taken out by the harrows, 
the annual weeds will be destroyed. 

Although the value of rye as a green crop is fully admitted in 
England, very little is grown for food or distillation; yet on some poor 
soils, where wheat and barley are now often sown with a very poor 
return, and at a great expense of manure, rye and buckwheat would 
give a much greater clear profit, and would require much less manu- 
ring: and where there are not ready means of improving the soil by 
claying or marling, the cultivation of rye would be found most advan- 
tageous; and, by means of sheep, very poor sandy soils might thus be 
made profitable. 

es is subject to most of the diseases which attack the plants of the 

ily of the Graminew, such as rust, mildew, burnt-ear, and smut- 
ball. These diseases are described in the article WHeat, But there 
is one remarkable disease, which, although sometimes found in wheat, 
is much more commonly observed in rye. It is called the ergot, the 
French name of a cock’s spur, which the diseased grain resembles in 


~— [Ercor. : 
YE-GRASS, sometimes called Ray-Grasa, is one of the most com- 
mon of the artificial grasses; it is of the family of the Gramince of 
the genus Lolium. There are several varieties, some annual and others 
perennial, some producing a strong juicy grass, and others a small 
diminutive plant. These varieties arise chiefly from difference of soil, 
climate, and cultivation. In the convertible system of husbandry, 
rye-grass performs a very essential part, especially the perennial sort, 
which, mixed with different varieties of clover and other grass-seeds, 
produces a rich and close herbage, which may be either mown for hay 
or depastured, In the course of two or three years the land is so 
much recruited by the extension of the roots, and by the dung and 
urine of the animals, that, without dung from the yard, it will produce 
one or two very good crops. When clover is sown to remain only one 
year, the annual variety of rye-grass is frequently sown with it, It 
adds to the weight of the hay, and the stems of the rye-grass area 
good corrective to the richness of the clover, when they are given to 
orses in a green state; but when the hay is intended for the London 
market, or that of any of the great mercantile towns, the tradesmen 
and carmen prefer the pure clover hay, thinking it more nutritious, 
Those who cultivate their land on the Norfolk system have a prejudice 
against rye-grass, as being unfavourable to the succeeding crop of 
wheat, Accordingly, when they have a layer.of rye-grass, instead of 
clover (because the clover, having been too often repeated, fails in the 
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end), often take or beans between the grass and the | eighth, or a twelfth of the crops, according to differences in the eoil, in 
, ot accords with theo ; for when the oveaan completes | the gree of labour necessary to cultivate it, and in the general pros- 
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wheat. 
its fructification, even if the is not ripe, it has a deteriorating 
effect on the soil similar to that of a white crop, and therefore a legu- 
minous crop should succeed it. 

Different varieties of foo have been recommended at various 
times; one which goes by the name of Pacey’s rye-qrass has kept 
its reputation as a perennial grass for a long time. The Jtalian rye- 
grass, well known in the south of France, in Switzerland, and in 
Germany, is a native of Lombardy, where it grows most luxuriantly 
and rapidly by means of irrigation. There is no grass which so soon 
forms a water-meadow ; and it bears well the cold and wet winters of 
Britain, On rich moist land it grows most rapidly and luxuriantly. It 
will bear several cuttings in aseason. Those who have paid attention to 
the cultivation of rye-grass think highly of it. It grows much more 
rong og oon Ser any other grass, and is so much relished by cattle, 
that they y allow a single stem to spring up. A small space ina 
layer being sown with Italian ryegrass, may be distinguished in the 

byjits superior green colour and its very close pile; and 
the cattle will always be found there, as long as there is the least 
bite for them. It may be advantageously sown in autumn with the 
Trifolium incarnatum, and together they will give much early 
food in spring. It may be a question whether this is preferable to 
sowing rye; but it affords a variety, and on some soils may produce 
earlier and more abundant feed for lambs. When Italian rye-grass is 
sown by itself, and allowed to to seed, it becomes thin after the 
first year, from many of the a 
prudent to mix some other kinds of grasses with it, which will supply 
its place where it is worn out. It is a most excellent practice to sow 
Italian rye-grass on old meadows and pastures, at the time when they 
are recruited with compost or earth. If they are well harrowed or 
searified, and the rye-grass be sown before the roller goes over them, 
the succeeding crop of hay will be much increased in quantity and 
improved in quality. On water-meadows, which require renovation, 
this grass is invaluable, being early, rapid in growth, and very abundant 
when irrigated. We have seen hay made in July from a newly-made 
water-meadow sown with Italian rye-grass in March. This was at Mr. 
De Fellenberg’s, at Hofwyl, near Berne, in Switzerland. No plant will 
more fully use abundant dressings of manure than Italian rye-grass. 
If richly manured and irrigated after each cutting it will yield 18 to 
20 tons of green food per acre, three or four times in the year. 
When sown by itself 3 bushels per acre are sown broadcast in August 
or September, and the next year the crop will be in full goo, OS A 
first or second cutting may be taken in the following year, and being 
then ploughed down a crop of late turnips or rape may be 
vious to a succeeding spring-sown corn crop. 

RYE, SPURRED. [Enrcor.] 

RYOTS, the name by which the cultivators of the soil in Hindustan 
are designated. The ryots pay rent out of the produce of their land to 
a sovereign proprietor, and, so long as they pay the rent demanded of 
them, have a claim to the continued occupation of the land. 

The economical condition of the Asiatic cultivator may be described 
as being made up of the three following circumstances :—1. He is an 
hereditary occupier, or, in other words, has an hereditary claim to the 
Pm ate of the Jand which he cultivates. 2. The amount of rent 
which he pays is, in practice, determined by the sovereign power. 
3. There exists a number of classes intermediate between the hereditary 

ier and the sovereign, all entitled to various portions of the 
revenue which is yielded by the land, but none having any proprietary 
right. The number of these intermediate classes, arising out of the 
tendency of all offices connected with the land to become hereditary, 
has contributed greatly to the ignorance prevalent among Europeans 
of the position of Asiatic cultivators. 

Such being the general features of the economical condition of the 

his actual position necessarily depends most on the amount of 
rent paid by him to the sovereign, and the manner in which the rent 


is . 
Sis dincaat of rent was fixed by the laws of Menu at a sixth, an 


taken pre- 


ts dying off: it may therefore be\ 


perity of districts; but in times of urgent necessity, of war or invasion, 
the same laws allowed the king to take even so much as a fourth, 
(‘Institutes of Menu,’ c. iii., 130; x. 118, 120.) A sixth part ofthe 
roduce had come to be the uniform tax in Hindustan when the | 
csisatiaten became its masters. (‘Sacontala.’) But we find in 
Strabo, that when Alexander invaded India, a fourth of the proioes 
was ey taken as rent. The despotic sovereigns of-the did ' 
not long continue to observe their anciert laws, sometimes ly 
violating them, at other times evading them by a resort to it 
taxation. Indeed before the Mohammedan period there are instances 
of oppression by Hindu governments, under which the ryots were 
allowed to retain no more than a fifth or sixth of their crops. , c 
The form in which the rent is paid has even a greater influenceon  —__ 
the condition of the ryot than its amount. In ancient times the rent was 
always paid'in produce. Whenever, in later times, it has been deman- 
ded in money, the consequences have been ruinous to the ryot, re 
owing to the want of markets. When the ryot is compelled to. 7 
money, which, owing to the want of a ready market, he has a aiheuty e 
in doing, his obvious resort is to a money-lender. The ¥, 
he borrows for the purpose of relieving himself of immediate diffi A 
is borrowed at a high rate of interest. The immediate difficulty is 
thus got rid of at a great sacrifice, and the ryot becomes dependent on — 
the money-lender, In 1860 considerable discontent was created among — 
the ryots in Bengal by the system asserted to have been : au 
the Ff Pact indigo manufacturers: these, it was at least asserted by — 
the ryots, made ments with the zemindars that certain portions _ 


arate which was ruinous to the cultivator. The attempt to enforce 


not yet (1861) settled. 

e agency by means of which the rents are collected, See less 
important than the form of payment, has also a considerable influence _ 
on the condition of the ryot. Under the ancient Indian governments, — 
the agents of the prince to whom districts were assi E 
immediately with the ryots, either singly or in villages, The latter 
mode was the more general, by which the government levied a certain __ 
sum on each village, and left it to the villages to settle the individual 
quotas among themselves. Pa 

As regards the payment of rents, there were two kinds of arrange- — 
ment prevailing in the vi . In some villages the laid wie Aa 
vated in common, and each cultivator had a share of the produce 
assigned, according to certain fixed rules; these were called : 
(brotherhood) villages. In others, each ryot cultivated separately hi 
own spot of land, and paid rent for it separately: these went by the 
name of putterday ership) villages. 

The heads of vi paid the rents collected to the heads of dis- 
tricts (des adikars); these again to the heads of larger tracts of country. — 
The system of government detailed in the ‘Institutes of Menu’ — 
enumerates lords of one town or district, of ten towns, of — _ 
towns, of a hundred towns, and a thousand towns. All these 1 
nei assignments of land, and a per centage on their collections 
besides. 

The heads of districts (des adikars) came afterwards to be represented _ 
by one class of zemindars, namely, those whose duties were confinedio 
the superintendence of police. The class of zemindars however 
which is the best known is that class in which the duty of in 
the revenue was added to the superintendence of police. Thisisnot 
the place to speak of these functionaries, or to trace the changesin 
their duties and position until the commencement of the British 
dominion, [ZeMINDAR.} : 

A full and interesting account of ryot rents will be found in Mr. 
Jones's Essay on the Distribution of Wealth and on the Sources of 
Taxation. The reader is referred also to Mr. Mill’s History of India, 
by Wilson, vol. i. > 

RYSWICK, PEACE OF, [Treatres, Coronorosicat TABLE OF.] 
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change will perhaps account for the fact that the river Oder has two 
ancient names, Suevus and Viadrus, which have been the cause of 
much confusion in the geography of ancient. Germany. Indeed the 
mouth of the river is still called Swineminde. 

12. Sp is interchangeable with ps, sk with ks, and sd with ds, For 
the last we need only refer to the Doric use of od for ¢ Instances of 
the second interchange occur occasionally in Greek and Latin. Fitos, 
the misletoe, is written in Latin viscus ; exxaros, ludicrously put down 
as a primitive in some lexicons, is of course only the superlative of the 
preposition «f, for efaros. The Latin misceo has for its participle 
mixtus as well as mistus (=misctus). The tendency to this interchange 
accounts too for the form sescenti, for sexcenti is never found in the 
best manuscripts of the best authors, But the Anglo-Saxon and 
English afford the most numerous instances of this metathesis. 
Thus the former language has the double forms véps or véisp, a wasp ; 
apse or dspe, tremulous (whence the name of the aspen tree); hdpse 
or héspe, a lock (Grimm, ‘Deutsche Grammatik,’ p. 251); also frose 
or frox, a frog; fiscas or fixas, a fish; tusc or tux, a tusk; asce or axe, 
cinder ; ascjan or axjan, to ask (ibid, p. 256), Hence it will be seen that 
it is a mere accident if in our own tongue aze and waps have been 
rejected as i in favour of ask and wasp. The provinces still 
prefer the ks and ps. Thus a Kentish countryman ‘talks of a whips. 
rather than whisp of hay. May we not in this way establish the 
identity in name of sev of our rivers,as Axe, Exe, Esk, and Usk? 

13. Sis often lost. Inattention to this fact is the cause of much 
confusion inthe grammars of the Greek . Thus the neuter 
nouns in os must once have had a corresponding ¢ in the genitive, 
yeves, yeveros, &c., afterwards yevos, ‘yeveos. Hence the retention of 
the s in the vocatives of proper names formed from neuter nouns of 
this class, as Awyeves, SnuorGeves, Swxpares. (See ‘Journal of Educa- 
tion,’ vol. iv., 333.) Above all, the neglect of this letter in the original 
(as here assumed) forms of certain t tenses leads to apparent 

jes in the derived forms. Thus from xAei(c)w we should have 
without any pasts geo’ p kexAcionevos; from -yeu(o)ual without difficulty 


*yevo-rixos, as well as the Latin gus-tus, gus-ta-re ; from Se(7)w, decuos, 


in which the sibilant nds, as it so often does, to the guttural 
in liga-re, dica-re, and the ish tight from tie. The Latin language 
in such cases changes the sibilant into an 7; but even this language is - 


not at all unwilling to discard an s, particularly at the end of words, 
as in the double forms magis and mage, videris and videre, ipsus and 
ipse, puer for Nay, even the neuters of adjectives seem to have 
lost the final s of the nominative in thisway. At any rate potis is used. 
for a neuter nominative as well as pote. The third person of the Latin 
perfect may possibly owe its occasional yc Bape (perrupit, Hor. ; 
subiit, Hor. ; rediit, Ovid, &c., &c.) to an older orthography ending in 
ist ; for as the other ects of the indicative as well as those of the 
subjunctive and infinitive of the active verb, to say nothing of all the 
passive perfects, are evidently formed by the addition of the tenses of 
the verb csse, 80 perrupistis and perruperunt contain in the two last 
syllables the almost unaltered forms of es/is and esunt, and seem to 
justify the idea that perrupit is a corruption of perrupist, that is, 
perrupet, As to form, we might compare this corruption with what 
we know has occurred in the Fosacki subjunctive perfect, fusse, fusses, 
fat, that is, fust. The French language abéunds in examples of the 
loss of the sibilant. Thus from the Latin asinus, magister, noster, 
quadragesima, are derived, first, asne, maistre, nostre, caresme, and then, 
according to the modern orthography, dne, mditre, notre, caréme, to say 
ing of the silent s in such words as mais, vous, isle, est, &c. 

SABADILLIC ACID, a name sometimes given to cevadic acid. 
(Cevapro Acrp. - 

SABADILLINE (Sabadillia). A poisonous alkaloid, found along 
with jervine, colchicine, and veratrine in white hellebore, Its com- 

ion is not known. 

SABAEI (2a8aia), a people of Arabia Felix, on the borders of the 
Red Sea, in the northern part of the modern Yemen, They are 
described by Diodorus and Strabo as the most numerous, and, toge- 
ther with the Gerrhaei, as the richest people in Arabia. Their 
country produced frankincense, myrrh, cinnamon, and balsam in 
abundance, but was also infested by deadly serpents. The inhabitants 
are represented as living an idle life, on account of the abundance of 
al pag of the country, but are at the same time said to have 

on an extensive commerce with Syria and Mesopotamia, both 
with the productions of their own country and also with those of 
Ethiopia, to which they sailed in boats made of skins. 

The country of the Sabaei is mentioned in the Old Testament under 

the name of Sheba (S2W), and is spoken of as rich in incense, spices,’ 


ious stones, and gold ‘(1 Kings x.2; Jer, vi. 20; Isa, lx. 6; Ps. 

. 15), and as carrying on an extensive commerce with the other 

nations of Asia (Ezek. xxvii. 22; Job vi. 19; Joel iii, 8). The queen 
Q 


nr SABAISM. 
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of Sheba who visited Solomon (1 Kings x. 1) eer allowed to 
have come from this country, and not from Ethiopia, as Josephus 
relates (‘ Ant, Jud.,’ viii. 6, sec. 5), who has confoutded Sheba with 
Seba (N3D), which, as he tells us in another part of bis work (ii. 10, 
sec. 2), was the ancient name of Meroe. 

Korin, c. 34; Sale's eee Discourse to the Kordn, sect. 1; 
Edrisi, Geographia Nubiensis, 

SABAISM was the name given to a religious system which anciently 


— to a great ; ‘ 
ently confounded with the Sabsei, and is sometimes described as 


more correctly 
Tsabaism was derived, according to its followers, from Tsabi, the 
son or brother of Enoch, but is “more probably derived from their 
worshipping the “Host of Heaven” (OYSWN N3¥). According to 
the Arabic writers, Tsabaism was the same as the religion of the 
ancient Chaldeans, and appears to have been one of the earliest and 
simplest forms of idolatry. ey believed in the unity of the Deity, 
but at the same time paid adoration to the stars, or the angels and 
, Which they supposed to reside in them and to govern the 
world under the supreme Deity. In the course of time images were 
made to represent the angels or intelligences dwelling in the stars; and 
the consequence of this would naturally be, that 
would eventually worship them, as if they were That the unity 
of the Deity was however still acknowledged in the religious system of 
the Tsabians is manifest from the way this religion is spoken of in the 
Korén ; in which it is distinguished from polytheism, and is allowed to 
exist on the payment of tribute. 
The religious books of Tsabaism were written in Syriac, and are 
referred to by early Arabic writers, but none of them are known in 


offered many sacrifices, but ate no part of them. They abstained from 
uulse and wapabler They were 


are written in such a mystical style that it is exceedingly difficult 
ir meaning. There are three books: 1.“ The Book 
of Adam ;’ 2. ‘The Book of Yahya, or John the 


man; 
Christianity, and they probably owe their origin to rues 
Asia. 


had made; and he rested on 
the sev dag Roe OS eek with he had snide, And God 


the i uring 
the patriarchal period, though some have supposed that there is a 
reference to it in the intervals of seven days observed by Noah in send- 
ing the raven and the dove out of the ark, (Gen. viii.) It is next 
met with at the time of the Exodus, under the name of the Sabbath 


4 from MDW, to cease from labour), where rest from labour is 


boot tng ms gpilemar ee ig nti ¢ Lag aaa In the 
erred appears spoken of as an tu already 
thik Kan een lepatel” "ih wae wall ee 


but ly en- 
joined upon the Jews at the giving of the law on Mount 


i, When 


e common people, 


the reason assigned in Genesis for its institution was repeated. (Exod. 
xx. 8-11.) The aterm oct i Pron Biieatioxs eee 
the following passages, besides the two just quoted: Exod. xxii ; 
xxxi, 12-17; xxxiv. 21; xxxv. 1-3; Levit. xix. 3, 30; xxiii. $8; xxvi. 
2; Numb. xv. 32-36; xxviii. 9,10; Deut, v. 12-15. It was a day of 
divine worship, though as to what that worship consisted in, we only 
know that there was to be an additional sacrifice besides the daily one, 
and a holy convocation of the people. This part 
was intended, like many others of the Mosaic laws, to keep in the 


(heat xxxi. 13,17.) Its other feature was rest labour, which 
was to be observed not only by every Israelite, but by resident 
strangers and beasts of burden. This rest had a religious 
character, as it was an acknowledgment of belief in the God who 
created the heavens and earth in six days, and rested on the seventh. 
For this reason a wilful violation of the rest of the Sabbath was 
punished by death, as it was an act of rebellion God, A 
second object of this rest was, of course, to afford leisure for the reli- 
ious services of the day; and a third was the refreshment of man and 
after the labour of the week. (Exod. xxiii. 12.) Moses does not 

however define the meaning of the term work in the Law; but it is 
evident from several passages in the Pentateuch that it was peculiarly 
all work of a servile character that was forbidden. Thus there is a 
special commandment to rest on the Sabbath in seed-time and harvest, 
as well as at other seasons (Exod. xxxiy. 21), and there were prohibi- 
tions against kindling fire (Exod. xxxv. 4) or preparing food on the 
Sab (Exod. xvi. 5, 22-30); the people were severely repri 

by Moses for going out of their tents to gather manna (Exod. wid.), 
and 9 a eee batt ee ve oe ee ae 
gathering sticks on the Sabbath. (Numb. xv. 32-36.) This peculiar 
feature of the Jewish Sabbath was intended constantly to remind the. 
ae of their deliverance from their servile condition in the land of 


he Rabbins of later times added many superstitious and vexatious 
observances to the Mosaic law of the Sabbath, such as the i 


of travelling further on that day than twelve miles, or, as it was after- 


wards settled, two thousand cubits, that is, about one mile. For 
further information on these points the reader is referred to Lightfoot 
(‘ Works,’ ed. Pitman, Index, art. ‘ Sabbath’), 

The word Sabbath was also used by the Jews as a general name for 
their religious festivals, and also as equivalent to the word week. 
(Levit. xxiii. 15; Deut, xvi. 9; Matt. xxviii. 1; Luke xviii, 12.) 

The first teachers of ag an Aga the Sabbath, but intro- 
duced a similar institution in its place, the observance, namely, of the 
Jirst day of the week as a day of rest and of religious worship, in 
commemoration of God's resting on the seventh day, and also more 
especially of the resurrection of Christ. Hence it was called “the 
Lord’s day” (i kvpiuch juépa), just as the ordinance by which Christ’s 
death was commemorated was called “the Lord’s Supper.” It has 
been held by many eminent divines that there is not ient evidence 
in the New Testament for such an institution, that the change of the 
day from the seventh to the first day of the week is an ee 
difficulty, that the Sabbath was a Gurely Jewish institution, 
fore that it is not binding upon Christians. The chief difficulties in 
this discussion appear to have arisen from a mistaken view of the 
questien as if it were, not whether the Christian church pomente any 

bbatical institution, but whether the Jewish Sabbath is bindi upon 

r The great fact of Christianity is the pemoerechion of Seki 
which was effected by the power of the same God who created the 
world: this occurrence took place on the first day of the week ; and 
to keep it in remembrance, we observe that day as our stated time of 
religious worship; or, as Bishop Horsley states the matter, “ By keep- 
i a Sabbath, we acknow a God, and declare that we are 
atheists: by keeping one day in seven, we protest against 
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‘ledge that 


who in the beginning made the heavens and the 
by keeping our Sabbath on the first day of the week, we 


% : Judaism, and acknowledge that God who, having made 
Piel cat his ont begotten Son to redeem mankind.” 
In its very nature the Sabbath appears to be intended for the whole 
race. As a religious institution, designed to keep in remem- 
the God who created the world, it belongs equally to all men, 
ince all are the creatures of the same God, and all are prone to forget 
is not continually and regularly forced 
a day of rest, if needed at all (and it is 
rest is necessary), it is needed by every 


Its appointment is coeval with the 


also to be indicated by those words of Christ (Mark ii. 27), 
Phe Sabbath was made for man,” that is, not for the Jews merely, 
but for the benefit of the whole human race. 
q used in the New Testament as a of the eternal 
rest of heaven: “ There er a aes S L nscreet- an. t| 
gaPBariwpds) to the le of ci eb, iv. 9. me understand 
this of the Cieieden Sabbath. 
is, On the Laws of Moses, arts 194, 196 ; tfoot’s Works, 
see the Index ; Horsley’s Sermons, 21, 23; Wardlaw, the Sabbath ; 
Hessey, Lampton Lecture—Sunday : its Origin, |History, and present 
Obligations ; Winer's Biblisches Realwirterbuch, art. ‘ Sabbath.’) : 
, an heretical Christian sect, which arose about the 
middle of the 3rd century. They were the followers of Sabellius, an 


African or presbyter, who resided in the Pentapolis of Cyre- 
Mao oriae Kabt teas teach ost exp ome pocom to tio Godbeed, 
», the Father; that Christ was a mere man, but that there 


‘ in him a certain proceeding from God, or a portion of 
the divine nature ; and they likewise deemed the Holy Spirit merely a 
eee enenes for enanmnice proweens from God. They illustrated 


their oe ny the thal oy Foe AS ah eda 
nating , and the Holy Ghost to its energy. They were 
ly 


¥ erctics ; Neander’s Kirchengeschichte; Mosheim's €cclesiastical 
SA } (Saquebute, Fr.) the name formerly given in England to 


the Tromsone, which see. 

SACCHARIC ACID (2HO,C,,H,O,,). When sugar is gently heated 
with nitric acid of specific gravity 1°25, and the liquid subsequent 
boiled and evaporated, a colourless, deliquescent, sticky maas is obtained A 
to which the name of saccharic acid has been given. It is only slightly 
soluble in ether, but very soluble in alcohol or water; has a disagreeable 
acid taste, and has not yet been obtained in a crystalline condition, 

Saccharic acid is isomeric with mucic acid. © the latter acid, it 
is bibasic, forming, with bases, salts that are mostly crystalline. The 
neutral saccharate of potash contains (2K0,C,,H,O,,); the acid salt 

the ition (KO,HO,C,.H,0,,), and occurring in acicular 
or ha 

SA MARIMETH . A generic term for certain operations under- 
taken with the view of ascertaining the quantity of sugar present in 


matter that may contain it. 
 Baccharimetry i bg pre performed upon solutions which are 
to cane (ordinary) sugar only, the object being merely 


to ascertain the amount present. In such o case it is only necessary 
to take the specific gravity of the liquid by a hydrometer, and then 
refer to a previously table of densities and per-centages. If 
Baumé’s hydrometer be used, the degrees of specific gravity marked 
on its stem indicate the following centesimal proportions of sugar :— 


i 


Sagar Sugar 
Degrees. percent. - Degrees. per cent, Degrees. per cent, 
ew) 2S 13, . 287 25. 46°2 
| ee ee 4 . . 256 . 481 
Za ss 68 18 vw. 37° 27 50°0 
4s. 70 16 4. 20° 28. . 52° 
6. s 87 7. 6 (51S 29. . S41 
6 .. 4 18 , . 334 30. . 56°0 
7 « « 134 19. . 852 $l. . 580 
8 .. 14% 20. . 370 32. 60°1 
9 .. 169 21. . 388 33. . 623 
10 . . 182 22. . 406 84. . G44 
ll - 20°0 23... 43°4 35... 6606 
12. . 218 24. . «6443 


econ thcha through the liquid and optically examined by a plate of 
tourmaline, N to. te oth tarising y oso to 


the eye-piece is a short arm which traverses a circle divided into 
. ‘The eye-piece and arm are previously so adjusted that when 
the ray is no longer visible the arm points to the zero of the scale of 
degrees. The saccharine solution, however, so twists the ray as to 
in render it visible; and the number of degrees which the eye- 
piece has to be rotated before the ray is once more invisible is exactly 
proportionate to the strength of the solution. The value of the 
degrees having been ascertained by direct experiment and the results 
tabulated, a reference to the table at once indicates the per-centage of 
sugar in the liquid under examination, _Grape-sugar also possesses the 
property of dextro-rotation, but less powerfully than cane-sugar; 
moreover the former variety does not, like cane-sugar, suffer inversion 
of the direction of rotation on the addition of hydrochloric acid to its 
solution: an operation that furnishes data for ascertaining the amounts 
of cane and of grape-sugar, or of crystallisable and gah lore 
, present ina mixture. In using the polariscope-saccharometer, 
it is convenient to use tubes of uniform size, and always to operate at 
the same temperature. by boiling 

Cane-sugar is readily converted into grape-sugar by boiling for two 
or three hours with dilute solution of parche 4 acid, and the grape- 
sugar may then be estimated by the depth of colour which results on 
boiling it with solutions of caustic soda or potash; comparison being 
made with standard coloured solutions prepared from known quantities 
of grape-sugar. The quantity of grape-sugar, and indirectly of cane- 
sugar, may also be determined by amount of its solution which is 
required to be added to a given volume of a standard alkaline solu- 
tion of tartrate of copper and potash, before complete precipitation of 
the copper (as suboxide, Cu,0) is effected. The standard solution 
referred to is known as Fehling’s, and is thus pre} :—1 ounce of 
crystallised sulphate of copper, 3 ounces of bitartate of potash, 
14 ounces of pure carbonate of potash, and 14 or 16 ounces of a solu- 
tion of caustic soda of sp. gr. 1°12 are mixed together, and water added 
until the whole measures 15,160 grains ; 200 measures of this solution 
contain an amount of copper that is perfectly precipitated by one 
grain of grape-s (C,,H,,0,.)- In using Febling’s solution, a tem- 
perature ap i e boi point should be maintained, and the 
saccharine liquid should be slowly added from a graduated burette, 
By either of the above processes the separate amounts of cane and of 
grape-sugar in a mixture of the two may be ascertained by two 
operations; one performed before boiling with dilute acid and the 
other after: the quantity first indicated will be the grape-sugar, and 
that, being subtracted from the numbers obtained in the second experi- 
ment, gives the proportion of cane-sugar, One-eighteenth of the latter 
number must, however, be deducted; the equivalent of grape-sugar 
being ee by that amount than cane-sugar. 

SACCHAROMETER, an instrument used principally in the opera- 
tions of bre’ and making sugar, It serves to indicate the density 
of the liquid extracted from malt, or the degrees to which the juice 
exp: from the sugar-cane is concentrated previously to under- 
going the process of crystallization, An instrument of like kind, 
called a lactometer, is employed to exhibit the density of milk. Both 
of them are formed on the same principle as the hydrometer [Hypro- 
METER], and such instruments are sometifnes comprehended under the 
word ar@ometer, or gravimeter, Their general use is to determine, 
when extreme accuracy is not required, the specific gravities of liquids 
which are of greater density than water, and even those of solid bodies 
in small quantities, [Srecrrio Gravity. ] 

SACCHULMIN, the brown substance produced by the action of 
sulphuric acid upon sugar. 

ACER MOKBUS (‘Iepa Néoos), a term applied apparently ir Se 
ancients to more than one disease, as Athenaus (‘ Deipnosoph.,’ lib, vii. 
§ 33, p. 289) speaks of ras lepas kadounévas vécous, and Heraclitus is 
said Diogenes Laertius (‘De Vit. Philosoph.,’ lib, ix., cap. i, § 6 
and 7) to have called Arrogance by that name: thy re ofnow lepaw 
vécov theye. Generally however it is merely used as one of the nume- 
rous names of epilepsy [Eritersy], and this is the explanation given 
by Hesychius and Suidas in voc. It is first used by the author of the 
treatise Mepl ‘Iepijs Nésov, ‘ De Morbo Sacro,’ which is"published among 
the works of ee aes i,, p. 587, ed, Kiihn), though it was 

robably written by one of his successors in the Dogmatic school. (See 
er, ‘ Censura Libr. Hippocr.,’ Vratislav., 1772, 8vo., § 44, p. 162; 

and Ackermann, ‘ Hist. Liter. Hippoer., ap. Fabricii Biblioth, Gr.,’ ed. 
Harles, and Kiihn’s ‘ Hippocr., tom. i.) The term is also found in 
Aretsus (‘De Caus. et Sign. Diuturn. Morb.,’ lib. 1,, cap. 4), Theophanes 
Nonnus (‘ Epit. de Curat. Morb.,’ cap. 36), Artemidorus (‘ Oneiroerit.,’ 
lib. ii., cap. 12, where see Reiff’s note 35), and others. The meaning 
of the term is obscure and uncertain, and several derivations of it are 
mentioned by Areteus (loco cit.): “There is,” says he, in Dr, Rey- 
nolds’s translation, “a sort of ignominy too in the of epilepsy, 
for it seems to attack those who offend the moon, and hence the 
disease is termed ‘sacred ;’ or it may be from other reasons, either 
from its magnitude (for what is great is ‘ sacred’), or from the cure 
not being in the power of man but of God, or from the notion that a 
demon has entered the patient, or from all put together, that it has- 
been so called.” The author of a treatise ‘ De Morbo Sacro,’ seems to 
shave considered the origin of the term to have arisen from the belief 
either that this disease proceeds more immediately from the anger of 
the gods, or that it is more wonderful than others, or that its cure 
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depends more entirely upon divine assistance ; as he refutes all these 

nions at sonie length, (See also Galen, ‘ Comment,’ vi., in Hippocr. 
* Epidem.,.’ lib. vi., tom. xvii, B., p. 341, ed. Kiihn.) The other reason 
that is given, namely, “ the magnitude of the disease,” is supported by 
the author of the ‘ Schol. MS. in Gregor. Nazianz. in Bastii Excerptis,’ 
quoted in Gaisford’s Suidas : tuts lepdy érépay twa A€youms véoor Te 
deduars robry, Thy drimrruchy olua’ lepa 3¢ arn xupudrepoy dv KAxOeln, 
diagep iy Ti xaxdou’ ere Kad péya 7d lepdy Tots yAwoonparixois 
Bora xodrriv@u, It is also indirectly supported by the analogous 
ex ions lepdby pévos ‘AAxurdow (Homer, * Odyss.,’ lib. vii., v. 167), 
lepds ix@is (see Athenwus, ‘ Deipnosoph..,’ lib. vii., § 17-20, pp. 282-4), 
and especially by the anatomical name lepby doroiy, “os sacrum,” of 
which this seems to be the most probable interpretation. Cwlius 
Aurelianus gives the following interpretations : “ Appellatur Epilepsia 
* sacra , sive quod divinitus putetur immissa; sive quod sacram 
con animam [which is supported te Apuleius, ‘ Apolog.,’ p. 58, 
ed. Price]; sive quod in capite fiat, quod multorum philosophorum 
judicio sacrum templum est partis anime in corpore nate Kore is 
the reason given by Theophanes Nonnus, /oco cit.]; sive ob magni- 
tuditiem paasionis, majora enim vulgus sacra vocavit.” (‘De Morb. 
Chron.,’ lib. i., cap. 4. p. 201, ed. Amman.) Of all the explanations 
that have been proposed, perhaps that which derives the term from 
the disease being supposed to be under the more immediate direction 
of the gods is the most likely to be the true one, both as being the 
most ancient and also as being that which Galen preferred: it is also 
indirectly confirmed by two popular names mentioned by Leo in his 
* Synopsis Medicine, lib. ii., cap. 2 (ap. Ermerins, ‘ Aneed. Med. Gr.,’ 
Lugd. Bat., 8vo., 1840), namely, daluwy and ceAnnacuds. If this is 
not the real meaning of the term, it must have been applied “ ob 

wnitudinem possionis,” for none of the other derivations bear the 

ightest marks of probability. 

ACK, a Spanish wine of the dry kind; in French, Vin sec. It is 
the same wine which is now named Sherry. Falstaff calls it Sherris 
sack, that is, sack from Xeres in Spain, Ritson supposed that the 
old sack of Falstaff's time was a compound of sherry, cider, and sugar; 
but he produced no good authority for the assertion. The chief 
difficulty about sack has arisen from the later importation of sweet 
wines from Malaga, the Canaries, &c., which were at first called 
Malaga, or Canary sacks; sack being by that time considered as a name 

icable to all sweet wines, One of these sweet wines still retains 

ie name of sack. It is little used, but being proverbial for sweetness, 
it has d some mi tanding as to the original dry sack, 

SACRAMENTS and TRANSUBSTANTIATION, The Christian 
Sacraments are not merely certain high forms, but the highest acts of 
church membership. For the Christian Church bei but the 
outward visible representation of the internal fellowship of the 
faithful with Christ, and with one another; this twofold element of 
the church is most fitly corresponded to by the institution of external 
visible actions, intended to express an internal spiritual effect or grace. 
Such are the Sacraments, a term used to ex “Sacramentum,” by 
which the Greek mysterion is rendered in the old Italic versions, and 
also in the Vulgate. 

With regard to the number of the Sacraments, as is well known, 
two opinions are current among Christian communities,—the Greek 
and ish Churches holding the number of seven, while all other 
Catholic bodies limit the number to two. The history of this 
difference may be briefly stated as follows. The term Sacrament was 
— + bees Fathers to the mysterious doctrines of religion, as the 

inity, the Incarnation, and, in some instances, to the ordinances of 
religion in a wide sense. In a certain sense the seven-fold system of 
the Church of Rome may be considered as an abatement of the lax 
terminology of some of the Fathers. The title of sacraments is by her 
limited to seven actions—baptism, or the sign of our spiritual birth ; 
the eucharist, in which our spiritual life is nourished ; confirmation, 
for the strengthening of the same ; penance, for the restoration of the 
lapsed ; extreme unction, asa preparation for death ; matrimony, for 
maintenance of the race of ind in general ; and orders, for that of 
the race of God's ministers. 

Without entering into the controversy on this subject, it will be 
sufficient to observe that the number of seven, as asserted by the 
Church of Rome, is very far from being sanctioned by the uniform 
assent of ecclesiastical practice. An‘ ently to a very modern synod 
(that of Florence) the number of seven had never been positively 


The two sacraments then, to which, in the judgment of all Catholic 
bodies art Pry copes — apes a the number is 
proper, , are those of baptism Lord’s supper. It is 

that on the basis of two Jewish rites of sisuahioad typical 
import our Lord established, by direct command, those two sacra- 
ments, of which alone the authority is unquestionable. An indirect 
argument in favour of this more restricted view may be drawn from 
the Romanist statements ing the relative value of the several 
sacraments. For although the authorities of that church are con- 
anxious to prove the entire number of seven to be equal in 
dignity which directly attribute to the eucharist, and 
which they cannot withhold from baptism, may be in some sort 


a as an involuntary assent to the doctrine of the opposite ° 
The principal feature of the scheme of salvation roridentilly 


offered to man is faith in the Saviour; that is, that through Christ a 
oe peta ed to heaven. The eye of this Christian faith is not con- 
ned exclusively to the doctrine, or the m, or the sufferings and 
death of Christ; but it comprises within its range the entire system. 
It consists in a perfect devotion to Jesus; in an internal union with 
him, and spiritual imitation of him, in which man appears as a new 
creature, alike as regards knowl , feeling, and action. The symbols 
of this faith, and the acts by which an obligation to it is expressed, are 
the two Christian sacraments—baptism and the Lord’s Supper. Baptism 
will be found fully treated under sap papal Seiko oid : 
he various opinions i ee and a propriate 
benefits of the Lorts Supper are of high antiquity. A lstory of 
these will be found in the article Communtoy. The difficulties con- 
nected with the question are increased by the general adherence to 
the words of Scripture, observable in the liturgical formularies. The 


scientific definitions throughout that eyes But, concurrently with 


the uniformity of practice, there is to be found a three-fold variety of 
interpretation, corresponding with the peculiar views of what may be 
considered the three principal schools of early Christian theology. _ 
The Church of Asia Minor, as also some great Origenists in the 
West, professed views of the holy eucharist which the Church of Rome 


and the Lutheran have (to a certain extent,) pleaded as the sentiments 


of antiquity supporting their own. Such were those of Ignatius, 
Justin Martyr, Irenzous, Hilary of Poitiers, Cyril of Jerusalem, 

of Nyssa, Ambrose, Chrysostom, and Theodoret. The common point 
of agreement among these writers is the communion of the body and 
blood of Christ in a high spiritual sense generally. But a considerable 
difference of statement regarding details is observable among them, 
For example, some expressions of Cyril of Jerusalem are directly and 
strongly opposed to the tenet of transubstantiation, which Gregory of 
Nyssa is not unfairly quoted as supporting. 

The views of the Church of North Africa, as expressed by Tertullian, 
Cyprian, and Augustine, differed as a whole from those just named, 
The African doctors may be considered as regarding the eucharist as 
an active and efficacious symbol, 

A third party, that of the school of Alexandria, applied in some 
measure its usual allegorising views to this sacrament. But even in 
the absence of all approach on the part of these Fathers to corporeal 
views, a leaning to the sentiments of the first-mentioned party is 
observable in some portions of their writings. 

Each of the many designations by which this sacrament was known 
until the close of the 4th century, bore some reference to the original 
object of its institution. This may be traced throughout the various 
expressions—breaking of bread, communion, Lord’s supper, eucharist, 
oblation, commemoration, and passover. cclesiastical antiquity can- 
not be adduced with fairness in support of the literal interpretation 
applied by a large body of Christians to the words used by our Lord 
in His institution of the sacrament. John of Damascus, the principal 
writer of the Eastern Church, maintained (it is true), on the authority 
of some of the Fathers, a literal change of the bread and wine into the 
body and blood of Christ, The figurative interpretation put upon the 
words of Christ by a council at Constantinople in a.p. 754 was denied 
at the second council of Nice in 787, when it was ruled that the sacred 
symbols are not figures or images at all, but the real body and blood. 
Theophylact and Euthymius Zigabenus coincide with John of Damas- 
cus. But it was reserved for the Western Church to carry out into its 
remote consequences the doctrine of a material change, which, in 
common with her Eastern sister, she ultimately came to maintain, 


This doctrine was maintained during the 9th century by Paschasius 


Radbert more precisely and authoritatively than before. He was 


. 


opposed, however, by Rabanus Maurus, and Ratramn or Bertram (whose - 


sounder and more scriptural views many centuries later found an echo 
“4 our own Ridley), and also by the suspected ingenuity of Scotus 
rigena. 

Various instances of Sor to the doctrine of transubstantiation 
subsequently occurred ; but, supported by authority like that of 
Sylvester Il. (the famous Gerbert), it continued to gain ground. 
During the 11th century it had become an article, to dissent from 
which was heretical ; ey, a doctrine substantially the same with 
“that held by the Anglican Church at the present day was preached by 
doctors such as Alfric, and although an archbishop of Sens, Leutheric, 
advocated opinions fey | the eucharist similar to those which 
involved Berengar of Tours in controversy with Lanfranc, and drew 
upon him the hostility apd condemnation of popes and councils. 

Among the numerous controversies connected with the different 
theories on the subject, the more modern opinions are marked by a 
tendency to the eucharist as a purely symbolical rite. Por 
transubstantiation Luther substituted a corporal local presence, com- 
monly called consubstantiation. There appears an inconsistency in the 
ol with which Luther contended for his theory. He had aban- 
doned the sacrifice of the mass and the theurgic ions connected 
with the real presence which made this dogma of such importance to 
the Church of Rome, Luther's tt object was to this 
sacrament from meng cexrated by the same unspiritual subjective views 
(as he conceived) with which it was menaced by Carlstadt and his party. 
This evil would be best remedied by a bold assertion of the objective 
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dignity of this sacrament, divested of the superstitious additions with 
which it was encumbered in the Church of Rome. Hence the Lutheran 
doctrine of the eucharist. What has been said will suffice to show how 
ered is the charge sometimes brought against Luther—that he 
-! rew away the substance while he retained the shell. But his tena- 
= - ecameoaet to Leora in this apc re ang bay 
_ his uncompromising hostility to that philosophy respecting the funda- 
_ mental dogma of justification by faith. Zwingli, on the other hand, 
together with a corporal and local presence, rejected all notion of a 
pe nee and graces. But the opinions of Calvin shortly 
Z superseded the colder ones of Zwingli, many of whose 
followers, to quote from Waterland, abandoned the “ notion of naked 
: and to the ists of those times, where they rested, 
again revived by the Socinians, who afterwards handed them down 

to the Remonstrants.” 
The point of divergence between the adherents of Luther and Calvin 
respecting the eucharist may be stated thus :—The former party held, 
to the earlier Augsburg Confession and the Form of Concord, 
that the of Christ was contained in, with, and under, the sacra- 
mental bread. The others held the doctrine only of a real spiritual 
feeding on the body of Christ, which took place in the faithful contem- 
with the reception of the outward elements. In the 
inion of Waterland, “ Calvin refined upon Zwingli's scheme, steering 
aking of middle course between the extremes. He appears to have 
set out right, taking his ground with good judgment; and had he but 
built as carefully upon it afterwards, no fault could have been justly 


ican doctrine was borrowed 


and symbols of bread and wine; the result of such feeding is the 
strengthening or perfecting our mystical union with the body glorified, 
and #0, properly speaking, we feed upon the body as dead, and we 
receive it into closer union as living, and both in the eucharist when 
celebrated.” 
SACRIFICE, an offering made to God, in which the thing offered is 
see ed partially destroyed. It is generally supposed that sacrifices 
were tuted immediately after the fall of Adam, when God made 
with him what is called ‘‘the covenant of grace;" and that on this 
occasion the sacrifice was partly an atonement for Adam's sin, partly a 
ratification of the covenant. This supposition is founded on the fact 
that God clad Adam and Eve with the skins of beasts; and since 
been given to man, it is thought that these beasts 
as i (Genesis, chap. iii.) In the next 
—- we meet with sacrifices as a divine appointment. (Gen. iv. 
-5.) All over the world sacrifices’ have been found in some form or 


i 


the divine Being. Sacrifices form a large part of the Jewish law. 

Christians believe them to be abolished since the death of Christ, 

since, as Paul argues in his Epistle to the Hebrews, that was the 

a eee which has for ever made atonement for the sins 
men. 


SACRILEGE is “the felonious taking of any goods out of any 
parish-church or other church or chapel.” By the common law it was 
capital offence, though the offender seems to have been entitled to the 
benefit of at the discretion of the ordinary, But even if it were 
not clergyable at the common law, yet the statute 25 Edw. III. c. 4, 
De Clero,” comprehended this as well as other crimes, and gave “the 
privilege of holy church to all manner of clerks, ag well secular as 

“s the statutes of 23 Hen. VIIL., c. 1, and 
IIL, c. 3, Be fo 5 & 6 Edw. VI., ¢. 10, all persons not 
the 


from benefit of cl who on an 


s 


= chapel, or other A arg were 
convicted, stood mute, or perem: challenged more twent 
of the jurors ; and by 3&4 Will, & Mary, 9, the leila soneequianed 
their outlawry. It seems, however, that no sacrilege 
came within these statutes which was not accompanied by an actual 
of a church, &c. But by 1 Edw. VL, c. 12, all in 

were deprived of their clergy for the felonious taking of any 

goods out of an: -church or other church or chapel in all cases, 
except that of ging more than twenty jurors; and by 3 & 4 Will, 

d Bert che nah challenging, as well as upon conviction, &c., 
upon an indictment, whether in the same county wherein the sacrilege 
was or in @ different one. It seems that sacrilege was the 


only felony at common law which deprived the offender of the privilege 
of sanctuary, 

The present state of the law of sacrilege depends on the statute 7 & 
8 Geo. LV., c. 29,8. 10, which enacts that “if any person shall break 
and enter any church or chapel, and steal therein any chattel, or 
haying stolen any chattel in any church or chapel, shall break out of 
the same, every such offender, being convicted thereof, shall suffer 
death as a felon.” 

By 9 Geo. IV., c. 55, s. 10, the same protection was extended to 
meeting-houses and all places of divine worship. 

By the statute 5 & 6 Will. IV., c. 81, the punishment of death was 
abolished, and transportation for life or for any term not less than 
seven years, or imprisonment with or without hard labour for any 
term not exceeding four years, was substituted in its place. These 
penalties were again altered by 6 Will. IV.,c. 4, which limited the 
term of imprisonment to three years, and gave to the court a discre- 
tionary power of awarding any period of solitary confinement during 
such term. But now, by the statute 7 Will. IV. and 1 Vic. c. 90, s. 5, 
no offender may be kept in solitary confinement for more than one 
month at a time, or three months in the space of one year. And see 
16 & 17 Vict. c. 99. 

SADDLERY. [Learner Manvracture.] 

SADDUCEES (Zaddovxaio), one of the four Jewish sects at the time 
of Christ. The Rabbinical tradition makes them the followers of 
Sadoe, a disciple of Antigonus Sochos. They denied the existence of 
any spiritual beings except God, and believed that the soul died with 
the body, and therefore that there was no resurrection. (Matt. xxii. 
23; Acts, xxiii. 8.) In consequence of this disbelief in a future state 
of rewards and punishments, they were inexorable in punishing crimes. 
They rejected the doctrines of predestination and providence, main- 
taining that men were left to determine their own course without 
assistance or hindrance from God. They rejected the traditions of the- 
Pharisees, and adhered to the text of the Mosaiclaw. They have been 
accused of rejecting all the books of the Old Testament except the 
Pentateuch ; but the passage of Josephus, on which this charge is 
founded, does not sustain it, Though inveterately opposed to the 
Pharisees, they united with them against Christ. During the period 
to which the New Testament refers, though less numerous and less 
popular than the Pharisees, they seem to have been superior by the 
eminent men they had in the Sanhedrim, and some of their body were 
Rig eis, as Caiaphas and Ananias. It seems that they consider- 
ably modified their opinions in progress of time, and _ received 
the doctrines of angelic beings and of the resurrection ; so that at last 
they were only distinguished by their rejection of tradition, from which 
circumstance they obtained the name of Caraites, in the 8th century 
A.D. (Josephus, * Antiq.,’ xiii. 5, 6, 9,10; xviii. 1, 4; Jahn’s ‘ Biblical 
Antiquities; Winer’s ‘ Biblisches Realwérterbuch.’) 

4 SAFES. [Firerroor Construction; Firerroorie.] 

SAFETY LAMP. [Lamp, Sarery.] 

SAFETY-VALVE. An opening in a steam-boiler loaded with a 
certain weight, which is raised by the steam when the latter acquires 
a certain elasticity, so that a portion of the steam escaping relieves the 
boiler from internal pressure and danger of bursting. In the locomo- 
tive engine the boiler is furnished with two loaded valves, one of which 
is beyond the engine-man’s control, and is called the lock-up valve, 
while the other, at a somewhat lower pressure, can be regulated by 
him, by means of a lever and spring balance, By making the aperture 
large enough, the whole of the steam can be let off as soon as it is 
generated, by which means the engine is put out of work. The valve 
may be loaded by means of a weight placed upon it, or by means of 
a lever with an adjustable weight according to the pressure required. 

SAFFLOWER, or Bastard Saffron, is noticed under the botanical 
name of the plant rere tinctorius, in Nav. Hist. Dry.] yielding 
it. This plant has been cultivated in Eastern countries from the earliest 
times, both on account of the oil expressed from its seeds and for the 
colouring matter procurable from its flowers, which in their dried state 
form the safflower of commerce. The oil of the seeds of carthamus was 
valued by the ancients as a laxative medicine, and is still employed by 
the Asiatics for the same purpose, as well as for external application. 
It is most extensively used as a lamp-oil. The seeds are eaten by some 
birds, especially parrots, whence they are called “ graines de perroquets.” 
The plant is, however, chiefly cultivated on account of its flowers, not 
only in China, India, and Egypt, but also in the south of Europe, 
That from China is the most valued, and the Bengal safflower con- 
sidered the most inferior. This might be remedied  ahry by select- 
ing and sowing only the seed of the most highly coloured flowers, and 
then adopting the Chinese method of gathering the crop when the 
flower is in the highest perfection, and only picking off the upper and 
coloured parts of the floret, instead of the whole floret, of which the 
Jower part is whitish-coloured. Besides this, careful drying is essential 
to the preservation of the colour, or, as Mr. E. Selly has recommended, 
gubdcal drying “‘in close chambers with some organic substance, or 
perhaps with hot sand;” but the natural heat of the climate in 
darkened chambers would probably be sufficient. 

SAFFRON consists of the dried stigmas of the Crocus sativus, a 
plant native of Greece and Asia Minor, but extensively cultivated in 
Austria, France, Spain, and also formerly in England. The Sicilian 
saffron is said to be the produce of the Crocus odorus, but both in 
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ancient and modern times this sort has been little esteemed. England} The principal stars are as follows ;— 
is chiefly supplied from France and Spain; that of Spain being pre- No, in Catalogue 
ferred. In Germany, however, saffron isnot in such repute as|  - No, in Catalogue of British 
the Austrian, great pains being in the cultivation of the Mant in Character. of Flamsteed, Association, 
that country. The cormi or stems are subject to the a of a 5 5 6739 
fungus, Selerotium Orocorum, by which they are ngomnaip. hy rete B 6 
When the flowers expand, and are thoroughly open under the influence ¥ 12 6858 4 
then, ee which there are — ate eee ae 
portion one style remaining attached to them, upon} SAGITTARIUS (the Archer), one of the constellations of the 
pee, Se eens Seer ar Weceblo kites over ch a hair- | zodiac, the figure of which is that of a centaur drawing the bow, and 
cloth or fine sieve is ed, or ina room by the sun. The stigmas | situated below Aquila, between Scorpius and us: it must 
are from an inch to an inch and a half long, narrow and roundish | not be confo with Cenraurvs, The mythological account of 
pee attached to the style, but spreading out and club-shaped | this constellation is very meagre, and confirmatory of the reason given 
towards the apex, which is truncate. The pt ar bed an orange | in ConsTELLATION why the Greeks could not haye been the first to 
or brownish red ; the part of the style termed féminelle is yellowish. | give names to the constellations. Hyginuscan find no more illustrious — 
The stigmas have a , aromatic, and, when in large quantity, | mortal to fix in this of the heavens than one Crotus, the son of 


sliva are rendered yellow. By internal use of them many of 
the secretions acquire a yellow colour. The stigmas of Crocus Pallasii, 
onl ©. Susianus, are not so long as those of the genuine 


glish commerce is 
generally very pure; but the high price offers much temptation to 
sophistication, which might be diminished by collecting the stigmas of 
the Crocus vernus, w) are little inferior in colour or potency to 
those of the autumnal crocus. According to Mr. Pereira, one grain of 
good saffron contains the stigmata and styles of nine flowers; hence 
4820 flowers are required to yield one ounce of saffron. Saffron was 
formerly met with in two forms, hay saffron and cake saffron, the 
former ib now alone in demand, the latter being entirely an artificial 
compound of the florets of the safllower, gum, and some other materials, 
Genuine saffron is often moistened with oil, which gives an appearance 
of freshness to old and saffron ; but the mixture is easily detected. 
Saffron consists of a volatile oil,in variable proportion, which is heavier 
than water, of polychroite, which is a compound of a volatile oil and a 
bitter red substance (or polychroite properly so called), gum, and other 
pri “a a SAFRANIN. 

formerly many poyerful and important properties mis- 
takenly assigned to it. On the Continent it is much used as a condi- 
ment with food. In England it is used in medicine, chiefly as a 
colouring ciple. It is also employed as a pigment for water colours, 
and as a dye, for which purpose considerable quantities are imported 
from France 


SAFRANIN, (Polychroite.) Alcohol takes up from the aqueous 
extract of saffron a peculiar colouring matter to which these names 
have been given. On the evaporation of the alcohol it forms an un- 
crystallisable mass, boc soluble in water and alcohol, but almost 
insoluble in ether and in oils. Its composition has not been 


ascertained. 

SAGAPENUM, said by Willdenow to be yielded by Ferula Persica 
which no one regards as certain, though it is generally believed to be 
furnished by some es of Ferula. The ba (or plants) which 
oe it grow in Pi and other regions of East. It is procured 

the same way as assafotida. It occurs either in tears or irregular 
masses, of a dirty brownish colour, con in the interior white or 
yellowish grains. It is difficult to break (unless when very old), is 
tenacious, and not easily powdered, except in winter. It has the same 
alliaceous odour, but less powerful, as assafoctida, with a nauseously 
bitter, acrid, guttural taste, 

It consists of, in the 100 parts, according to Pelletier :— 


Resin . . . . . . : . - 54°26 
Gum . . . . . . a - 81°94 
Rassorin . . . . ° . . » 10 

Peculiar substance . . ‘ : . » + 0°60 
Acidulous malate of lime . ‘ . ‘ + 0-40 
Volatile oil, including loss . . . . + + 11°80 


Brandes found only 3°73 per cent. of volatile oil, and less resin than 
in the above ; and Geiger says it has less volatile vil than assafotida ; 
while Pelletier’s analysis gives nearly three times as much. The resin, 
eee how & ic acid, becomes first reddish, then 

, and at last brown. The resin appears to bea mixture of two 
one soluble, the other insoluble, in ether, Form: there were 
two kinds of Sagapenum in commerce, but at the worst 
of met with, It is said to be adulterated with asafotida 


| 


asaicotida and other fetid gum-resins. [Asaratrpa.] 

SAGITTA (the Arrow). This constellation is one of the old ones, 
over the back of Aquita, In ConsrELLaTtion it is 
stated that Sagitta is a part of Aquila in Aratus; but this, though 
very commonly stated, is erroneous, as is noticed by Grotius in his 
notes on Aratus ; though the edition of Grotius himself countenances 

in the plates, Grotius traces the mistake to Germanicus in 


Its action on the human system is the same as that of 


Eupheme, the nurse of the Muses; but it is worth noting that he says 
sanyo sees denied that the original figure was that of a 
centaur, 

The principal stars are as follows :— 


No. in Catalogue} No, in Catalogue 
of Flamsteed of British 
Character, (Piazzi) Association, Magnitude. 
al 10 6115 3 
# 13 6168 4 
6 19 6209 3 
€ 20 6233 3 
A 22 6263 4 
3 37 6461 4 
ry 38 6489 3 
o 89 6507 4 
T 40 6521 4 : 
™ 41 6548 4 P 
pt (54) 6608 4 


SAGO, a word , in the language of the Papuas, bread. 
since it constitutes the staple article of food of the inhabitants of the 


ago, Sago of ae 
prepared by the plant for the use of the flowers and fruit, and is most 


and then divided into pieces of five or six feet in length, “A part of 
the outer hard wood is then sliced off, and the workman, to 
the pith, cuts across the longitudinal fibres and the pith r, 
leaving a ang each a Reo ta = prpdinis it is eye ne there 
remains a trough, into whi e put, mixed with water, 
and beaten with a piece of wood. . the fibres, being then separated 
from the pulp, ffoat at the top, and the flour subsi ane bas 
cy. a 


cleared in this manner by several waters, the pulp is put into 
drical baskets made of the leaves of the tree; and, if it is 
kept some time, those baskets are generally sunk in fresh wa 
keep it moist, for the pulp will keep long i ed from the 
but if exposed it presently turns sour.” (Forrest! 


to 
Moluccas.’) 
The quantity yielded by one tree is prodigious, Five or 
hundred pounds are not an unusual uce for one tree; and as 


vegetation still remains after heing felled, a stem 


2s 
se 
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which goes through the different stages of growth till it is fit for the 
axe. 

The flour or powder is rarely imported, ulated being the 
state in which it is commonly brought to Europe. To it into 


this state (from the flour, it must be moistened and passed a 
sieve into an iron Eee (very shallow) held over a fire, which enables it 
to assume a glob form. Thus all our grained sago 

and will keep long. Of this granulated sago there are two varieties, 
the common or brown sago, and pearl sago. The latter is in small, 
hard, horny, or semi-transparent grains, about the size of a pin’s head; 
the former are in grains, about the size of the grains of rl 
barley, Both are inodorous, and have an insipid taste. They 


form a thick starch-like solution, which may be used as a pu 
prepared in other ways as an article of diet for children and in 

if a farinaceous diet is required. Care must be taken to distinguish 
factitious sago prepared from potatoes. This can only be done by the 


pe. 

SAIL, a quantity of canvas attached to the or stays of a boat 
or ship in order to receive the impulse of the wind, and thus give 
motion to the vessel, The depth of a sail is capable of being 
at pleasure, according to the force of the wind, by means of the reef- 


ts. 
The principal sails of large vessels can be placed at right angles to 
the direction of the keel of the ship, and this position is given to them 
when the vessel goes before the wind; in other cases the same sails 


in 
cold water, and are nearly thoroughly soluble in boiling water, so as to 
or 
‘J 
a 
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accelerative power of the wind; 
resistance in an opposite direction, 
hull of the ship, and of the water 
the accelerative power of the 
uniform velocity, and in this 
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may be [Agropryamics) that the effective 
foree with which a fluid strikes a plane surface obliquely, when 
direction to the phans, varles with the 


er Sans 1 pale pearsg 

velocity impnise is to be expressed not by the 
relative velocity of the impelling power. 

ship are moving in the same direction, the effective 

difference, and when are moving in ite 

it is the sum of their several velocities. It must be 

of the wind and the reaction of the water are 


2 


both being expressed in feet per second; for the area of the sail, and 
A’ for that of a vertical section through the immersed part of the shi 
taken cularly to the keel; the equation of equilibrium will 


AP. (V—v' 2 =a P25 
and from this equation vy’ may be easily found. It follows from the 
same equation that, when the other terms are constant, —y varies 
V — 


with 4/ a, or the velocity of the wind in the sail is to the velocity of 
the ship as unity is to the square root of the surface of the sail. =~} 

But while the plane of the sail is supposed to be perpendicular to 
the keel of the ship, let the direction of the wind be oblique to both, 
and let the force of impulse dicularly to the sail be proportional 
to the square of the sine of the inclination of the wind to the sail; 
then, if Ku be the keel, mt the place of the mast, yz the position of the 
yard, and w’ represent the direction and velocity of the wind, we 
shall have w’M." sin.? w’ mz for the force of impulse with which a particle 
of air acts on the sail, This value of the impulse is, however, correct 
only at the moment before the ship begins to move ; for, let the ship 
be advancing in the direction KL with a yelocity such that the sail 
moves parallel to itself from m to R, while a icle of air would move 
from Ww’ to m if the ship were at rest,—it will be evident now thata 


flag at M, which, when the ship is at rest, would have its plane in the 
direction w’M produced, being carried by the motion of the ship from 
M towards L, would be acted on by the particles of air coming against 
it, as if it were resisted by forces parallel to mR and tending from R 
towards M; therefore the forces parallel to w’m and Rr M being respec- 
tively proportional to those lines, the flag will by the composition of 
forces take the direction w’m, the diagonal of the parallelogram w'R. 
veeanien bea we aieeeeal of hen Sere ea its velocity may be 

y t di , when that e wind in its true 
direction is ited by w’ M: consequently the impulse of the wind 


to a’... v@, the former expressi 
The values of w’m and of wr, that is, vand v’, the absolute velocities 
of the wind and ship, and also the angle 1 w’ being known, the value 
of w’m may be computed. 
direction of the wind is not coincident with the line of 
the ship’s keel, its power to impel the ship forward will be increased 
placing the sail in some oblique position, as yz. In this case let 
icular to y 2%, the velocity with which, if not 
the water, the ship would move 7 the action of the wind. 
the resolution of motions, letting fall cp perpendicularly on 
and po will represent the velocities in those directions ; and, 
ibrium between the actions of the wind and water, 
the latter against the side of the ship perpendicularly 
to the keel will be to that against the bow, el to the keel, as oD 
to DM, or as tang. 7 om to radius, Let a” be the area of a vertical 
section through the immersed part of the ship in the direction of the 
keel, and 4’, as before, the area of the vertical section perpendicularly 
to the keel; also suppose that, in consequence of the reaction of the 
water, the ship's motion, instead of being in the direction m0, should 
be in some other, as Mr. Then, V representing the velocity of the 
ship in this direction, and the resistance of naps pd ovayd far 
to be proportional to the square of the velocity and square of the sine 
of the inclination, we have P.a’.v? sin2 & MD for the resistance of the 
water against the ship's side, and r’.a’.y? cos? x wD for the resistance 


against the bows. 


tan. OM D ; radius :: A” sin? emp: a’ cos.2 EMD; 


vas 
4 
i 
a 
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uently, the ratio of a’ to a” being sw to be known, the | right angles from a line a'r’, when that line is perpendicular to the 
t be found. If z™D= | direction of the wind, is an advance towards the wind ; it follows that 


value of &M D, that is, the ship’s lee-way, 
45°, and the ratio of a” to a’ be assumed to be as 12 to 1, the lee- 
way will be found to be 16° 6’; and if uD = 30°, the lee-wa will be 
20° 49’. But experiment alone can determiné this clement, for, with 
equal velocities and equal quantities of sail, it varies in different ships ; 
and, in the same ahip, with the velocity, and the disposition and 
quantity of the sail. . = 

Let MN represent the velocity of the ship in the direction ME ; then 
wo, the di of the parallelogram w x, will represent the efficient 
velocity of wind in that direction, wu being the true direction of 
the vecclipy aad te fall on yz the perpendicular wz, this last 


line will t the velocity icularly to the sail. Therefore 
the force of the wind in this tion will proportional to w z*; 
then drawing «Q parallel to um, to meet s Q drawn ugh % perpen- 


dicularly to wx and wQ, we have zwQ equal to the complement of 
2M #, and consequently wz? being resolved in the direction M & or wa, 
becomes wz* cos. 2wQ,or wz’ sin.zme. But w2 varies as sin. 
Z woz; therefore the force of the wind to impel the ship in the 
direction  £ is proportional to sin’. wmz sin. 2M E; and the force of 
impulse being proportional to the square of the velocity produced by 
it, it follows that the velocity of the ship will vary with sin, w mz JV 
sin. zu &. Now making the differential of this expression equal to zero, 
considering 1M £ as constant and z ME as variable, it will be found 
that this product isa maximum when 7 tM is so divided that tan. 
woz: tan. zME::2: 1, or that sin. (MZ — ZME) =} sin. w ME. 

In Maclurin’s ‘ Fluxions’ (art. 912) there is given an pepe of, 
the angle w rz, between the true direction of the wind and 
of the sail, when the velocity of the ship's motion in mE is amaximum. 
The general expression is complex, but when the direction of the wind 
is perpendicular to the ship’s course we have tan. W MZ = 

] 
Vv {2+} + ae v’ being the velocity of the ship and v that 
of the wind. ‘ 

Therefore, if the velocity of the ship were very small, we should 
have tan. WMZ= /2 nearly, or wMz = 54° 44’ nearly. But, on 
making v’ equal to }, 4, and 4 of v, we obtain for Z w Mz the several 

ing values 61° 27’, 68° 26’, and 66° 58’. It may be observed 
also that, if both Z zm 8 and y are given, the velocity of the ship will 
be a maximum when the angle w Mz is a right angle, or when the sails 
are perpendicular to the true direction of the wind. 

In the same work (art. 917) there is given the investigation of an 
equation from which may be determined the angle z mE, between the 
plane of the sail and the line of the ship’s motion when the velocity is 
a maximum; and from that equation it is inferred (art. 919) that, if 
the wind is icular to the sail, the velocity is the greatest 
(provided the velocity of the ship before the wind be not less than 
one-third of the velocity of the wind) when sin. zMx: radius :: 


its direction, : 

The force of the wind, which is denoted by P. a. w M? sin, w Mz sin. 
z™ 8, being made equal to r’. a’. v’? (which will express the resistance 
of the water, if a’ represent the area of the immersed section of the 
ship perpendicularly to wz), the value of v’, the velocity of the ship, 


ith the plane of 
general equation, that, by I 
waz, the velocity (v’) of the ship may be made to exceed wa, which 
is that of the wind. 

If it were a pg! thee ater nf oe pay Sareea apse of 
the sails, so that the ship might recede most rapidly from any point of 
danger, as from a lee-coast situated, for example, in the position 
indicated by mr’, at right angles to wm, the direction of the wind; 
to u'r’, that is,.perpen- 


multiplied by sin. RMP: the ship will recede most 
when the ion sin. wMZ. sin. EMP + sin ZME is 4 maximum, 
On making the differential of this expression equal to zero, we shall 

icularly to mr is the when 
e tangents of the angles wMz,%M k, and 
®MP are to one another as the numbers 2,1, and 2. If the velocity 
of the ship be very small, we shall have Z w £, or its equal zm P, = 
54° 44 nearly; and Z wuz = 35° 16’ nearly. And since receding at 


e plane | 


the above value of wz will indicate the position which the sail 
should have with respect to the wind, in order that the ship may get 
to windward with the greatest possible velocity. pili plese om | f 


and wind. 

Since the lee-way, which a ship alwa: are 
oblique to the direction of the wind, destroys the equality of the 
reaction of the water which would take place on the two bows if her 
movement were in the direction of her keel, and gives rise to an excess 
of pressure against the lee-bow ; it follows that in these circumstances 


the ship's head is constantly forced to windward, and that the tendency — 


of the ship to turn on the axis of the rotation is so much greater as 
the bows are more acute. ‘I'o oppose, in some measure, this ry 
the quantity of sail in front of the centre of rotation, is greater than 
that which is behind it; but, notwithstanding such pone ep it 
always requires some movement of the rudder to complete the counter- 
action. 


SAIL-MAKING, The canvas used for sails is a very stout ee 


woven in England or Scotland from Russian hemp, and 


waste. The art of the sail maker consists not only in seaming up the 


numerous breadths, so as to give the requisite dimensions to the sail, 


but also in strengthening the sail by sewing rope to its edges. 
i and soning az ‘effected with Jacee thresaided samiaian 


seaming 
seven or eight different kinds, which are threaded with sewing twine — 
having from 200 to 400 fathoms to the lb, The skeins of twine — 


previous to being used are dipped into a trough, containing melted tar, 
grease, and oil, which is afterwards dried. The sail-maker t 
thumb-stall and a palm-thimble, for protecting his right hand. His 
stitches have a yy ers degree of closeness, on which his rate 
payment in part depends; there are usually about 100 stitches ina 
a The overlapping of the breadths is an inch or an inch and a 
Besides the seaming, sundry small pieces of canvas are stitched 


F 


so a — in 1844 by Mr. Archibald Trail are 
in the usual manner, but are subsequently strengthened sewi 
to their surface a number of canvas nie about an inh 
with cords woven in them, such bands being secured at 
into the bolt-ropes, or cords forming the boundaries o 
and carried diagonally across the surface of the sail at an angle 
45° with the seams, and at a distance of about three feet from 
other. Two sets of bands are used, crossing the sail in o 
directions, one set being attached on each side of the can 
this simple contrivance the strain is so equalised as to render tearing 
less probable than with an ordinary sail; while, if inj be 
inflicted, the rent is confined within the narrow limits of one of the 
diamond-shaped compartments into which the sail is divided by the 
protecting bands, 
SAILINGS; or THE SAILINGS. The various modes‘in which the 
calculations of a ship’s true course are conducted, have already, under 
the; head Reckonrxcs at Ska, been referred to individually, as 
forming part of a seaman’s “day's work,” or dead reckoning as it is 
called; distinctive of such portions of his work as depend on observa- 
tion of the heavenly bodies, In this article it is proposed to review 
the peculiarities of the sailings with reference to the great problem 
of the accurate navigation of the surface of a sphere. 

Under the word Navicatton the subject has been treated rather as 


ep 


i 
abe 


é 
SEE 


the practice of a general system ; and its details have been partly re- 


ferred to under the terms Compass, GREAT-CIRCLE OR TANGENT SAILING, 
va tere ed ae) apa &e. = remains then to treat of the 
relative values of the various means of estimating a ship’s true tion 
by theans of certain operations called “ sai ae Y es 

In considering first the nature of the most simple form of naviga- 
tion, namely, plane sailing, but which is available for small 
spaces on the earth’s surface and in low latitudes, the following dia- 
gram will assist. 

Suppose for example, a ship bound to a port bearing true N.W., 
distance 80 miles or knots. Her average general velocity to be 8 
knots per hour, A W.N.W current to be setting at the rate of 3 miles 


sy 


SAILINGS. 


SAILINGS. 242 


. 


L) 


deviation on the compass to be 2 points 

ship’s local attraction upon the average course to be 
: while, moreover, the wind being north-easterly (true), 
Z re ne eanied, ieee show shout 1 poin’ 
leeway. Itis ene een ae eee Se, Ceetenbence ax 
wend e + 


the ship's position at starting, and a the intended 
current as a course and distance. We get 


thes distance by saying in this case 8 : 80 :: 3 : 30. oz 
Ts er mamghamenenth in ition and magnitude the current 
course and distance ; the ship's ‘bearing and distance 
from her intended the set of current, as forces [Composition], 
we get the Oz Ay,and the 4 Aoy (composed with the 
N.W. line 0 4) will be the course, which measured from north would 


AL Artractrion] from © to p, 
D to &, we find that the 
error amounts in this case to the 


Sea been as regards its ion to . 
inci) Leone pti pantie rage pea meridians of the 

. meeting at parallels tude diminish in magni- 
tude as recede the equator; but as each circle must 
contain pags peerage follows that the term degree of 
co oer hata or. Rea yamg ue, on the latitude at 
it is situated : when we estimate tude by turning (as 

is) departure into the assumption of its latitud 


herself at 8. By middle latitude sailing the mean between the paralle 
left and that reached would be “+s = 45°, but if we measure 


along the track sailed, it will be found that one-half the distance 
sailed would actually fall to the southward of 45°, or at c; hence the 
i of middle latitude sailing in finding the longitude. Of 
course the remedy for this would be to divide the track into portions, 
and find the difference of longitude for each. When near the equator 
where the meridians are not so convergent, middle latitude sailing ma: 
be used with very trifling error; but Mercator's sailing is at suc 
places less accurate, because, as the following figure will show, a small 
error in the course would make a large error in longitude. 


Re) oA eee 


A B 


C 


Tn this, cx would be the distance run, and the angle acs the course, 
dx the departure, and «8 the difference of longitude. 

Parallel sailing is used when the ship makes no difference of latitude, 
but sails upona Lert latitude. Itis only preferred for its simplicity, 
because in “ running along a ” the distance is the departure, 
sea tia trip aot Bs ead ik ead but it is at the expense of accu- 
Fe ee rere ne a wee OE 8 Els} of its chord, 
although at first sight the reverse appears to be the case. It is how- 
socks ofa Golera a the urcet'é gieut ico, he pices @f ach tosses 

a are of a great circle, the e of which passes 
through the earth’s centre. Now, if in the following jig. 1, we draw 
on a right sphere, ab, equal to the parallel of 40°, and assume the 
points thereon at ¢ and d, the nearest distance between them will 
appear to be cd. This may be shown to be incorrect if the parallel of 
40° be drawn in fig. 2 on gnomonic projection, where the chord ced 
connects the two points and is their nearest di ; hence the 
curve ced, in fig. 1, is the nearest distance between the points ¢ and d, 


SN fe 
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the centre, while the plane of ¢ ¢ 

would be parallel to it. errors might be avoided altogether 
the use of circle sailing, and especially as Mr, Saxby has 

great circle course more than even the 

fully 

term 


& 


explained under Great Crrote, or 


tangents of a great circle, and 
distance in a voyage may be 


circle track, as drawn w a Mereator’s chart, meets at c with the 
wind N.W. ; if her cay puts her upon the port tack, he absolutely 
sails away from his proper course, while by keeping her on the starboard 
tack, as at p, he in a direction nearly 1 to it. 5 
gaye in 
t is a mere 


Oblique sailing is merely a term applicable to those 

which te right angle appears in the projected triangle. a mers 

term of oblique trigonometry, such as occurs in setting off one’s posi- 
: R 
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tion by cross bearings of objects whose relative bearing and distance 
from éach other are well known. 

‘Composite sailing was so called, and ably illustrated by Mr. Towson, 
but the subsequent invention of the Spherograph has rendered it as a 


sailing quite unimportant. 

Having thus explained the usual resources of the navigator in his 
work of caloulation under ¢ystems of progression, the subject may be 
viewed from another point. The comparative steadiness of large 
steamers cai the coms, and Ube greater advantages they Pisa to be 
partial as to the n of the wind, might seem to be 
a relief to the ship-master; such is, however, counterpoised by “the 
extreme difficulties inherent in steam navigation, and especially in iron 
ships. It is trie the courses of steamers are more direct and free from 
* traverses,” but it is the question of local attraction, ever liable to 
vary, which needs all the vigilance of the commander, This important 
has been treated of under Locat Arrracrion, but we may 
Professor Airy has further illustrated his previous investiga- 

by a very valuable communication read before the Institution of 
Naval Architects on March Ist, 1860, 

SAILORS. [Sutrs; Sramen.] 

SAINFOIN, Onobrychis sativa, is a plant of the family of the Legu- 
minose, which grows luxuriantly and spontaneously on the calcareous 
soils of the middle and south of Europe. It has been in regular culti- 
vation for upwards of two centuries for the purpose of supplying 
fodder for cattle, either in the state or when converted into hay. 
There are few plants which have more rapidly uae the value of 

, thin, caleareous soils than sainfoin; and in the richer kinds of 
eer which contain a considerable frvpersie of calcareous matter, its: 
value isses even that of broad clover, giving fully as great a return, 
with a much smaller expenditure of manure. The plant has a strong 
woody and fibrous root, which insinuates itself into the fissures 0 
éaleareous rocks, and finds moisture in ‘the driest seasons, while its 
: ing fibres keep the earth from being washed down the steep 
pes of the hills. ing nearly perennial, or at least of many years’ 
duration, it binds the soil together. In favourable situations it may 
be made into hay twice in the year, or cut oftener as green fodder. In 
the most arid and exposed situations it gives at least one good crop of 
hay. The plant grows about two feet high, and the stem, which 
branches out into many compound leayes, is crowned with a beautiful 
spike of papilionaceous flowers. After it has been mown it shoots out 
rapidly again, and may be advantageously depastured by every kind of 


cattle or sheep. There are varieties of the plant which differ in the 
rapidity of their growth ; the best is called in France cette, or 
sainfoin & dewx coupes. From France it has been introduced into 


England. The duration of sainfoin depends on the nature of the soil, 
and the state it was in with respect to weeds when it was sown. 
cold wet subsoil soon destroys the roots, whereas a free and dry one, 
whether rocky or gravelly, gives them vigour, Grass and weeds, which 
choke the crown of the t, soon cause it to decay, as is the case with 
lucern. With every a med it may last in vigour ten years, espe- 
cially if it be occasionally invigorated with a top-dressing of manure. 
During that time it may be cut for hay every year, taking care to cut 
it before the flower is faded or the seed formed; and if sheep are 
folded on the aftermath, the next crop will well repay the trouble. 
is usually sown in spring in a crop of barley or oats, which should be 
sown thin in order that the sainfoin may not be smothered. The land 
should have been La terry he a cleansing crop, such as turnips fed off 
by sheep folded on them. three to four bushels of rough seed 
may be sown, harrowed in, and rolled. It is not often drilled, although 
this method, by allowing the use of the hoe between the rows, would 
much strengthen the young plants, and protect them against coarse 
grasses, which are their enemies. In the first year the sainfoin 
should not be fed off by sheep; and if it is mown, it should not be 
feces The crown of the root in the young 
ground, and if this be bit off or cut with 
the plant dies. It is useful to harrow the ground lightly, 
earth round the roots, and to destroy the seed-weeds soon 
or oats are The sainfoin does not uce a 


made without rain. Althou; 
must be up in a very dry state ; and if it has suffered from rain 
too m care cannot be taken thoroughly to dry it, for the water 
insinuates itself into the hollow stems, and is long in evaporating, so 
that when it feels quite dry it may yet contain much water. The 
mode of discovering this is to twist it strongly in the hands into a 
rope, when the moisture, if there is any, will ooze out. It is better to 
let it dry thoroughly, than, by carrying it in a hurry, to run the risk 
of its mouldy within. In very precarious seasons it may be 
-dried state, provided there be no moisture in it Ries 
dewa or showers, anid stacked in alternate layers with straw! It 
impart some ‘of its fragrance to the straw, and none of its 
nutritive qualities. The same may be done with lucern or clover. 
advantageous use of sainfoin, however, is to cut it green and 

to the cattle. There is little danger of their being 


png = 
Soved by $6, fof is terrenta very s'owly, owing to the fibrous nature of 


A | “ sainct,” 
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the stem. If the situation of the field admits of occasional 


without danger of the water , the produce of the sainfoin 
will be greatly increased ; and it has* known ‘to be cut four or 
even five times in a season without exhausting its When it 


better of the sainfoin, it is time to ‘break it up. The land will be 
found much improved in fertility by the sainfoin, A poor chalk 
gravel, which before would scarcely repay the seed sown in it, ‘will 
now, by the gradual decay of thé roots and fibres of the Sainfoin, pro- 
duce crops without manure, Tf clean’, it may be ploughed up for 
wheat ; if foul, as it is most likely to be, it ie ured 
and eo ane to be partly fed off and followed by barley. 


- 


i 


b 
rren tract of us rock and gravel has’ 
fertilised and raised in value by the sole effect of the sainfoin, without 
which it must have remained in its unproductive state. 

Although a chalky soil is best adapted to the growth of sainfoin, it 
may be sown with advantage in all light calcareous loams, provided the 
substratum be sound and dry, On very rich deep moulds lucern is a 
more profitable crop; but sainfoin will thrive where lucern will fail, 
and it is icularly adapted for poor dry soils. 

There is nothing peculiar in the manner in which sainfoin is made 
into hay. It should not be shaken about too much, but treated as 
clover is, for fear of injuring the flower and breaking off the leaves, 
The swathe should be ly turned over when dry on one side, and 
then, as soon as it is dry through, it should be put into small cocks, 
turned once or twice when the dew is off the ground, and carried to 
the stack as soon as it is sufficiently made. It should take a good heat 
in order to make it compact, but without acquiring too dark.a colour, 
Experience alone can teach the exact time when it should be stacked. 
When it is left for seed, it should be examined carefully after the 
bldssom fades. The lower pods will be filled with seed before the 
blossoms at the top of the spike of flowers are wi inde = 
formed in'them. If the sainfoin were left standing till these seeds 
wete ripe, the lowest would be shed; but by cutting it pred 
time these may be preserved, while most of the latter will ripen ie 
straw sufficiently to vegetate when sown. Rainy weather is ver 
injurious to the seed crop; a fine time should therefore be selected, 
possible, even at the risk of a smaller crop. The produce varies fr 
three to five, or even six, sacks per acre. It is easily threshed out, 
pf se operation 7 sepely re Be Pa ‘in the field, when the 
weather permits. is ily done a ing-machine, 
winnowed like corn. On the whole, there are few plants the 
vation of which is so advantageous as that of sainfoin on the li n 
soils on which it thrives best. 

SAINT, derived from the Latin “sanctus,” through the French 
properly signifies a holy or pious person, and is so used in the 
Christian church. From the commencement of the Christian ion, 
ters veneration was always shown to persons remarkable for their 

oliness or piety, and their memory was cherished after their death, 
In course of time it became the custom to implore departed saints to 
assist the living by their prayers and intercessions with the Déity; and 
as man has in all ages felt the want of a mediator between himself and 
the Deity, the practice of praying to saints increased rapidly, and 
superstition multiplied the number of such mediators to so great an 
extent, that it was at length found necessary to put some restraint 
upon the practice. It was accordingly decreed by the ecclesiastical 
councils in the 9th century, that no departed Christian should be con- 
sidered as a saint to whom prayers might be addressed, until the 
bishop in a dower council, and in the presence of the people, had 
pronounced him worthy of that honour. Even in that century y 
divines thought that it was proper that the decisions of bishops an 
councils should be confirmed by the consent and authority of the pope, 
who was regarded as the supreme and universal bishop. It wed 
however, till the following century that any mn was sainted by the 
bishop of Rome alone ; and this honour was conferred on Udalric, 
bishop of Augsburg, by John XV. aggre’ heise ot the privi 
of declaring departed Christians to be ts was confined to the 
pope; and the creation of saints was distinguished by the name of 
* canonisation.” , 

The invocation of saints in the Roman Catholic church is frequently 

natised as idolatry; and the Church of England condemns the 
Romish doctrine on the subject as “a fond thing vainly invented, and 
grounded upon no warranty of Scripture, but rather repugnant to the 
word of God.” (Article xxii.) In this, asin any other ease of religious 
controversy, it is right to e the account of the doctrine from the 
pao who believe in it, and not from a statement of their opponents. 
us Bellarmine says, “ It is not lawful to ask of the saints to grant to 
us, as if they were the authors of divine benefits, glory, or grace, or the 
other means of blessedness, This is proved, first, from Scripture : ‘The 
Lord will give grace and glory.’ (Psalm Ixxxiv.) Secondly, from the 
usage of the church ; for in the mass prayers and the saints’ offices we 
never ask anything else but that at their prayers benefits may be 
grated to us by God. Thirdly, from reason ; for what we need sur- 
pene the power of the creature, and therefore even of saints; there- 
‘ore we ought to ask nothing from saints beyond their impetrati 
from God what is profitable to us. Fourthly, from Augustine ot 
Theodoret, who expressly teach that saints are not to be invoked as 


her 1 


gods, but as able to gain from God what they wish, However, it must 
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for us, the question is not about the words, but the sense 


atthe wo For, as far as words go, it is lawful to say, ‘ St. Peter, 
y me, save me, open for me the. gate of heaven;’ also, ‘give me 

of body, patience, fortitude, &c.,’ provided that we mean ‘ save 
d pity me by ing for me;’ ‘grant me this or that by thy 
prayers and merits.’ For so speaks Gregory Nazianzen, and many 
rs of the ancients.” (‘De Sanct. Beat.,’i.17.) The doctrine of 
the Roman Catholic church is explicitly stated in the council of Trent : 
the church has been accustomed sometimes to celebrate a 
to the honour and remembrance of saints, yet she doth 
alone, who 


be erie or: we say that nothing should be asked of saints but 


not teach that sacrifice is offered to them, but to G 


1 vols. fol. [Bottaxpvs, Joun, in Broo. Dry.] ; and in Alban Butler's 
* Lives of the Saints,’ 12 vols. 8vo. 
SAINT ANTHONY’S FIRE. [Erysrreras.] 
SAINT ELMO'S FIRE, [Licurntxc.] 


or on his behalf, to ip may some- 
be made, although the property does not belong to the seller ; 
ete ee en Caen ee Sao 
without eto the Dechert Ot Saaberiey PO al i 
and agents duly authorised. Under the present 
is proposed to treat only of the law be Pos ged 
it being assumed that the parties to sale are legally 
to effect Persons in certain conditions are by law in some 
disabled from bu and selling, but 
restrictions and disabilities form no of the law of sale; they 
branches of the law, such as infancy, bank- 
coverture, lunacy, alienage, &c., which create and 


may be few subj eS eo 4 Shere sve xn 
—ésuch are a mere title to which a party is not 
pore actually vacant, the pay of a naval 


Property is distributed under the two heads of real and personal pro- 

rty, which differ materially in many respects ; and the modes of 
sale of each of these kinds of property likewise ma‘ differ. 

Some incidents, however, are common to a sale both of real an 


80 as to be capable of being enforced unless— 
The parties to it act with good faith ; 
Unless there is consent in each of them ; and, 
sale is valid the subject of which is illegal, or, which in- 
illegal transaction, or has for its object an illegal act. 
the first principle, it is a maxim of the common 
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such as a designed concealment of defects and incum- 
brances. In these cases the contract of sale cannot be enforced, not- 


withstanding express stipulations that the property shall be taken with 
, or that misstatements shall not invalidate the sale, but 


shall be provided for by compensation, 
i nd upon the 


What is a mai Bees yi will of course 
subject-matter of the and the circumstances of the case, A mis- 
description of the situation of an estate, a statement that a public- 

y was bound by covenant to purchase beer of a particular 
brewer was a free public-house, that a long leasehold estate was free- 
hold, have been to be material. Under this head may be adduced 
as an instance the of more than one to make 

“ on behalf of the seller. Such ns are 
commonly called puffers, Orie such may lawfully be employed 
to protect the intereta of the seller by merely ying 2 the pecery 
at 


of more t! one has the 


possession of it with a design not to it; or where, when 
the sale, he knows himself ate fedivdet or makes pay- 
ment by mes or bills which he knows will not be honoured, &c. 


of the parties to the sale. But the same effect may be produced where 
the fraud is intended to operate on other persons not parties to the 
salé ; a8 where a sale is attempted to be made by a seller for the pur- 
pose of defrauding his creditors. If in such case the buyer participate 


in the fraudulent intention, the sale will be invalid. In an action at 
law, the question whether fraud has existed is to be determined by the 
jury. 7 

2. There must be consent in each of the parties to the sale, - This 
rule involyes the proposition that each must be a free and intelligent 
agent : no sale therefore can be valid where either of the parties was 
under coercion by violence or imprisonment, or bodily fear, or was 
lunatic, or idiot, or utterly intoxicated. Again, in order that a buyer 
may be a legally consenting party to a sale, he must be truly informed 
in all material particulars as to the property which is the subject of 
sale. This must be understood of such particulars as he cannot by 
reasonable care and observation inform himself upon, for a man has no 
legal protection against the consequences of his own carelessness and 
negligence. If, however, he has been deceived in any other particulars, 
even unintentionally, by the buyer, he cannot be said to consent to 
the bargain. The consent which he gives is to the purchase of such 
pro as has been described to him, and the consent therefore 
cannot relate to the property which is the subject of the sale, if it 
differs in material points from what has been described. Thus in the 
common case of a horse warranted sound, the consent is to buy a sound 
horse, and the buyer cannot be considered to have consented to buy an 
unsound horse. If therefore the horse is manifestly unsound, a party 
cannot be compelled to carry into effect his contract to pu it. 
The case is the same with an estate said to be tithe free, which in 
reality is not so,,or with ey Rie property the description of which, 
as stated, varies materially from the truth. Where indeed the variance 
from the description is obvious, and the buyer has had an opportunity 
of inspecting the property and afterwards chooses to complete the 
purchase, the contract will not be invalid. The reason of this rule is 
manifest, for the legal presumption is that ordinary diligence has been 
used, where it t and ought to have been used, and there is there- 
fore no ground for supposing an absence of the buyer's consent. 

In cases where there is no fraud, and a possibility of variance from 
the net is contemplated in the conditions of sale, the sale may 
still be valid notwithstanding the existence of such variance, for in 
this case both parties knowingly take the chance of the variance being 
either favourable or adverse to them. As when for instance it is 
stated that an estate consists of so many acres, &c., be the same more 
or less, &c. If the conditions of sale contain a provision that com- 

tion shall be made for such variances when they are ascertained, 

en, the party in whose favour they turn out to be, will be bound to 

make such com ation. If, however, from the circumstances of the 

case it should appear that such compensation cannot be made, the sale 

cannot be enforced against the purchaser, forasmuch as the terms to 

which the es consented are impossible, and there is therefore 
nothing to which the consent is applicable. 

A court of equity will in some cases compel a buyer to complete his 

in, on the condition of the seller taki him compensation in 
of those matters in which there is a variance, even although 
there is no provision to that effect in the conditions of sale. The 
principle on which this is done is, that parties ig to carry into 
effect what was substantially their intention. is power of the 
court therefore is not exercised where the variance is material, or where 
the attainment of the particular matter’in which a variance exists 
really was the main object of the ge ag ™ common wees 
exaggerated praise in which ms speak of the property that the 
have to sell, 4 not such misdescription as will make a sale void. In 
cases where property is agreed to be sold by one contract, in one lot, a 
buyer cannot be compelled to take some part of it without thé rest. 
No sale is valid if the subject matter of it is illegal or prohibited, 
or if an essential part of it is an illegal transaction or ye 4 an ill 
act. A sale of treasonable, blasphemous, or obscene publications is 
yoid, for the acts of treason, blasphemy, and obscemity are legally 
unishable. A sale of property known by the seller to be intended to 
used for illegal purposes is void, such as drugs to be used for the 
adulteration of provisions, or a house to be occupied for the purposes 
of prostitution. Sales for the purpose of avoiding the forfeiture to 
the crown incident upon jtidgment after a conviction for felony, are 
void. Sales toan alien enemy are unlawful, although a power exists 
in the crown to t licences legalising such sales. Offices of public 
trust, such as those which are connected with the administration of 
justice or government, either in the United Kingdom or in the 
dependencies upon it, cannot lawfully be made the subject of sale, 
The enactments affecting the sale of various articles are too numerous 
to be referred to here. It may, however, be laid down generally that 
where a thing is prohibited and made unlawful by statute, a contract 
for the sale of such thing is void, even although the statute does not 
enact that it shall be so, but only attaches a penalty to an infringement 
of its provisions. Sales of contraband articles are also void; and 
even in the case of a foreigner selling goods abroad, to be delivered 
in this country, the sale will be invalid, if he be cognisant of and 
aiding in an attempt to introduce them into this co in ¢ontra- 
vention of the revenue laws. A sale of property in the ordinary course 
of a party’s trade is void if made on a Sunday, although the sale of 
the same article by another ee whose ordinary dealings are not 
in such matters would be vali : . 

In case of a sale of lands, it is assumed that the seller has a good 

title to them, and that he will deliver over the title-deeds to the 
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buyer. In failure of either of these particulars the sale cannot be 
pos adel The right to receive a good title is one which is conferred 
upon the buyer by the law, independently of any agreement between 
the parties. ‘ 

By the statute 29 Charles IT.,c. 3,8. 4, certain forms were required 
in order to give effect to a sale of “ lands, tenements, or hereditaments, 
or any interest in or concerning them.” Such forms are no part of the 
male, which ists in the t of parties who are competent to 
consent, but the statute merely declares that such consent shall, in 
certain cases, have no legal effect, unless the prescribed forms are 
observed. If an t for sale has been made without the 
requisite formalities, and has been carried into effect in some material 
part, a court of equity will enforce the performance of the whole 
contract, on the ground that the informal contract, having been y 
completed, is not a case within the statute. In all other cases of con- 
tracts as to interests in land, “the agreement, or some memorandum 
or note thereof, shall be in writing, and g: oe by the party to be 
charged therewith, or by some other person thereunto by him lawfully 
authorised.” The agreement binds the party who signs it, although it 
is not signed by the other party. No established form is requisite, 
and it is not necessary that the agreement should be contained in one 
instrument: it may be collected from a series of letters, or a written 
offer followed by a written ptance, or from d ts referred to 
by a letter. The signature may be attached to any part of it. An 
agent may be appointed verbally, and the same person may act as agent 
for both parties to the sale. An auctioneer is such agent, and his 
writing down the name of the highest bidder in his book is a sufficient 


The law which relates to the construction of agreements for sale 
falls under the ordi rules as to the construction of ents 
generally. The same observation applies as to the remedies which 
parties possess for the enforcement of them. When the contract for 
the sale of an estate is completed, the estate is, in equity, considered 
to be sold, and the buyer is viewed as the owner of the estate, and the 
seller as only a trustee for the buyer, while the buyer is considered as 
a trustee of the money for the seller. If, therefore, a party 
has contracted for the sale of an estate of inheritance, and die before 
payment of the purchase-money, the money will be considered as part 
of ‘his personal estate, and his executors will be entitled to it. On the 
other hand, if the party who has contracted to buy the estate die 
before it is conveyed to him, his heir or devisee will be entitled to the 
estate, and the executors must oy. Se purchase-money out of the 
personal estate of the buyer, if they have sufficient assets. It is a con- 

uence of this equitable doctrine, that the buyer must, as a-general 
we bear any loss which happens to the estate the completion of 
the contract of sale. A person who has obtained such an equitable 
ownership may deal with the property in all respects as if it were his 
own; and bw § dealings, though not valid at law, are viewed as valid 
transactions in a court of equity. 

With to sales of personal property, the common law required 
no formalities. The terms of sale might be agreed on either verbally or 
in writing 5 and they might be proved by any evidence legally appli- 
cable to the proof of other matters. Sales of goods made at one time, 
and not exceeding in price 10/., still remain on this footing. 
By the same statute (29 Chas. II., c. 3) which prescribed certain 
formalities in sales of land, it was enacted (s. 17) that “ no contract for 
the sale of any goods, wares, and merchandise for the price of 101. 
sterling and upwards shall be allowed to be good except the buyer shall 
accept part of the goods so sold and actually receive the same or give 
something in earnest to bind the bargain, or in part payment, or that 
some note or memorandum in writing of the said bargain be made 
and signed by the parties to be charged by such contract or their 

its thereunto lawfully authorised.” By the 9 Geo. IV., c. 14, s. 7, 
sprprrgad of - a are ae to all contracts for the sale of 
goods of the value of 10/. sterling and upwards, notwithstanding the 
goods may be intended to be delivered at some future time, or may 
not at the time of the contract be actually made or fit for delivery. 
uisites are thus four in number :— 
receipt of part of the goods, 

2. Payment of earnest. 

3. Payment of part of the price. 

4. A signature of a memorandum of the bargain by the party or his 
agent, By the performance of any one of these requisites the parties 
to the sale are bound. 

lf the goods themselves are delivered to the buyer himself and 
—— by him, of course no question can arise as to the completion 
of the bargain. Where, however, the delivery is not to him personally, 


em Baby would be sufficient, if not afterwards interfered with 
, to accomplish the requisite of the statute, is complete as 
soon as the goods have been delivered toa carrier for the purpose of 
being conveyed to the buyer, even although the carrier has not been 
selected by the buyer. But during the course of actual transit to the 
place indicated by the buyer to the seller as the place of destination, 
the goods are subject under certain circumstances to a right of the 
seller to detain them, This is called the right of stoppage in transitu, and 
the time and place when it co- stare often a question of great nicety. 


SALICOR. 
(Srorrace ty Transirv.] Where no delivery of part of the 
themselves has been made by actual removal, a constructive 


may effect the same purpose : a delivery of the key of the warehouse 
where the goods lie; the receipt of rent for their warehouse-room b 
the seller ; the endorsement and delivery of a bill of lading or a 
warrant; an order to a wharfinger to deliver, &c., amount to a 
delivery. In all such cases, however, it must be understood that the 
delivery is not complete if anything yet remains to be done to the goods 
on the part of the seller, such as their separation by weighing or 
measurement from a larger bulk. Again, the exercise of o 

over the goods by the buyer, with permission of the seller, is an act 
legally equivalent to delivery; such as marking the goods, tasting 
wine, and cutting off the pegs from the cask, &c. But in these cases it 
must distinctly appear that the act which is done is an act of ownership ; 
if done with any other view, as for the purpose merely of identifying 
the property, it will of course afford no ground from which a deli 
may be inferred. Where a sample is taken out of the whole bulk sold, 
a delivery of the sample operates as a part delivery. 

2. The earnest-money paid must be retained. In a case where a 
shilling had been paid to bind a bargain, and was returned, it 
was held that this was not a compliance with the requisite of the 
statute. 

3. The part payment need not necessarily be made in cash; a pay- 
ment by acceptance of a bill, or by a promissory note, will, while the 
instruments remain undishonoured, have the same effect as by actual 


money. 

4. The general observations which have been made as to a note or 
memorandum in writing relative to sales of land, will apply equally to 
one relative to sales of goods. 

(Sugden, ‘ On the Law of Vendors and Purchasers ; Ross's ‘ Treatise 
on the Law of Vendors and Purchasers of Personal Property.’) 

SALEP, Salap, or Saloop, a nutritious article of diet, much valued 
in the East for its supposed general stimulant properties, but which is 
justly esteemed as bland and nutritious, and well suited to children 
and convalescents. Salep consists of the tubers of different ies of 
Orchidew, which have been known in medicine from very times 
by the name Orchis. All the European saleps are far inferior to and 
considered only as indifferent substitutes for that brought by commerce 
from Africa. Salep is highly valued in India, and forms an article of 
commerce from Cabul and Cashmere to the north-western provinces 
of India, where it is sold, at the Hurdwar fair held in April, at.a high 
price. This is very similar in form and appearance to 
though the tubers are twice as large as the best procurable in London. 

All the plants that yield salep have two tubers, charged with nutri- 
tious matter ; while one is nourishing the flower-stem and seeds of the 
current year, by which it.is robbed of its store, the other serves as a 
reservoir for the flower-stem of the succeeding year. ‘This last alone is 
fit for use. Both are dug up together, but the solid one only is 
retained. It is dipped in warm water, after which the fine brown skin 
is easily removed by means of a coarse cloth or brush. The tubers, 
being thus peeled, are arranged on a tin plate, and placed within an 
oven heated as for baking bread; here they remain for seven or ten 
minutes,in which time they exchange their opaque and milky whiteness 
for a semi-transparent horn-like appearance and a yellowish colour, 
retaining their original bulk. Being then withdrawn from the oven, 
they are erpcerd during some ai to dry and harden in the air; or, 
by the employment of a very gentle heat, they may be brought to the 
same state in the course of a few hours. All that is then required to 
adapt the salep for food is to boil it in water (or milk) to the required 
consistency. In Armenia, the tubers, while yet soft, are 
together on threads, and suspended in the sun to dry without arti 
heat. The chemical composition of salep varies according to the 
of growth when the tubers are taken up. Though salep is Reh 0 
a variety of starch, there is very little pure starch present, the chief 
constituent being that form of gum termed bassorine. With cold 
water salep yery slowly swells and forms a mu ; but one part of 
salep-powder with forty-eight parts of water boiled or heated forms a 
thick mucilage, which has very peculiar qualities, inasmuch as with 
either calcined magnesia, bisulphate of quinnia, or biborate of soda, it 
thickens into a solid glue-like substance. The chief use of salep is as a 
pects a. article of food; and as the orchis abouneis Eee 
meadows, a supply of nourishment might be obtained by digging — 
up the tubers and drying them, as above stated, and as was recom- 
mended in the last century 


Dr. Percival (‘On the Preparation, 
Culture, and Use of the Orchinsoot’ 1773). f : 


Salep is composed chiefly of bassorine,some soluble gum, and a little 
starch ; by some it is considered as containing the portion of 
nutritious matter in the smallest space. Its presence in small quan- 
tity in milk retards the tendency of that fluid to; become sour. It is 
a harmless and useful ingredient in the preparation of bread, and is 
free from the objections to potato-starch, which is too often used by 
bakers in the of wheaten flour. 

. ber sei ‘ANA SCHOLA, will be found under this head in the 
10a, Drv. 

SALHYDRAMIDE. [Saticyric Grove.) 

SALICIN, [Saicytic Grovr.] 

SALICOR, ash of the plant Salicornia annua. It is uced 
on the French coast of the Mediteraseat and is used in the manu: 


? 
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facture of carbonate of soda, of which it contains about 15 per 


é SALICYL. Grovr.] 
©. ao E. [Satrcyire Grove.] 
Pre¢: C ACID, [Satrcyiic Grove. 


_ SALICYLIC GROUP. A cluster of substances, compounds 
or derivatives of the electro-negative radical salicyl (C,,H,O,). The 
members of this group—itself a subdivision of the benzoic series in 
Gerhardt’s arrangement—are numerous ; including the odoriferous oil 

of meadow-sweet and of winter-green, and the bitter principle of 


willow-bark. 
_ Salicyl (C,,H,O,) itself has not yet been isolated. As it contains 
the elements of phenyl (C,,H,) and carbonic acid (C,O,), and as, more- 
are not ently converted into bodies 
identical with Sertvatives of phenyl, the salicylic group has sometimes 


ee oe ee 


Hydride of salicyl (C,4H,0., H); salicylous acid ; spirous acid, or 


on, of salicyl results, giving odour to the 
flowers.” The setifis Ueidation: of in is conveniently effected by 
ce get remy i ated meats gpemcberedieg i of 
potash, and of water, in a retort, are added three of oil of 
vitriol, previously diluted with t parts of water. After a short 
time a gentle heat be , when the oil passes over; twenty- 
five parts of salicin of the essence. The salicin for this 


contact of air soon acquires a hue. It has an aromatic 
odour, acrid taste, —- point 360° Fahr., hety apart 1173, 
vapour density 4-276, burns with a bright smoky flame. It is 
somew! 


contain C,,H,0, +2 Aq. and K,C,,H,0, +H, C,,H,0,. 
CNorcenteylous Med (00), Sromcualiogios aes (cy, 
a, . + 
arte grorh apr 
iodine, and upon hydride of salicyl. ‘They are crystalline 
Balhydramide, salicylimide, or hydride of aznealicyt (C N,0,) is 
the product of the action of ammonia upon, hyde of & ee 
2C,,H,O, + 2NH, = C,,H,,N,O, + 6HO 
———s et 


——~ 
Hydride of | Ammonia,  Salbydramide, Water, 
salicyl. 


C2cHie0., + 4HO0 = C,,H,O, + Ci, 5H, 4,01, 
Salicin. Saligenin, Glucose. 


Hence salicin is one of the glucosides. Saligenin stallises in 
colourless crystals, very soluble in boiling Syater,, eae or 
ether. It is partially volatile; most oxidising agents convert it into 
hydride of salicyl, while chlorine gives rise to trichlorophenic acid. 

Saliretin (C,,H,O,) is a product of the action of heat upon saligenin 
in closed vessels; it is also produced by prolonged ebullition of 
saligenin with dilute acids. It is a white or yellow-coloured resinoid 
body, insoluble in water or in ammonia, but soluble in alcohol, ether, 
or concentrated acetic acid. * 

Helicin (2 (C,,H,,0,,) + 8aq.) is obtained on digesting salicin in 
ten times its weight of nitric acid of specific gravity 1160 for about a 
day : hydrogen is thus removed from the salicin, water being formed, 
and helicin deposited in acicular crystals. It is inodorous, of slightly 
bitter taste, very soluble in boiling water or alcohol, but almost 
insoluble in ether. Chlorine and bromine act upon, and give rise to 
derivatives of, helicin. 

Helicoidin (C,,H,,0., + 3aq.) seems to be a combination of helicin 
and salicin (C,.H,,0,, = CygH,0,, + C.oH,,0,,). It is produced 
when the oxidation of salicin by nitric acid is incomplete, or when the 
specific gravity of the acid is less than that above indicated. 

Populin (C.,H,,(C,,H,0,)O,, + 4aq.), or salicin in which an equiva- 
(Po of hydrogen is replaced by benzoyl, has already been described. 

‘OPULIN, 

Coumarin, a fragrant principle of several plants, seems to be allied 
to the members of the salicylic group, inasmuch as it yields salicylate 


of potash when fused with the bydrate of that base. It is further 
described in a separate article. [Coumarry.] 
Salicylic acid (HO,C,,H,O,). In combination with methyl this 
acid exists naturally in oil of wintergreen. [Essentrat O1s.] On 
| boiling the oil for a few minutes with solution uf potash, neutralising 
| by hydrochloric acid, and allowing the mixture to cool gradually, 
salicylic acid crystallises out in acicular tufts. Salicylic acid may also 
be formed by projecting salicin, in small portions at a time, into 
hydrate of potash fused ina silver basin, the temperature not being 
lowed to rise higher than 750° Fahr. On dissolving the mass in 
water and ydrochloric acid, the salicylic acid is precipitated, 
and may be ified by recrystallisation from boiling water. 

Salicylic acid fuses at 316° Fahbr., and at a higher temperature 
sublimes unchanged. It is soluble in alcohol, ether, or oil of turpen- 
tine. A mixture of peroxide of manganese and sulphuric acid oxidises 
it to formic acid. By ebullition with nitric acid it is converted first into 
nitrosalicylic acid and, finally, into picric acid. Distilled with excess 
of lime it is split up into carbonic and phenie acids. Its solutions 
give an inky-blue precipitate with persalts of iron, the colour disap- 
pearing on the addition of hydrochloric acid. 

Salicylic acid decomposes carbonates with effervescence, and forms 
salicylates that are, for the most part, monobasic and crystalline. The 
potash salt contains (KO,C,,H,O,, aq.) ; the double salicylate of copper 
and potash has the formula KO,C,,{ (;4 }0, + daq. : it orystallises in 
beautiful emerald green plates. 

Salicylic ethers.—Although the oil of wintergreen to be a 
definite salicylate of methyl (C,H,0, C,,H,0,), it nevertheless plays the 
ch ae Aree peter ig source has been termed Gaultheric acid : 

still admits of the ment of an be tag aang of hydrogen by a 
metal or a radical, yaw being formed ; thus :— 


Gaultherate of potash . . . KO, C,,H,(C,H,)O, 
Gaultherate of methyl . , . C,H,0, C, ,H,(C,H,)0, 


But this gaultheric acid or h of methyl-salicyl admits of the 
substitution of an acid radical for hydrogen, and thus are formed :-— 


Benzoate of methyl-salicyl . =. , bh 


©,,H,0, 
compounds of salicyl, result from the action of sul urous acid upon C, ,H,(C,H,)o 
their alkaline salts, or of the alkaline bisulphites oes the compounds etna et methyl aalingt 5g. SMS soe} 

Salicin (C 0,,) is a neutral bitter principle contained in the bark Similarly the ethyl-gaultheric acid, or rather hydrate of ethyl-salicyl, 
waged ns of willow and SARE TaaGr, colar ooo en and the amy]. ultheric acid, or hydrate of amy!-salioyl, on bere wag 
It readily a pa Se een tecccticn of the bark, upon by the of benzoyl yields :— 
oxide of lead. : Benzoate of ethyl-salicyl . .  . Maa ie 

When salicin occurs in white soluble in water or 
in , but ifisoluble in ether Pp ene It melts at Benzoate of amyl-salicyl . 5. seen ee apr 
248° Fahr., loses water at 392° Fabr., and at a higher tem ure 141505 
decomposes. Concentrated communicates a ; . Pipe. - 

1 o : with chalk, yields Chlorine and bromine derivatives of lic acid result from the 
cree allan apie ee containing, according Mulder | action of chlorine and bromine on salicylic Their formule are :— 
acid. Water decomposes the red, body tened li uric acid 
Se age oe he onto o'r Daneel RBRP HR alte 
fo be salivetin, Berets! chlocine derivatives of ealleia exter Rromiceelicy he SOBs 80s. « 2 Org lig Bt 

Seliger (C,4H,0.) and grape sugar result from the setion of boiling Bibromosalicylioacid =. 4 3... 14H, Brgy 


Tribromosalicylic acid . . . ° + C,,H;Br,0, 


21 


————— 
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SALICYLIMIDE. 


and anilic acid, has already been bed [Anruro Actp). Binitro- 
salicylic acid, or nitropopulic acid, contains C,, ,(N0,),0,. : 
Anhydrous salicylic acid, or salicylic anhydride (C,,H,O,, C,,H,0,), is 
formed by the action of oxychloride of phosphorus on dry salicylate 
of soda. Itisa or dleaginous-looking body, soluble in alcohol. 
It is converted into salicylic acid by boiling with solution of 


tasks. 
P* salicylide (C,,H,0,) is a white, amorphous, pulverulent substance, 
formed in the n of salicylic anhydride. It is insoluble in 
ether, and almost insoluble in aloohol. ‘ ee 

Salicylurie acid (HO,C,,H,NO,) ia found in the urine, after salicylic 
acid has been taken into the stomach. Boiled with hydrochloric acid 
it up into salicylic acid and GLYCOCOLL. R 

Guioriae of salicyl (C,,H,O,,Cl) is a fuming liquid, obtained on 
— upon oil of meadowsweet by perchloride of phosphorus. 

Sa Fcshamide (C,,H,NO,) results from the action of a strong solu- 
tion of ammonia on the oil of wintergreen. It is a volatile solid, of 

low colour, soluble in boiling water, alcohol, or ether. B the 

hetion of the chlorides of benzoyl or cumyl upon salicylamide the 
following compounds are generated :— 


§ ©, ,H;0, 
Benzoyl-salicylamide . N | Cras 
{ Cc, sH,0, 
Cumyl-salicylamide . «© + «+ +N | Caottr 192 


C, ,(H,NO,)90, : 
Nitrosalicylamide N H is the product of the action of 
ammonia on nitrosalicylate of methyl. 

SALICYLIMIDE, [Sattcytic Grovr.] 

SALICYLOUS ACID. [Sauicyiic Grove.) 

SALICYLURIC ACID, [Saticyiic Group, 

SALIENT, a term applied to an angle which presents its point to 
the outside of the figure, as opposed to the re-entering or re-entrant, 
which is applied to an angle presenting its point to the inside of the 
figure. ese terms are frequently used in fortification, and seldom 


in geometry. $ 

SALIFIABLE BASE, a term applied to any substance capable of 
uniting with an acid.to form a salt, [Savts.] 

SALIGENIN. [Saxicyric Grove.) 

SAL'IL were twelve priests of Mars Gradivus, who formed an 
ecclesiastical collegium or corporation at Rome. They were chosen from 
the icians, and established by Numa to take care of the twelve 
ancilia, or sacred shields of Mars. The original ancile was said to have 
been found in the palace of Numa, and was supposed to have fallen 
from heaven, To secure its preservation, Numa commanded the 
armourer Mamurius Veturius to make eleven other shields exactly like 
it; and the twelve were deposited in the temple of Mars on the 
Palatine hill, and committed to the care of the Salii. (Liv., i. 20; 
Dionys., ii. 70,71; Cic., ‘Rep. ii. 14; Ovid. ‘Fast., iii. 387; Festus, 
s. v. ‘Mam. Vet.’) ; 

On the calends of March, and on several successive days, the feast 
of Mars was celebrated by the Salii, on which occasion they carried 
the shields through the at dressed in their official garments, which 
consisted of an embroid tunic with a brazen belt, the trabea, and 
the apex, or conical cap, with a sword by their side, and a spear or 
staff in their right hand. They at the same time performed a dance, 
and hymns or songs called Axamenta in honour of Mamurius 
Veturius, and all the celestial deities, with the exception of Venus, 
(Macrob., ‘ Sat.,’ i. 12; Virg., ‘ Ain.’ viii. 286; Varro, ‘De Ling, Lat., 
vii. 26, ed. Miiller.) These songs were in later times scarcely under- 
stood even by the priests themselves. (Quint., i. 6. p. 54, Bipont. ; 
Hor., ‘ Ep., ii. 1, 86.) At this festival the Salii were accustomed to 

e of an entertainment in the temple of Mars, which was pro- 
verbial for its magnificence and excellence. (Suet., ‘ Claud.,’ 33; Cic. 
‘ad Att.,’ v. 9; Hor., ‘ Carm.,’ i. 37.) 

Another nt of Salii, also consisting of twelve members 
chosen from patricians, was established Tullus Hostilius in 
pea ye ates tec tnade in a war with the Sabines. These 

ii were Collini or Agonenses, to distinguish them from 
the Salii established by Numa, who were surnamed Palatini, (Dionys. 
ii, 70, iii. 32; Varro,‘ De Ling, Lat., vi. 14.) 

SALIRETIN. [Saxicyiic Grove.) 

SALITHOL. [Prewxyutc Grovr, ‘ 

SALIVATION, or PTYALISM, is a superabundant secretion of 
saliva, This sometimes occurs as an idiopathic disease, originating 
without any evident cause, Dr, Christison (‘ Treatise on Poisons ') has 
collected several such cases, in some of which the quantity of saliva 
discharged amounted to three or more pints daily, Irritation of the 
salivary glands, or accompanied with profuse secretion, is also an occa- 
sional attendant on common inflammations of the throat and mouth, 
_ and on those that accompany eruptive diseases, especially small-pox. 
But far moré frequently salivation is the effect of medicines or poisons. 
Some preparations of gold, copper, antimony, and iodine, croton oil, 


Nitrosalicylic acid (Cy Hy(N0,)0g 4+ 2aq.), called also indigotic acid 


to produce it.; and it is almost a 


and even opium, are : 
ued or copious administration « 


constant effect of the long-con! 
mercury. 


eral rule, therefore, respecting the quan’ net mercury that may 
safely given to any one can no case can ther 
safety without caution and careful watching of the effects u 
by it. S bog 
Salivation from the use of mercury is giatingune from that 
arises from other causes by its being p ed by a peculiar br 
taste in the mouth, foetor of the breath, and tenderness, redness, a 
sponginess of the gums. These are soon followed by the increas 
flow of saliva, and if mercury be still taken, or if the quantity : 
taken was very large, they increase; the whole mouth, tongue, fac 
and throat become swollen and tender, and ulcers and sloughs qu 
form on the mucous membrane. In extreme cases, the. mouth and 
cheeks and throat become extensively gangrenous, the testh fall ont, 
the gums swell up as they do in scurvy, the jaws are affected with 
necrosis, and by spreading ofthe disease (o important parts ma 
e 


prove fatal; or the patient may die exhausted b profuse disc 
of saliva, or by. the peculiar neryous and other. constitutional : 


turbances that often accompany the poisonous influence of 
rhe tas f mercurial sali ool £8 
: e best treatment of mercuri ivation is exposure to ) 
air, a nutritious diet, and mild purgatives. of poke. 
soda or lime are useful in correcting the f 
honey, or the Mel Boracis, may be applied to 


only cool air and gently reducing measures. 
"SAEIX, Median 


‘Rewwelliane Mode ‘vil Rpts ap the greatest 
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degree but iar principle ‘armed acloie, sonens 
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bark), 
A botnet toa 2 

and from trees gro pape] 

rather than swampy places. _ It shouldbe sartuly died in he shade. 
mbling bit monds ; 


the dried bark is devoid of odour, The taste is at first mucilagi 


afterwards bitter and astringent. The degree pnerny gency may 
easily tested by adding to a decoction of the bark a solution of ge ie 


Tincture of nut-galls does not affect it. According to the analysis 

Pelletier and Caventou, the bark of S. alba contains a green fatty 
matter similar to that of cinchona, a yellow slightly bitter colouring 
matter, tannin, resinous extract, gum, wax, woody , and an organic 
acid, which with magnesia forms a salt easily soluble in water and 
alcohol. Since these analyses, salicin has been found. [SatrcyLié 
astringent, tonie, and febri 


Onvillew bark vite 
ow possesses q : 
which render it a valuable substitute for cinchona, and as it often suits 
the stomach better, it is well calculated for the f cintation GF one 


among the poor, In debility of the stomach and relaxation of the 
onion bunbegses # is fen, very serviceable, i ei beta cases, 


° 
jean, fe dees poles geoge Moped ek eS 
i : others mas ; 

og the tion of. bitiesd cinniatioa bark, Like all wheel 


ronlordt Et entinags tetpacting but wohl weakse 
es, but ey are m 

those of quinia; it must lara be ital in considerably ae 
doses, It may be given in substance or solution, pera oot 


junction with many other salts, without undergoing ' 
entering into combination. “In its through the e 
undergoes oxidation, and is converted Tito KepRae of salicyle, which 
is found in the urine. Its presence is detected by a t of iron, 
which strikes an intense violet colour with urine pect ME 
(Pereira.) Of this property advantage might be taken in the treatment 
of some renal complains, : ene . 

The barks of many species of willow contain a valuable dyeing prin- 
ciple. It is capable of dyeing drab with the help of  mordant only. 
For this purpose bitartrate of potass (cream of tartar) is best. If the 
bark be macerated in one vat, and the water then containing the 
colouring ie be drawn off into another vat, the mordant can 
then be added, and the stuff immersed in it, For the production 
drab colour four materials are generally used, the shade 


SALSEPARIN. 
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being often uncertain and varying in the same piece of cloth, in many 
poe ane er as it is technically termed. 
SALSEPARIN. [Smmactry.] 
_ SALT. [Sopa; Soprum: Manure] 
SALT CAKE. [Soprum; Sulphate of.] 
- SALT OF SATURN, an old name for acetate of lead. 
SALT OF SORREL. [Oxaurc Actp. Binoxalate of Potash.) 

SALT OF TARTAR. [Porasstum: Carbonate of Potash.) 

SALT OF TIN: [Txx. Protochloride of Tin.] 

SALT AND SALT TRADE. The chemical nature of common 
_ salt, as a chloride of sodium, is treated under Soprum. The vast stores 

of rock-salt and salt-brine in Cheshire and Worcestershire, whence 

q ‘obtains her supply, are described in the Groa. Drv., under 

headings as Cursnire, Drorrwicu, Nanrwiou, Norruwicu, &c. 
A few additional details in this place are all that will be needed. 

A rocky bed is the source of nearly all our inland salt; but as sub- 
terranean streams flow over this bed and become saturated with salt, 
‘the original form is changed. It is simply a question of manufactur- 

coarse sort edge kaaateree tee ibe tated oan 
ing, boiling, 4 evaporating ing, &c.; or to’ raise iqui ine 
operate upon that. The salt-works adopt the latter course in most 
p f England; but at Northwich they also operate upon a rocky 
‘salt, which is transparent and colourless, and is loosened by 
other kinds of rock salt, much rougher and 
of the coast salt is obtained from sea-water, 
; but as the salt would be too costly if evapo- 
mostly rely on the slow process of evapora- 
the open air. At Lymington both methods are 


ire the brine springs have been known and worked from 
‘times, but the bed of salt whence the brine is obtained was 
about two hundred years In the pits, the rock 
much in the same way as soak by blasting and by the 
to the surface to be dissolved in water. The 

of the Weaver mostly spring from a depth 
i 10 to 60 yards. The brine is pumped by steam power 
cisterns, where it is more completely saturated by an addi- 
salt. The brine then passes wooden to 
i flat open vessels with flues underneath. 
crystals of salt 
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drying house. The blocks of common salt 
the produced by transferring the crystals from 
the wooden moulds, whence they are removed to be dried. 

Nearly the whole of the salt exported is made in Cheshire, and is 
sent down the river Weaver, which communicates with the Mersey, 
The sources of supply are said to be inexhaustible; 

it-manufacturers have so far extended their works, 
that the opening of new markets would be of the greatest advantage to 
Staffordshire rock-salt is chiefly exported from Hull, and 

that of Worcestershire from the port of Gloucester. 

A duty of 10s. per bushel was laid on salt in 1798, which in 1805 
to 15s. In 1823 this duty was reduced to 2s.; and on 
January, 1825, was wholly re Salt used in the fisheries 
-free, and in 1821 the quantity so used was 2,406,602 
and 150,000 bushels, required by bleachers, was also 
from the duty. A duty of only 5s., which was afterwards 
2s. 6d., was on salt used for agricultural pi 
existence of the duty, the retail price was 44d. per lb.; 
is now about 4d. Salt is now used more largely than hitherto by 

poor, and is employed in manufactures and in agriculture to an 

hich is only compatible with cheapness. 
2 an estimate was made that 300,000 tons of salt were used in 
the United Kingdom annually for domestic purposes, 200,000 tons for 
Manure and manufactures, and 500,000 tons exported. 
the prices varied from 2s. 6d. to 12s. per ton. The 
20 


was set 
salt mines and 97 salt works belonging to 47 proprietors, 


alin 
i 


4 


, of which about one half is exported. If 
the above figures are correct, the domestic consumption must be far 
more than 16 Ibs. per head, which was an estimate made several years 
ago, In 1858, the salt-manufacturers of Cheshire and Worcestershire 
memorialised the government, that means might be adopted 
for facilitating the consumption of ish ealt in India and China. A 
relaxation had been made in 1846, by which British salt was admitted 
eee eee oxpditions into aw yr ve peels arpa’ still 
more favourable conditions. ‘or China, suggested t, in 
— between the two countries, a donna’, should be made for 


Cheshire manufacturers ha 


‘which takes about 80,000 tons a-year. 


Pte 


common salt, which it still means when used merely by itself, is now 
applied to a vast number of substances which have in many cases few 
properties in common. 

Common salt is the principal of a class composed of a metal and 
such bodies as chlorine, iodine, bromine, and fluorine, and the radi¢als 
of the hydracids, and which are included by Berzelius in his class of 
haloid-salts (from GAs, sea-salt, and eféos, form), because in constitution 
they are analogous to sea-salt. The whole series of the metallic 
chlorides, iodides, bromides, and fluorides, such as chloride of sodium, 
iodide of potassium, and fluor-spar, are, as well as the cyanides, sulpho- 
cyanides, and ferrocyanides (though the three last are very differently 
constituted from the former), included by Berzelius in his list of 
haloid-salts. 

Tt was for many years admitted as an unquestionable fact that com- 
mon salt was a compound of muriatic acid and of soda; and hence it 
was very commonly called muriate of soda. But it has been shown by 
Davy, that the acid and alkali during their action on each other suffer 
mutual decomposition ; and that while water is formed by the union 
of the hydrogen of the acid with the oxygen of the alkali, the chlorine 
of the former and the sodium of the latter unite to form chloride of 
sodium. .It has since been proved that this occurs with all so- 
called hydracids, when they act upon metallic oxides: thus hydro- 
chloric acid and soda give chloride of sodium and water, hydriodic 
acid and soda yield iodide of sodium and water, and hydrocyanic acid, 
cyanide of sodium and water, &c. 

While then the hydracids, by the decomposition which they suffer, 
do not yield Aydro-salts with the metallic oxides, yet hydro-salts may 
be formed by saturating these acids with the vegetable alkaloids ; for 
example, hydrochloric and hydriodic acids yield respectively hydro- 
chlorate and hydriodate of quinine, when made to act upon this base. 
With ammonia hydrochloric acid forms the salt called sal-ammoniac ; 
but these salts are analogous to the chlorides, chloride of ammonium 
being formed by the conversion of the ammonia into ammonium, by 
the transference of the hydrogen of the hydrochloric acid to the am- 
monia, which is theoretically supposed to consist of one equivalent of 
nitrogen and four equivalents of hydrogen, instead of one equivalent 
of nitrogen and three equivalents of hydrogen, which exist in am- 
monia, 

The ovy-salts form another numerous and important class of com- 
pounds; these are formed when an oxacid is made to combine with an 
oxidised base; as, for example, when sulphuric acid unites with soda, 
the result being sulphate of soda. The sulphates of potash, lime, 
magnesia, &c., are similarly constituted; but a question has arisen 
whether these salts are not ‘also analogous.to the chlorides, in 
containing a metal rather than an oxide; thus, instead of supposing 
that sulphuric acid, composed of one equivalent of sulphur and three: 
equivalents of oxygen, is combined with soda, formed of one equivalent 
each of sodium and oxygen, it has been, and with much plausibility, 
supposed that the oxygen is transferred to the sulphuric acid, forming 
a compound which has never yet been isolated, consisting of one 
equivalent of sulphur and four equivalents of oxygen, and that this is 
combined with sodium. Professor Daniell proposed the name of 
oxysulphion of sodium for such compound, while Professor Graham 
denominates it a sulphat-owide composed of sulphat-oxygen and 
sodium. 

Another class of bodies has been described by Berzelius as coming 
within the description of salts; namely, the sulphur-salts. Electro- 
positive sulphides, termed sulphur-bases, are usually the protosulphides 
of electro-positive metals, and therefore correspond to the alkaline 
bases of those metals; and the electro-negative sulphides, sulphur-acids, 
are the sulphides of the electro-negative metals, and are proportional in 
composition to the acids which the same metals form with oxygen. 
‘Thus sulpharsenious acid (AsS,) and sulpharsenic acid (AsS,) combine 
respectively with sulphide of potassium (KS) to form the sulphar- 
senite and sulpharseniate of potassium. These salts obviously corre- 
spond with the arsenite and arseniate of potassium. Hence, if the 
sulphur of a sulphur-salt were replaced by an equivalent quantity of 
oxygen, an oxy-salt would result. 

In general properties the various classes of salts, and indeed the 
individuals of the same class, differ as widely as possible; some are 
erystallisable, others uncrystallisable ; they are colourless, and of 
various colours; sapid and insipid; soluble and insoluble in water, 
alcohol, and other menstrua; volatile and fixed in the fire; decom- 
posable or undecomposable by the same reagent. 

Salts have been conveniently, though not quite correctly, divided 
into alkaline, earthy, and metallie salts; for, strictly speaking, most of 
the two former belong to the latter, and to these classes must be added 
the ammoniacal salts and the salts of the vegetable alkaloids. Again, 
salts constituted of the same elements may contain one or other in 
excess ; thus soda and various other bases combine with three different 
portions of carbonic acid. The first is the neutra/ carbonate, containing 
one equivalent each of acid and of base; the second contains one-half 
more carbonic acid, and is called the sesqui-carbonate; and the 
third contains twice as much earbonic acid as the first, and is the 
bi-carbonate. 

Super-salts are such as contain an excess of chlorine or of acids, and 
sub-salts such as contain excess of base. Dr, Thomson has proposed— 
and it is yery conveniently adopted in practice—to describe the degree 


SAMARITAN CHARACTERS. 


of excess of acid in the super-salt by Latin terms, and that of the excess 
uivalents of chlorine 
a bi-chloride so a 

, as case be, a compound con’ one equivalent 
pop rr or acid to suet bans Setermall adiahleride &e, [CuemicaL 


& a the old Hebrew characters, 
the Babylonish Jes pede 3 but 
circumstance, especially 


from their being in the extant copies of the Samaritan Penta- 
they have obtained their t name. They are nearly the 
same as the Phornician characters, [AcrHanet; Hesrew,] , 
SAMENESS or IDENTITY. is term is generally applied to 
what is called personal identity, or the sameness of a living and 


intellectual being, as man. There are some remarks on this subject by 
Bishop Butler in his ‘ Dissertation of Personal Identity.’ 

The sameness of objects which are to a man consists in the 
perception of a variety of circumstances as to these external objects 
and at different times, from which arises an opinion of sameness in a 
certain sense. A man sees a tree growing in a certain place, and he 
ears. But in the mean time the 
-fold in bulk, and therefore its 
substance is not the same as that of the tree which he first saw there ; 
and besides this, there may not be a single particle of matter the same 
in the tree at two remote times of his observation. The tree then is 
by the supposition not the same ina strict sense ; but for all practical 

it is called and is the same. A man can no more believe that 
all change that the tree has undergone belongs to some other tree, 
ot Rennes ih care pe pedi his own body belongs to 


matter of the body and something else. A man can 
doubt that his body is not entirely the same in youth, in 
middle age, and in old age. He can view his body as he does any thing 
external, and he has a belief that it undergoes changes, and is there- 
fore not the same in the strict sense. But yet he considers himself 
; person here including something besides the body, 
whether something be a ig sd of an organised body or some- 
thing else. Locke, as quoted by Butler, says, “ that the consciousness 
of our own existence, in youth and in old age, or in any two successive 
moments, is not the same individual action, that is, not the same con- 
sciousness, but different successive consciousnesses.” Butler's answer 
to this vague talk is sufficient. But more may be said. How is con- 
sciousness of our l identity, or if this form of words be objected 
to as a way of ing the question, how is the thing called “ con- 
sciousness of our existence” at any two successive moments shown to 
be “not the same consciousness, but different successive conscious- 
nesses!” What are successive moments in a man’s consciousness of 
his own existence? It is more consistent with that consciousness 
which we have, to say that the consciousness of our personal identity 
is one and the same always; and if it is allowed that there is in man a 
belief that he is at different times the same being, in some sense which 
he cannot otherwise explain than that he feels that he is, it follows 
that this consciousness of personal identity is one indivisible thing, 
that it is as continuous as the personal identity itself which it pre- 
supposes. Nor is it any objection that a man’s faculties may be 
temporarily impaired by illness, and he may lose the exercise of his 
reason and recover it; or an accident may befall him, which for a time 
renders his bodily and mental powers inactive, though he may finally 
recover both. On his recovery he does not doubt that he is the same 
person that he was before his illness or accident, and therefore his con- 
sciousness is one. The division of consciousness b essive times, 
corresponding to certain external signs, and the ing that supposed 
succession a ground of objection to personal identity, is to confound 
things that are unlike, and to apply a measure to both that does not 
fit one of the thin 
“ Every person,” says Butler, “is conscious that he is now the same 
or self he was, as far back as his remembrance reaches.” This 
«<annot be disputed. It is a bare fact that this consciousness does 
e have not this consciousness from the time of our birth 
up to manhood and old age: it does not go further back in its 
manifestations than our remembrance does; yet we doubt 
not that we, the man, were once that particular child of our parents 
rather than any other child of these ts or of any other parents. 
But this belief is derived from e : our consciousness in its 
manifestations does not extend farther back than our 


in any other case, can 

The remembrance of 
the consciousness of consciousness 
begins, when it ends, how its activity is suspended, we know not: but 
we know that it is a law of our nature that, in the ordinary state of a 
man’s bodily and intellectual faculties, he has a perception, whatever 
caeerer: a sp fee! a he reviews certain acts 
events ife, that he the ver, and no other 

ti nected by t : 


or 
person, is the agent or is the person aff y these events, The 


SANCTUARY, 


remembrance then merely makes the consciousness of ident 
active ; and this consciousness of identity is not constituted _ 
of the remembrance of different acts or events, but is as permanent ~ 
and uninterrupted as the animal life itself, which nobody sw to 
consist of successive lives, Hp to Leff eh ede naes it be 
observed that the question of personal identity only arises upon the 
suggestion of the memory. Every man all through his life feels that 
he is in some sense or in some way, which he by that term 
“is.” And he is never without this present co uusness of existence, 
There is therefore an uninterrupted consciousness, which, as 
observed, is one, and not divisible by a measure of time. The 
remembrance of any particular act of a man’s own or of any event in 
his own life, is a present act, and the consciousness of such act 
of memory accompanies the act of memory as it does any other present 
act ; and as the act of memory is retrospective, so is the consciousness 
of that act of memory retrospective, but only incidentally, according 
to the nature of the act. The memory merely directs the conscious 
agent to an act of the kind called , and to a passed act of such a 
kind that the consciousness of sameness in the agent is inseparable 
from the notion of the act that is remembered. 

SAMIELI is the Turkish name of a wind which the Arabs call 
samoom, or simoom, which in t is called khamsin, and in Sene- 
gambia and Guinea harmattan. It occurs in most countries which are 
situated at no great distance from sandy deserts, and it blows always 
from that quarter in which the desert is situated. Thus, in Sene- 

bia and Guinea it blows from the north-east; in the Delta of the 

ile from the south-south-west and south-west; on the eastern shores 
of the Gulf of Suez from the north-east; in Syria from the south-east ; 
at Mecca from the east; at from the west; at Basra from the 
north-west ; and at Surat from the north. These winds are extremely 
hot, and a considerable quantity of fine sand is generally suspended in 
the air, which has been collected by the winds in rushing over the 
desert. They affect the human body very powerfully, producing great 
feebleness, and sometimes even d They usually consist of a quick 
succession of hot and cold puffs of wind; and ‘the difference a the 
temperature between these puffs, which is stated to amount to more 
than twenty d of Fahrenheit’s thermometer, is probably one of 
the reasons of their effect on animal bodies being so great. It is also 
thought that the hot puffs bring a pestilential air, as a putrid and 
sulphureous smell is perceived when they blow. Formerly it was 
asserted that the hurtful effects of the wind could be avoided by a 
person throwing himself on the ground with the mouth downward ; 
but modern writers say that the Arabs disapprove of such a proceeding, 
and perhaps justly, if it is true that the hot air is heavier than the 
pore mat To diminish the effects of the wind, the Arabs cover 
— es with the kefich, a handkerchief which they wear on their 


SAMPHIRE, a herb used in some parts of the country asa salad _ 
and pickle. The true samphire is the Crithmum maritimum, a plant 
belonging to the natural order Umbelliferw. It is a very succulent 
plant, with pale green leaves, and flowers arranged in umbels. It 
grows on rocks by the sea-side, The species of Salicornia [SaLicornta, 
in Nar. Hist. Div.] are often called samphire, and are used in the 
si manner; but they are inferior to the Crithmum as an article 
of diet. 

SANCTIFICATION, a term in theolo; —s the highest 
Christian attainment; the state of those who are perfectly pure and 
holy, having lost the inclination to vice, and are wholly devoted to 
virtue and godliness, It is understood to be produced by the special 
operation of the Holy Ghost, and to ensue upon justification. 

SANCTUARY, a consecrated place which gave protection to a 
criminal taking refuge there. The word also signifies the privilege of 
sanctuary, which was granted by the king for the protection of the life 
of an offender. Under the dominion of the Normans there 
early to have existed two kinds of sanctuary, one general, avhich 
belonged to every church, and another peculiar, which commenced and 
pasate pnd ote doar yincpotens the king. This 
tuary could not claimed by prescription only ; it was also 
necessary that it should be supported by within legal memory, 
and allowance before the justices in eyre. These two kinds differed 
from each other with to some of their privileges, 

Se a to those only who had been guilty of 
capital felonies. On reachi that 


it, the felon was bound to 
he had committed felony, and came to save his life, [ApsuRATION OF 


THE Reatm.] <A peculiar sanctuary might, if s' wilege was 
granted e charter, afford a place st rekap siren die tdes Gia 
committed high or petty treason ; and a ing thither might, 
if he chose, remain undisturbed for life. He still, however, had the 


option to take the oath of abjuration and quit the realm. 

seems in neither case to have been allowed as a protection to those 
who from the sheriff after being delivered to him for the pe 
pose of execution. During the latter part of the reign of Henry VIIL., 
oop me 
were (26 Henry e.13; 27 Henry ¢.19; enry i‘ 
c. 12), which regulated, limited, and partially abolished the privil 

of meg O no bas ms nweree ie Mpa classes of cri : 
entitled to it, an places possessing the privilege, Finally, 

21 James I. © 28, 8. 7, it was enacted that no sanctuary or privilege a 
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sanctuary should thereafter be admitted or allowed in any case- 
(ApsuRATION oF THE REaLM; AsyLun.] 
eeves's History of the English Law ; Comyn’s Dijest, tit.‘ Abju- 
es 3’ 4 BL, Com.) 
7 . pees pes sageles ranma derived eyed the epeterstiens 
r rocks, deposited according to the gravity of the various particles 
under the action of running water, ng tockuically known by the 
_ generic term “sands.” They are, for the purposes of classification, 
subdivided into river sand, sea sand, and pit sand; volcanic, cal- 
eareous, argillaceous, or silicious sand; red, yellow, or white sand ; 


of the } Soa 
called to applications ; but before doing so it may be 
_of interest to observe that the sea-sands on some parts of the shores of 
_ the Atlantic are largely used in agriculture, on account of the large 
_ quantity of calcareous and nitrogenous matters they contain. This 

spplication of sand, of the description known locally by the name of 
_ *tangue,” prevails in the departments of the Calvados, Manche, Cotes 
du Nord, &c., in France, to a very great extent, and it is found to be 


be beneficial. 
‘or mortar making, sands may be selected according to the pro- 
_ perties of the lime in connection with which they are employed, as 
under some circumstances they play a very important part in the 
chemistry of the hardening of the mortars. As was said under Mortar, 
the value of that class of materials depends upon the rapidity and the 
energy with which the double silicate of lime and alumina is formed ; 
and it therefore follows that the sands which contain the various ingre- 
dients in a state susceptible of entering into combination with the 
lime, are those which are of the greatest value. The sands derived 
from the destruction of the purely silicious rocks are for the most part 
inert for the purposes under consideration, because the silica 
contain is in a permanent ine form; but the sands derived 
destruction of gneiss, grauwacké, felspathic granites, and 
, in which the silicious acid does not exist in a stable com- 
acted upon by pure caustic lime. Thus it is found 
oe mp ye Se jtaacg ba 
decomposition o elspathic granites of those districts 
a sand in which the silicate of lime of the felspar exists in a 
to combine with parse hydrate of lime, there obtained by 
caustic lime derived from the more pure crystalline lime- 
The volcanic sands, known technically by the names of 
nos and trass, act even more energetically than the sands from 
Ms felspathic rocks ; ee mixed with the pure hydrate of ber: 
proper proportions, they even communicate to it properties nearly 
those of natural cements. On the other d, sands con- 
plastic clay in its natural state are positively injurious ; not 
only because the does not exist in them in a state able to form 
with the lime, but also because it ts the 
from ing one of its most useful functions in a mortar ; 
, that of presenting a nucleus around which crystallisation could 
in the lime*itself. At the present day it is believed that 
with the energetic cements a sharp, ine sand, one whose 
chemical would be totally 
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inert, is the 


of action, states that when sands are treated by acids and by lime- 
water few A may easily be distinguished from one anvther. Thus the 
inert resist the action of acids, and are totally without action upon 
even boiling limewater. The slightly energetic sands yield in a trifli 

degree to the acids, and take up a small proportion of lime from the lime- 
water. The decidedly energetic sands are powerfully affected by acids, 
and they take up a large proportion of the lime presented to them in 
solution. Care must, however, be taken in the experiments on the 
nature of this class of materials to allow for the action of the acids 
upon the lime present in the sand ; for all purposes connected with the 
formation of the insoluble silicate of lime and alumina by the reciprocal 
sand, the calcareous matters of the 


‘to affect injuriously the character of 
case with all internal decorations; and sea sand must therefore 
be excluded from all ornamental structures, River sand is 
also very likely to contain the muriate of soda when obtained from the 
tidal of a stream, and in addition to this inconvenience there 
is almost a certainty that the river sand will contain a large proportion 
of nitrogenous eleménts, which would in a building give rise to the 
formation and efflorescence of the nitrate of lime, which in its turn 
ARTS AND SCL DIV. VOL. VII. 


would be fatal to any coloured decorations or paintings exposed to its 
effects. Pit sand is in fact the most generally fitted for building pur- 
poses ; but care must be taken with it to secure that it should be free 
from argillaceous ingredients, and only that sand should be used whose 
grains are sharp and angular. The specific gravity of a sand is a prima 
facie evidence of its goodness. 

In brick and tile making, and in some processes of the higher 
ceramic arts, sand is occasionally used when the clay is, to use the 
workman's phrase, “too rich ;” that is to say, when it is exposed to 
run together in the kiln in an irregular manner, in consequence of an 
excess in the proportion of alumina the clay may contain. A clay is 
considered, in fact, to be rich when the proportions of silica and 
alumina are respectively 60 and 40 per cent.; it is considered to be 
poor when those proportions are 80 and 20 per cent. ; and according to 
the usage intended to be made of the clay a greater or less proportion 
of pure silicious sand must be added to the richer varieties. See 
Brogniart, ‘ Traité des Arts Céramiques.’ 

The very pure and perfectly white silicious sands which are found 
in Norfolk and in Alum Bay, Isle of Wight, used formerly to be raised 
in large quantities for glass making. The supply has been nearly 
exhausted; and latterly some of the best sands for this important 
branch of manufacture have been imported, in ballast, from Australia ; 
rich ferruginous sands for steel making are also imported from New 
Zealand. 

It may be desirable to add, that the fine sands charged with organic 
matters to be found in the embouchures of rivers, or in some bays 
on the sea-shore, are technically known by the name of silt, and that 
they are very rarely of any commercial value. Pit sands, or large 
deposits of sand in the interior, are occasionally found to be so charged 
with water as to remain constantly in motion, and are then called 
running sands, Under these conditions they form one of the most 
dangerous class of foundations, for if an escape should be found for 
the waters they may contain, the sands would in all probability be 
removed by them, and the foundations would be exposed to lateral 
displacement. The precautions to be taken in such cases are, if 
possible, to intercept the supply of water to the sand; if that 
cannot be effected, to keep it constantly charged ; and, under either 
of those conditions, to isolate the immediate surface of the foundations 
in such a manner as to allow any movements which may be produced 
to take place vertically, Dry sand has, in its dry state, been often used 
in foundations instead of concrete ; and if it be prevented from spread- 
ing laterally, that material is practically incompressible. It is also 
used for tamping round the charges of mines. 

SAND; SANDPAPER. Many varieties of sand are used for 
manufacturing purposes, Stone-masons often use the scrapings of 
granite roads to aid the action of their stone-saws. Engineers fre- 
quently employ grindstone dust. River-sand and pit-sand are gene- 
rally sharper or more angular than sea-sand; this difference leads to 
the selection of each for certain purposes. Kent sand is largely used 
at Sheffield, being fine and sharp ; it is found an economical substitute 
for polishing powder for steel goods, Sand-paper consists of sand 
sprinkled over and cemented upon sheets of paper; it differs from 
emery-paper [Emery] and glass-paper rather in the kind of substance 
used than in the nature of the action. ‘ 

SAND VOLTAIC BATTERY. A form of battery sometimes used 
in connection with the Electric TeLeGrapn, consisting of 4 number of 
pairs of copper and zine, with the cells filled with sand, which is kept 
moist by means of dilute sulphuric acid. This battery will remain 
active for a considerable time, and its activity can be renewed at 
pleasure merely by wetting the sand. 

SANDAL-WOOD, RED, or Red Saunders Wood of Commerce, 

Prerocarpus, in Nar. Hist. Drv.] 

SANDARAC is a secretion from the Callitris quadrivalvis, a tree of 
enormous size, native of Marocco, and there called Arar. It exudes 
spontaneously from the bark, and concretes on the surface, It occurs 
in small, irregular, but rather elongated, seldom perfectly round tears, 
or in masses run together, of a light yellow colour, sometimes verging 
to brownish, of a dull hue externally, generally covered with powder, 
but when this is removed, semitransparent. It breaks easily with a 
conchoidal fracture and vitreous lustres The powder is white, and 
forms the substance called pounce. By chewing, it forms a fine powder, 
which does not agglutinate, and hasa faint balsamic taste. At ordinary 
temperatures it is without odour, but by the application of heat it 
easily melts and diffuses a strong though not unpl t odour, resem- 
bling that of juniper or mastic. It is easily ignited. It is soluble to 
the extent of four-fifths in cold alcohol ; and the insoluble residuum is 
easily soluble in ether, or, slowly and with difficulty, in boiling turpen- 
tine. The portion insoluble in alcohol is termed Sandaracin. 

Sandarac is used for the preparation of varnishes, also occasionally 
for incense or pastiles, plasters, and ointments. The powder is rubbed 
on parchment to render it fit to be written on. Sandarac is sometimes 
used to adulterate mastic; and on the other hand, a resin obtained 
from the Juniperus communis, and another from J. O.cycedrus, are 
employed as a substitute for the genuine sandarac. In Sweden, lumps 
of resin which are found under ants’ nests below the juniper bushes 
are called sandarac. The resin of the Pinus dammara is called French 
sandarac in commerce, Sandarac is incorrectly called a gum; it 
partakes more of the nature of a resin, 
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SANDEMANIANS, [Saxpeman, Rosert, in Bros. Drv.) 

SANDIVER. [Grass Maxvracture.] 

SANGUINARINE. (Cool, NO,?) An alkaloid, found in the 
Saaguinaria Canadensis, but only partially iny It is a yellow 
insipid powder, insoluble in water, bit very soluble in alcohol, It 
neutralises acids perfectly, forming red salts, which are soluble in water 
aud very bitter. - 

SANHEDRIM, or SANHEDRIN (7177/30), the great council of 
the Jews, which consisted of seventy-one or seventy-two members, and 
decided the most important causes, both ecclesiastical and civil. The 
name is a Mapa crag by the Talmudists of the Greek ouvddpioy (a 
council). The attempt to find the origin of the Sanhedrim in 
the seventy elders who were eee by Moses to assist him in his 
judicial duties (Numb, xi. 16); but this council was evidently tempo- 
rary, and we hear of it in the subsequent history of the Jews. 
(Moses, in Broo. Drv.; Michaelis ‘On the Laws of Moses,’ art. 50.) 
The exact time of the institution of the Sanhedrim is unknown; but 
there is no reason to suppose that it was earlier than the time of the 
Maccabees. There can rene be little doubt that the Sanhedrim 
was an imitation of the seventy elders of Moses. The first mention of 
the Sanhedrim is in the time of Hyrcanus IL, when Herod was tried 
before it. (Joseph., ‘ Antiq.,’ xiv. 9, 5. 3, 4.) 

The Sanhedrim had a president (WN7 or N%L3), who was generally 
the high-priest, a vice-president (FQ YDN 7‘) who sat on the right 
of the president, and, according to some, a second vice-president 
(>). who sat on his left. e other members were :—1, Chief’ 
Priests, who are often Lacey te the ays, Seareen Fae. io 
Josephus, and who were partly ex-high-priests and partly the 0! 
the tur classes of Geteahe 2. Elders ; that is, the princes of 
tribes and heads of families. 8. Scribes, or men of learning. All 
chief priests were members of the Sanhedrim, but of elders and scribes 
only so were admitted into it as were required to fill up vacancies. 
oe 57, 59; xxvii. 3, 12, 20, 41; Mark viii, 31; xi. 27; xiv. 

. 53; xv. 1; Acts fy. 5; y. 21, 27.) The Talmadists say that the 

unal had its secretaries and Sa Ce Both Pharisees and 
: were found in it. (Acts v. 17, 21, 34; xxiii. 6.) 

The Sanhedrim met at Jerusalem, and, according to the Talmudista, 
in a chamber within the precincts of the Temple, called Gazith, in 
which also their archives were kept; but, according to Josephus (‘ Bell. 
Jad.,; y. 4,2; vi. 6,3), in a room on the east side of Mount Zion, not 
far from the Temple. In cases of emergency, as in the trial of Christ, 
they met in the high-priest’s house. 

causes brought before this tribunal were either appeals from 
the inferior courts, or matters which were thought of sufficient import- 
ance to come before them in the first instance: for example, the 
question whether a person was a false prophet (Luke xiii. 33), and 
matters which effected the whole state, a whole tribe, or the high- 
priest. The accused was brought before the tribunal, and witnesses 
were required to appear to support the charge, Either capital or 
minor punishments might be inflicted by the Sanhedrim ; but under 
the Roman government its power was so far restricted that a capital 
sentence required the confirmation of the Roman governor, who was 
also charged with its execution. The stoning of Stephen was not done 
im accordance with the sentence of the Sanhedrim, but in a riot; and 
the execution of James and others by the high-priest Ananias (a.p. 64) 
took place in the absence of the Roman procurator, and is admitted by 
the Jews themselves to have been an illegal act. 

Besides the Sanhedrim at Jerusalem, there were inferior courts in 
each town of Judea, consisting of twenty-three members, to which 
the same name is sometimes applied. From these courts an appeal 
could be made to the Sanhedrim. 6 

(Jahn, Archdol, Bibl., th. ii., b. ii, § 186; Calmet’s Dictionary ; 
Lightfoot’s Works ; Winer’s Bibl. Realwérterbuch, ‘ Synedrium.’) 

SANJAK, a word primarily signifying a standard, is also applied to 
a military division, the subdivision of an eyalet, into which the whole 
Turkish empire is divided; in this sense, it signifies,as much as is 

under one standard. The commander of such a division 
is re Sanjak, Sanjak Bey, or simply Bey, and the supreme general 
of all the Sanjaks of a province is styled the Beglerbey (commander of 
eommanders). The word is found under the forms jac and 
Sandschack, the French and German modes of rendering the Turkish 


word. 

SANKHYA. [Savaxnit Lanovace anp Lireratune.] 
SANSKRIT LANGUAGE AND LITERATURE, Language.— 
The Sanskrit is a branch of the Indo-Germanic family of languages. 
Of all those ws fe So) vo puarmget Xo the 
itive type; y the originality, , and abundanee of its 
is peculiarly calculated to throw Tebt on the obscure laws of 
the formation of language. Being also ef a rich literature, 
and the whole of its materials having been fully treated of by native 
grammariana, it was no sooner introduced to learned of Europe 
than it gave rise to a new philological science, that of com ive 
grammar, and led to the conclusion that the ancient Persian, the 
Armenian, the Greek, and the Latin, formed but one with the 
German, the Lettic, the Slavonian, and even the Celtic, of these 


languages affording the most extraordinary illustrations of the others, 


The Sanskrit was introduced into India when the Brahminical race _ 
obtained possession of the country (A, W, von Schlegel, ‘ De l'Origin 
des Hindous,’ in the ‘Trans, Roy. Soc. Literature,’ ii, 2, 405, 5 
Chr. Lassen,‘ Indische Alterthumskunde,’ i. 515, 531, &; M. Miiller, 
‘History of Ancient Sanskrit Literature,’ 1859, p. my and having 
driven out the languages of the aborigines of India, which are now 
spoken in the Southern Deccan, as the Telugu, Tamul, Canarese, and, 
others, and by some detached tribes, chiefly in the Vindhya mountains, 
for example, the Gonds and Khonds (Lassen, |. 1. i., 366, ff; M. Miiller, 
‘On the Classification of the Turanian Languages,’ p. 169, ff; R. fe 
well, ‘Compar. Grammar of the Dravidian Languagés, 1856, p. 8, ff), 
has spread over the extensive tract of country between the Haya 
the Iridus, and the Kistna, Within these limits it has had a history o 
its own, and has through various changes. It Fd sani in its most 
ancient form in the Vedas, about the 15th century before Christ, an 
in that state is very nearly related to the Zend, the ancient language 
of Persia, and contains many forms and words which have me 
obsolete. The classical Sanskrit, on the contrary, having once me 
fixed, has, for about 3000 years, partly as a living and J 
as a learned one, retained the same structure, with the mere excepti 
of difference in style, and a few archaisms, which only occur in th 
most ancient works. a 

Prakrit dialects —Out of the Sanskrit, however, even in compara- 
tively early times, dialects arose, which ut 
removed from the original and from each other; and from these 
dialects those of the languages now spoken in India are derived, whit 
do not belong to the aboriginal mentioned above. There is 
ead however, which pore pig nd = pee Prakritas, that is, 

lerivative languages, as ey are calle: e ian ri 
contradistinction to the Sansbrita, or that language which is 
and grammatically constructed (A. Weber, ‘ Vorlesungen itiber indis 
Literaturgeschichte, 1852, p. 168); and it is worthy of remark, th 
ae Ete a ee t according to which the Roman: 
language, the Italian, the Spanish, and the French, have grown out 
the Latin. There isthe same softening, the same assimilation, and the 
same exclusion of the harsher sounds, the same w of the 
forms, the same substitution of particles for cases, and same 

iphrastic Mey! cme rs 
e oldest of these dialects, and that which deviates least from the 

Sanskrit, is the Pali, which has become the sacred the 
southern branch of the Buddhists, who, when they abrogate i 
institution of castes, required a language which, at least for works 
strictly scientific, should not be exclusively un y the privileg: 
classes. Having originally been carried by the Buddhi ont 
Northern India to lon, the Pali has continued to exist in that 
island, as well as in Burmah, Siam, and Kankol, sod poem 
copious literature. (Burnouf and Lassen, ‘ Essai sur le ) Paris, 
1826; Clough, ‘Pali Grammar,’ Colombo, 1824; ‘Journ. Ceylon 
Branch R. As. Soc.” 1847, No. 3, p. 189, ff.; Pallegoix, ‘Gramm. 
Linguw Thai,’ ‘kok, 1850, p. 181, ff.) Different from the Pali is 
the Gathd, or dialect, which appears only in the poetical portion 
of the Buddhist literature of Nepal (‘ Journ. As. Soc. of al,’ xxiii, 
ed ‘Lalita Vistara,’ ed. by Rajendralal Mi Cale. 1853, #.) The 

nguage which, in a peculiar sense, is called Prakrit, properly Mahd- 
rdshtrt (for its local origin is to be sought in the country of the 
Mahrattas), differs little from the Pali; it is used by the Jains. The 
Mdyadht and the Saurasent, the former originally,spoken in Behar, 
and the latter on the banks of the Jumna, are only a litile farther 
removed from the Sanskrit. (Lassen, ‘ Institutiones Li cri- 
tice,’ Bonn, 1838 ; J. Muir,‘ Original Sanskrit Texts,’ vol. ii., p. 138, ff. 
where the different opinions on the origin of the Prakrits are set forth 
and examined.) In addition to these there are numerous more err 
dialects, among which we shall only distinguish the Vrajabhisha (Brij 
Bhakha), on account of the excellence of its poetical literature, and as 
being the parent of the Hindustani. 

The formation of the Prakrita languages out of the Sanskrit flowed 
naturally from the character of the parent tongue, and this tendency 
is manifested even in the earliest shape of the Sanskrit. This 
appears, to take a single instance, in the substitution of the ch and j 
(the Italian ci and gi) for the original k and g (just as the Italian gielo 
is formed from gel). In like manuer, it was perfectly consistent 
the character of the classical Sanskrit to adopt the verbal forms of the 
Prakrit, and to retain them together with the legitimate and settled 
ig bg Dhar a proof that the two languages must have co-existed 

‘or a long peri 

The appears as a perfectly-formed language in the Buddhist 
works carried to Ceylon, which tg cannot fix at a later date than the 
4th centary before Christ (Lassen, ‘Ind. Alt.) ii. 489; Muir, 1, 1, p. 65- 
107); and the Magadhi dialect has been found pea og Ala in 
the middle of the 3rd century before Christ, in the~ iptions of 


King Asoka, which were first deciphered by the late Mr. J. Y 
(‘Jour, Asiat. Soc. Beng.,’ 1837, pp. 566, 794, 963), whose translations 


ff); 
portion of them were lastly examined by M. E. Burnouf eH 
781) oaatieik on the 


, Whose ri 


gradually became still farther 
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kings found in Caubul, and near the Indus, which have been 
ered by Prinsep, Lassen, Wilson, and E. Thomas. (J. Prinsep, 
on Ind. Antiquities,’ Lond., 1858, 2 vols.) Many of the names 
ich haye been transmitted to us by the Greeks are Prakrit ; 
Deccan, for instance, in the Periplus of the Erythrzan Sea, 
Xu Sins, does not correspond to the Sanskrit dakshindpatha, but 
ly to the Prakrit dakkhinabadha. Hence it follows, that in the last 

_ five centuries B.c. the Prakrit must have become completely the language 
of the people ; and indeed the dramas which were written about this 
time show the relation of the two languages in the most distinct 
manner, the men i it, and the women and inferior 
characters Prakrit; which is likewise a proof that the Sanskrit 
was actually a living tongue, and was used in conversation by 
‘a educated people. This is proved by many other circum- 
stances; and it would be a great mistake to view the Sanskrit as 
having become from this time merely ar lan . On the 
contrary, it was in vogue at the court of ere as hee a the 12th 
 eéntury s.p. (Lassen, 1 1., iii, p. 1082, ff.), and probably in the small 
_ independent courts of Malwa even in the 14th and 15th centuries. It 
is consistent with all that we know, that the language should be in 

a different condition in the different provinces of India, The Moham- 


former, the intrest je national oné, and arises from the subject; 


~ py upon the form. 

.—We the epic poey only in its most perfect 
Sdameandsitiy its origin is involved in obscurity, and must be 
among the , Whom the ‘ Rama: F skprauh 
ch in the same character as that in which ey appear 
later princes of India. The materials of the epic consisted 
of the genealogies of the princely families whom the rha) 
Deiat, ink cat, of cic’ prontoans orecle ta the ily 
hich were at first sung separately, but afterwards incorporated 
genealogy itself. It is possible therefore that there may have 
as many epic poems as there were princely races. In the lapse 
time, however, all these poems have been lost except two, which are 
for their preservation partly to their poetical merit, and still 
interest of the subject : these are the ‘Ramayana’ and the 
‘Mahabharata.’ But even these have undergone many important 
alterations since they came from the hands of the authors; in fact, 
have been entirely remodelled in accordance with the interests of 
, by the addition of those parts in which Rima and 
; originally no more than mortal heroes, appear as incarnations 
of Vishnu ; these additions, however, have been 80 loosely attached, 
that ngs! might easily be separated without detriment to the whole. 
: . the object has been kept in view of including 
collection the whole cycle of tradition; and as the epic 
poems ” were —- for the hing wlded. and — < 
‘warrior caste, not only was everythi which could increase their 
the pot Becoesy but there are whole books, of considerable 
, in which their systems of cosmogony, philosophy, and law are 

explained in a popular manner. 


Réméyana.—The subject of the ‘Ramfyana’ is the descent of 
Vishnu, for the purpose of averting the threatened destruction of the 
i of the demons, Ravana. Rama, the son 


ue 


fa 


zg 
ef 


Pg in the divine nature of Vishnu, he dwelt in the inhospit- 
of the Deccan, in the forest of Dandaka, at the sources of the 
very. This course of events was n in order to bring him 
Ravana together, for here Rama made himeelf terrible to the 

2 , and having mutilated, among others, Stirpanakha, the sister of 
wana, the demon-prince, eetly out of revenge for this outrage, and 
partly inflamed by violent love for Sit, carried her off, and brought 
in safety to his residence at Lank& (Ceylon). Rama and Laksh- 
mana, unacquainted with the abode of Ravana, wandered about in the 
p in search of Siti. The ape-king va, who had been 

1 his own brother Bali, was to his kingdom by 

and a feeling of gratitude sends out a host of apes for the 

nur] of finding the a of Sité. The ape Hanumin at length 
it, passes across the strait, seeks out and speaks with Sita, 

sets fire to LankA, and conveys the gees to Rama, who proceeds 
with the whole army of apes to the southern point of the peninsula, 
when an enormous is formed by thro mountains into the 
sea As the is about to march upon the island, Rima is 
encountered by Vibhishana, Ravana’s brother, and a Titanian conflict 
_ commences, the description of which is one of the most admired parts 


- 


Achdra, comprisin 


of the poem: but the demons are at length subdued; Ravana falls by 
the hand of Rima; and Sit& is recovered, and having been found 
pure, as well by the ordeal of the gods as by the word of Brahma 
himself, she is united to Rama, who, returning to Ayodhya, 
receives from the hand of his brother Bharata the dominion to which 
he is entitled. 

These are the contents of the first six books, and here the poem 
terminates. But there is a seventh book, which is obviously a later 
addition, and consists of matters which are entirely independent of the 
former narrative: Sita is again separated from Rama, and bears two 
sons, Kusa and Lava, to Valmiki. After her innocence has been 
again established, she is carried away by the goddess Earth. Kusa 
and Lava haye learned the poem from Valmiki, its mythological 
author, and recite it at a great sacrificial festival, whereupon Rama 
acknowledges them as his sons. This is obviously an etymological 
myth derived from the Sanskrit name of the rhapsodists, kust/ava. 
This agrees with the present introduction to the first book, in which 
the origin of the poem is told in the same way, and both parts 
must therefore be regarded as additions made by the last editor, That 
the ‘RamAyana’ has undergone many other alterations, may easily be 
shown. It contains, in some parts, many things which point to very 
ancient times, and customs introduced at a later period are not even 
alluded to ; as, for instance, the burning of widows, which was prac- 
tised in the age of Alexander. In other circumstances are 
referred to which bring us as far down as the 2nd century a.pD., the 
names of comparatively recent nations being mentioned : for instance, 
the Huns. ’ 

The time of the composition of the poem cannot therefore be ascer- 
tained with any further degree of accuracy; and it is still a contro- 
verted question whether the Mahabharata or the Ramayana, in the 
form in which they haye been handed down to us, has the better claim 
to antiquity, It is more easy to determine what historical fact forms 
the foundation of it. This is evidently the introduction of the Brah- 
minical worship and civilisation into the peninsula, the wild aborigines 
of which, as being the opponents of Brahminism, are made to sppeae in 
the character of demons. The apes must represent another and a less 
hostile race, whom the Brahmins made use of in order to overcome the 
ruder tribes. This fact is indicated by another circumstance in the 
poem: the guide of Rama is the hermit Apr , to whom tradition 
ascribes the conversion and cultivation of the i and who even 
ae spines according to a sublime symbol, as the radiant Canopus of 

e South. 

The ‘Ramayana,’ since the last recasting gf the poem, has under- 
gone several revisions, four of which are known to exist (Weber, 
* Verzeichniss der Berliner Sanskrit-Handschriften, 1853, p. 119), which 
differ from one another less in substance than in style and arrangement. 
That which contains the oldest and the best text is confirmed by com- 
mentaries ; a critical edition of it to the end of the second book, accom- 
panied by an elegant Latin translation (as far as ii. c. 20), by A. W. 
yon Schlegel, appeared at Bonn, 1829, 3 vols. The same recension is 
represented also by the Oxford manuscript (‘ Catal. Cod. MSS. Sans- 
criticorum,’ 1860, vol. i., p. 6). An edition, based on a different text, 
was commenced by and Marshman (Serampore, 1806-10, 4 vols. 
4to); it as far as iii. c. 63, and contains also an English translation. 
The whole Ramayana, according to the Bengali or amplified recension, 
was edited, with an Italian translation, by G. Gorresio (Paris, 1843-58, 
10 vols.); there is also a French translation of the same by M. H. 
Fauche (Paris, 1854, ff., 9 vols.) 

Mahdbhdrata.—¥or the second of the two great epic poems, see the 
article MauABuArata. 

Laws and Jurisprudence.—Besides the book of Manu, which has 
obtained the highest reputation among the ‘ D tras,’ or law- 
codes [Manu], there were many similar books, which were likewise 
referred to sacred mythological personages, as Vishnu, Vrihaspati, 
Narada, and others. The principal sources from which they draw 
are the ‘ SAamaydcharikastitras,’ a of works belonging to the last 
period of the old Vaidic literature, in which the laws of caste, the rules 
of discipline, the occupations of kings, householders, &c., and the 
adminstration of justice, are accurately detailed. (M. Miiller, ‘ History 
of Anc. Sanskrit Lit., p, 134.) There was a considerable number of 
these works, according to the different Vedas or Vaidie schools to 
which each professed to belong, the names by which they went being 
either those of their authors or of the families in which they were first 
current. These names were retained by the compilers of the Dharma- 
sistras; and the law-book of Apastamba, for-example, is distinctly 
traceable to the Samayichirikasitras which bear the same name. 
The subjects of which the Dharmasistras treat are these three : 
domestic and civil observances and all matters 
relating to caste; Vyavahdra, of the duties of kings and the adminis- 
tration of justice; and Prdyaschitta, of the civil consequences of caste- 
defilement, or other sinful actions, and of the way how to avoid those 
consequences by purification and penance, This threefold division is 
strictly adhered to in the law-code of Ydjnavalkya (edited by Prof. 
Stenzler, in Sanskrit and German, Berlin, 1849), the first after Manu 
in point of time and authority. In the other law-codes (eighteen of 
which were printed, together with that of Yajnavalkya, at Calcutta, 
1845, ff.), prominence is given to one or other of those three divisions. 
In the laws of Vishnu, for example, the judicial portion is very meagre, 
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whereas the first and third are more fully treated than cither in Manu 
or YAjnavalkya. The laws of Daksha and Parfsara contain nothing 
about civil law at all, but so much the more about purification, penance, 
&c. These minor Smvritis, as they are also called (Smriti means imme- 
morial usage), are for the most part of small extent, and touch upon 
civil law only incidentally; they are, moreover, although received in 
common by all the schools, no longer final authorities, even where they 
do treat of law. For that purpose recourse must be had to the Com- 
mentaries and Digests, “Some of the former are merely explanatory 
of the text, but others are regarded as final authorities; and these 
latter, together with the Digests, form the immediate groundwork for 
the opinions of lawyers in the respective schools where the doctrines 
they uphold may prevail. Many of the Commentaries on the Smritis 
—such, for instance, as those on Manu’s institutes—are not considered 
to be final authorities, any more than the Smritis themselves; but 
others again which, by the introduction of quotations from other 
writers, and by interpreting and enlarging on the meaning of the 
author, partake so far of the nature of general Di , are referred to 
for the final decision of questions. The ‘ Mitd * (printed at 
Cale., 1812) is a remarkable instance of this; since, though professedly 
only a commentary on the Smriti of Yajnavalkya, it is consulted asa 
final authority over the whole of India, with the exception of Bengal 
alone.” (Morley, ‘ The Administration of Justice in Brit. India,’ 1858, 
p. 213.) In the Bombay presidency are Nilakantha’s ‘ Mayfikha,’ and 
im the Deccan the ‘Smritichandrika’ by Devandabhatta, of equal 
authority with the ‘ Mitakshari;’ whereas in Bengal the latter 
been entirely superseded by the ‘ Daya Bhiga’ (on the laws of inherit- 
ance) by Jimita Vahana. For the modern law literature in Sanskrit, 
which is very extensive, consult Wilson’s preface to Macnaghten’s 
‘Principles of Hindu and Mohammedan Law,’ London, 1860; Morley, 
‘The Administration of Justice in Brit. India,” p. 213-36; Sir A. 
Steele, ‘ Su of the Law and Custom of Hindu Castes,’ Bombay, 
1827, p. 1-29 Borradaile's Introduction to his translation of the 
. t saticuc Mayikha,’ Surat, 1827. 
urdnas,—The Puranas, if we regard “the form, must be classed 
with the ancient epic. They are voluminous collections of legends and 
traditions, written to elucidate the origin and history of some par- 
ticular holy place or a certain sect, and to be read to the people for 
their instruction at the great festivals. They all begin with a cosmo- 
gony, to which they add the genealogy of the gods and the development 
of the periuds of the world, as well as unconnected historical traditions, 
so as to form a fabulous chronology; and thus they come down to the 
history of the sacred place to which they are especially dedicated ; they 
, then conclude with the miracles, and so forth, which have been per- 
formed there. As they were intended to be read publicly, they are of 
course used as vehicles for conveying such instruction as the people 
might be presumed to require. They contain, therefore, not only 
recommendations to devotion and faith, and copious representations of 
the religious usages and customs, but also systems of the sciences 
which were known to the natives of India, as astronomy, mensuration, 
and jurisprudence, which are different in each Purdna, according as the 
priesthood of a temple belonged to this or that sect, or to this or that 
school of philosophy, astronomy, or law, In their present form, the 
Puranas are decidedly very late compositions, but the elements out of 
which they have been constructed belong to very different periods. 
They themselves refer to still older sources, and all the circumstances 
combined lead to the conclusion that there must have been another set 
of Puranas, which are now lost, and of which the present are an altered 
form or an imitation. Their great similarity, as well in their general 
structure as in particular parts, shows that they must have been 
formed upon one type, and that one very ancient, and that the differ- 
ences which they present arise from the difference of object, according 
as they emanated from this or that place, or this or that sect. The 
older authorities actually give definitions of the Puranas which do not 
apply to them as they exist at present, and which presume an older 
form. It may even be asserted that entire portions of them must 
originally have belonged to the Vedas. In their present shape, none 
of the Puranas can be referred to an earlier date than the ?th century 
AD,, and the greater part of them are much later, and closely connected 
with the formation of the more recent sects. Though they are metrical 
compositions, they have no pretensions to poetic merit, if we except 
the ‘ Bhagavatapurina, which was probably written by Vopadeva. 
They are arranged according to a certain canon, and are eighteen in 
mumber, under the titles of Brahma, Padma, Brahminda, Agni, 
Vishnu, Garuda, Brahmavaivarta, Siva, Linga, Nfradiya, Skanda, 
Markandeya, Bhavishya, Matsya, Varaha, Karma, Vamana, and Bhiga- 
vata. Besides these, there are said to be eighteen Upapurdnas, or 
secondary Purinas, only a few of which, however, are known. There 
are many others, not included in this canon, which are called Sthala- 
purdnas, or local Purfinas, and are of little importance. Several of 
these have been described by Prof. Wilson, in the ‘Catalogue of 
the Mackenzie Collection’ (Cale., 1828). The Purinas have been 
chiefly made known to us by the analyses of Wilson, in the 
* Asiatic Journals’ of Calcutta and London; by his translation of 
the ‘ Vishnupurina,’ London, 1840, 4to; and by Burnouf’s edition 
of the ‘Bhégavata, 3 vols., Paris, 1840-47, fol, as far as B, ix. 
Two complete editions have appeared in India, one at Calcutta, 
1830, and the other at Bombay, 1839, both with the scholia of 


Sridharaswimin, An edition of the ‘Markandeyapurina’ was com- 
menced at Calcutta in 1855. , 
Artificial Poetry,—Sanskrit received a new character, and one 
essentially different from that which we have been just considering, in 
uence of the revolution which took place in Sanskrit literature 
about the first century before Christ. Instead of the popular and 
national character which appears in the two great epic poems, it now 
assumed an artificial form, and became the poetry of courts and 
princes. How this was effected cannot be historically shown, for the 
various steps of the transition are lost, and the new poe at 
once in its perfect state. It is, however, quite obvious t the two 
great epic poems had long been completed and were in universal 
repute, The new poetry is poor in invention, and drew its materials 
from the former. Its whole merit consists in what ages be called 
style. Even the epic yersification is for the most part neglected, and 
lyric metres are substituted for it. This is not merely a di in 
external form, but it is connected most intimately with the mode in 
which things are viewed by the Indians, who, being devoted to con- 
templation, delight to work up their poetical materials not so much 
into a continuous action, as into a series of single situations. Each of 
these situations is exhibited in a single stanza or strophe, which forms 
an independent whole, and is not connected with the others either 
grammatically or metrically. This peculiarity is as obvious in the epic 
as in the lyric and dramatic poetry. r 
The new Epic poetry begins with Kélidisa, to whom two works of this 
class have been [ 
pAsa, in Broa. Drv.] They are written in a style worthy of imitation, 
and their whole character shows that they are older than the others, from 
whose superfluities these early works are free. The materials belong 
to the mythic cycle of the ‘Ramayana.’ The disposition to describe 
rather than to narrate is exhibited as well in single passages as in the 
whole. Whenever an opportunity occurs, long descriptions are intro- 
duced, such as pictures of natural objects, to which the old epic poetry 
was also inclined, but more sparingly, and only incidentally; here, 
however, they encumber the whole progress of the action. This is 
much more the case in the two following poems, in which the descrip- 
tions appear to the poet to be so important that he seems to have 
undertaken the works only for the purpose of introducing them, These 
works are the ‘ Kiratarjuniya, or “the battle of Arjuna with the 
Kirfta,” by Bharavi, and ‘ Sisupfilabadha,’ or ‘“‘ the death of Sisupila,” 
by Magha, both founded on episodes of the ‘ Mahabharata.’ They are 


classical compositions, and elaborated with the utmost nicety; but the 


art of the poet degenerates into a mere play upon words. There are 
verses which may be read forwards and backwards, and upwards and 
downwards; others in which only one and the same consonant is used 
(as “Sis. 19, 114, ‘didado duddaduddadi didido didadidadoh dud- 
didan dadade dudde dadidadadado’ dada,” which indeed is not very 
clear, but still has a meaning), or two consonants or more are 
These poems were printed at Calcutta, 1814, 1815, and again 1848, 
with the commentary of Mallinfitha. The ‘ Bhattikivya,’ written in 
the Sth or 6th century, in Vallabhi, the chief town of Guzerat, narrates 
the history of Rama, but only for the purpose of elucidating the more 
rare atical forms, every canto being written in a certain tense, 
&c. (Published at Calcutta, 1828, with two grammatical commen- 
taries.) The ‘ Nalodaya,’ falsely ascribed to Kalidasa, gives the history 
of Nala out of the Abharata, but only to show the skill of the poet 
in an incessant play of words and rhymes. (Edited by F. Benary, with 
the commentary of Prajnakéra, a Latin translation and notes, " 
1830; and by W. Yates, with a metrical translation, 
analysis, &c., Calc., 1844.) The most artificial of all these poems is the 
‘Raghavapindaviya’ of Kaviraja. (Published at Calc., 1854, with a 
commentary by Premachandra ‘Tarkavagisa.) It is written with such a 
Sal age double meaning, that the same words give us the histories of 
ma and also of the sons of Pandu, which is only possible in conse- 
quence of most of the Sanskrit proper names having also a perfect 
appellative meaning, so that in the one history the proper names must 
be dropped, and in the other the appellative meanings. We shall 
mention in the last place the ‘ Naishadiya’ of Sriharsha, king of Cash- 
mere in the 12th century. It treats of the marriage of Nala, and 
nothing else, in twenty-two long cantos, written throughout in a very 
artificial manner, which however makes it a great favourite among 
the Indians. The descriptions in this poem exceed in le and num- 
ber all reasonable bounds, and there can hardly be said to be any action: 
at all. It was printed at Calcutta in two volumes, the first with the 
commentary of Premachandra, 1836, and the second with that of 
Narfyana, 1855. 
Lyric poetry, in the proper sense of the term, did not exist among 
the natives of India at this period, for even here their fondness for 
description has taken the place of everything else, and, instead of lyri 
poetry, we have the epigrammatic, didactic, and descriptive. Even 
their amatory poetry appears to be not so much the expression and’ 
effusion of feeling as a studied and laboured display of situations. An 
agreeable work of this description, the ‘ Amarfisatakam,’ consists’ of 
100 single small poems, each of them being nothing more than a stanza 
which represents an amatory scene, and which we should call an epi- 
grata, (Published at Calcutta, 1808.) To this class belongs lbs 
the ‘Sringfratilaka,” which has been improperly ascribed to Kali- 
dasa, To these must be added the first book of the ‘ Centuries’ of 


ascribed, ‘ Kumfirasambhava’ and ‘ Raghuvansa.’ [CALE 
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while the two other books contain didactic poetry. The 
yen ascribed to the brother of King Vikramaditya, who 
he Ist century, B.c.; and we have the high authority of 
n (‘Ind. Alt.” ii. 803, 1161), for the probability of this 
being correct. (First edited at Serampore, with the 
desa, 1804; and at Berlin, 1833, by Bohlen.) Among the 
| properly called descriptive, by far the best is the ‘ Meghadiata,’ 
certainly a ine work of Ka4lidfisa, which in a style of the utmost 
- elega and simplicity, describes the course of a cloud over a part of 
mi the residence of the god of riches and of the wife of a demigod 
__ who had been banished to earth [CALmDAsa, in Broa. Drv.]: the poem 
_ is put in the mouth of the demigod himself. The value of this poem 
‘a work of art lies chiefly in this, that every single external pheno- 
_ menon receives a spiritual meaning, and all nature seems to be 
_ endowed with life. It is very different in the later poems of this class, 
which are properly only rhetorical centos and collections of all the 
current expressions 3 | comparisons of previous poets. A work of 
this kind on the seasons—a subject indeed ywhich is frequently intro- 
duced in the epic poems, the ‘ Ritusanhira’—has been improperly 
ascribed to Kalidfsa. (Printed at Calcutta in 1792, and at Leipzig in 
1839.) A similar one on amatory common-places, ‘ Chaurapanchasiké’ 
(in Bohlen’s ‘ Bhartriharis’), is bombastic and spiritless. This branch 
of literature must have been very rich, and many of the older works 
have undoubtedly been lost. Most of those that are extant, including 
the‘ Meghadiita,’ Ritusamhara, ‘ Gitagovinda,’ ‘Nalodaya,’ ‘ Bhartribari,’ 
: ral mel are contained in Hoeberlin’s ‘ Sanskrit Anthology,’ Calc., 
7. 


The Drama.—According to the tradition of the Hindus, the Indian 

_ drama had its origin in very ancient times, the rules concerning it 
4 communicated by Brahmé himself to the hermit Bharata 
the supporter, bard, actor). Though we are unable to 
» a8 we know it only in its perfected form, still we 
; not far wrong if we fix about the end of the 4th or 
__ the beginning of the 3rd century 8.0, as the most probable time when 
_ it received its first development. An examination of the technical 
terms employed in the Hindu drama favours the supposition that, in 
its first stage, it consisted in dances, accompanied by gestures and songs, 
in which some historical event was celebrated; that then the persons 
themselves who were the subjects of those songs were re ted by the 
singe: and that, lastly, the dialogue took the place of the dancing 
singing. (Lassen, *‘ Ind. Alt.,’ ii. 502-5; Weber, ‘ Ind. Lit.,’ 184, ff.) 


fh 
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another, and sing a song accompanied with gesture. 
It is obvious that a considerable time oe baie danad before so 
simple a beginning could have grown into a regular dialogue anda 
action, in which mythological and domestic, and even 
historical, materials are interwoven into the representation. But the 
Indian drama, even in its highest state, is still in a low condition. 
Among the ote and on moderns rresicyey Peg and & ppcwege 
powers form the moving forces of the drama; but that o 
India is rather a series of events and situations which are exhibited in 
the spectator. The distinction between tragedy and 
is unknown, and thé Indian drama most nearly resembles the 
Indian dramatists have not yet arrived at the 

discrimination 


of character; the heroes and heroines resemble one 
or less in all their dramas; and the species rather than 
individual is everywhere represented. There are also standing 
characters, such as the vifa, who is the gracioso of the Spanish stage, 
and the viddshaka, who is the clown of the old English. This latter 


personage is always the necessary attendant of the principal hero, 
whom he parodies, and whose ideal wishes he contrasta with his own 
i coloured, 


walsh contrasts are often very strongly 
strict rules of the Greek drama are unknown to that of India, and 
i it is com: tively unfettered,—as, 
apg of acta, of whic share ene. 0 ss eae oa 
form there are two peculiarities which especially require 
the interchange of dialecta in the dialogue, which is in 
and delicately managed, and gives us a high idea of 
vation of the Indians in those remote times (it has 
. observed that the heroes Sanskrit, but that the 
women and inferior characters speak various dialects of Prakrit); and, 
ena berg laparetenes a! «= achece apr The dialogue is entirely in 
verses in the lyric metres, always of the 
iptive character before mentioned, which sometimes exhibit a 
' feeling or a situation, and sometimes describe ing which cannot 
be actually represented on the stage, as the rapid travelling of a vehicle. 
7 As to the scenic representation our information is limit 


rature of India is beyond all doubt much richer than we are yet aware 
The names of about 60 pieces are known to us, of which 13 
have been edited, and we are indebted to Professor Wilson for longer 
or shorter notices of 20 others. (‘Theatre of the Hindus,’ 2nd edit., 
Lond., 1835.) Fortunately, the pieces which have been edited are 

to enable us to take a rapid view of all the eras and divisions 
of this branch of their literature. 
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The classic age of the Indian drama may be divided into three 
periods : the first includes the time before Kalidasa, of which onfy one 
piece remains, ‘ Mrichhakati,’ ‘ The Toy-Cart,’ by King Sfidraka (who 
probably lived about the end of the 1st century A.D.). It is easy to 
discover that this piece belongs to the early period of art: the poet 
has to contend with materials which he does not well know how to 
handle. There is a certain clumsiness in the management of the acts 
and scenes, and the excess of descriptive poetry is fatiguing, a whole 
act, for instance, being occupied with the description of a storm. In 
other respects it is strikingly original, and contains few of the common- 
places which occur in the other poets; the different dialects of the 
Prakrit also are more closely amalgamated than in the other-pieces. 
To Europeans this drama is particularly valuable, as giving a repre- 
sentation of Indian manners which cannot be found in any other work. 
Though it is the only remaining piece of this period, many others must 
have existed before Kalidasa; for the general theory of the dramatic 
art was already perfected, which is obvious from his frequent allusions 
to it. 

The second period begins with Kalidisa (about the middle of the 
2nd century .p.), under whom the Indian drama reached its highest 
degree of perfection. We have two pieces by him, ‘ Sakuntala’ and 
* Vikramorvasi’ [CALmAsa, in Broa. Drv.}, of which the last has been 
denied to be his; but, to judge from the style and spirit, it must 
certainly be ascribed to him. Kalidisa is indeed the most perfect of 
the Indian dramatists, for in his pieces we have the utmost elegance of 
style, without anything over-laboured or artificial ; the development of 
his plot is natural and well considered ; and there is always.a correct 
relation of parts, As to his poetical merit, Europeans have been 
enabled to form a judgment from the graceful translation of his 
‘ Sakuntali,’ by Prof. M. Williams (Hertford, 1855). 

The third period begins with Bhavabhiiti, at the commencement of 
the Sth century, whose era is established by a passage in the ‘ Chronicle 
of Cashmere’ (iv. 144). Dramatic poetry had now undergone a great 
change, the historical progress of which we are unable to describe for 
want of the necessary evidence. Bhavabhiti was a learned poet, who 
constructed his works entirely according to the dramatic theory of 
previous writers, He has accordingly a very high reputation in India, 
but he has all the faults consequent on the direction thus given to his 
genius. With all his poetic talent, he is deficient in true dramatic 
spirit ; his results are laboured, and there is always a display of art 
and a want of nature. Description is with him always in excess, and 
the diction of single passages is not only too artificial, but also pompous, 
and to Europeans therefore not without difficulty. There are three 
ae of his; one in which a domestic subject is treated, the loves of 

(lati and Madhava, and two others taken from the cycle of traditions 
of the RAamfyana, ‘ Mahaviracharitra,’ and ‘ Uttararamacharitra.’ 
last is most from the excessive elaboration of style. 

As seme of dramas of intrigue in the Indian style, ‘ Ratn4vali’ 
and ‘ MAlavikagnimitra’ are worthy of notice, The first was written 
in the 12th century by some poet at the court of Sriharsha, king of 
Cashmere; the other was long prior to Bhavabhiti, probably by 
Kalidasa himself. The plan of these pieces is not unskilful; and the 
language is easy and graceful; the subject itself warning the poet to 
avoid a highly ornamental style. Another kind of interest belongs to 
the ‘ Mudrarikshasa’ of Vi atta; the exact time to which this 
drama belongs is unknown, but it is certainly after Bhayabhati; the 
matter is historical, namely, the history of Chandragupta, the Sandro- 
cottus of the Greeks, In the deficiency of historical information, even 
such a tradition is Loy Coda and the piece also throws much light on 
the politics of the Indian courts, As a drama it is not of much value ; 
it is mostly written in prose. The ‘ Prabodhachandrodaya’ (the 
rising of the moon of reason”) is of a character quite peculiar: it is an 
allegorical play, written by Krishnamisra in the 11th century, in which 
purely abstract ideas, as virtues, passions, and crimes, are personified 
and act, and by means of whom the Vedanta philosophy at last 
celebrates her triumph, Setting aside the strangeness of such a work 
of imagination, it must be admitted that the author has performed his 
task with great skill. - ~ 

It was much later before the peculiar species of drama made its 
appearance which is called prahasana (comedy, or rather farce). The 

ieces are short, and are valuable as exhibiting an entirely new kind of 
Etaentars, They are bitter satires, as unrestrained as those of Aristo- 
phanes, and aimed at the deep state of degradation into which the 
Indians had sunk, Lacy: Arg a hae —— of = Brahmins. 
The Dhfirtasamagama’ (“ the assembly of rogues”) isa ful wrangle 
between a Brahmin and his scholars about a courtesan. e the piece has 
the merit of lying in a happy manner the bombastic style of 
Bhavabhiti, which is a proof that even in India there were critics who 
were opposed to the common opinion, and who ridiculed the perverse- 
ness of the general taste. This little piece belongs to the end of the 
15th century. (Published in Lassen’s ‘ Anthologia Sanscritica,’ Bonn, 
1838.) The later dramas confine themselves entirely to mythological 
subjects. The greater number of the sixty pieces before mentioned 
belong to this class. An imitation of the ‘Prabodhachandrodaya’ is the 
* Chaitanyachandrodaya,’ a drama in ten acts by Kavikarnapura, in 
which the life and mystical reveries of the philosopher Chaitanya are 
celebrated. It dates from the 16th century, Amongst its faults are a 
profusion of alliterations, and a gorgeously ornate style : but, regarded 
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work will always command the esteem of the lovers of literary worth. 
It was published at Caloutta, 1854. 

The ‘Gitagovinda’ of Jayadeva, written in the 12th century, is 
entirely different from the works al described, It is a poem 
intended for performance at a festival of Vishnu, and belo: to that 
class to which we ascribed the of the drama, It exhibits the 
separation of Krishna from his wife Radha, his love adventures with 
the shepherdesses, and the reconciliation of the husband and wife, in a 
series of songs, which are connected and introduced by strophes which 
desoribé the situations. The strophes were intended for recitation, the 
songs to be sung. This is therefore the only Sanskrit poetry which we 
possess that can y be called lyric. But the songs are entirely 
written on the model of the Prakrit songs, which alone appear to have 
been intended for singing, and they have throughout the Prakrit 
metres The word govinda itself is a Prakrit form of the word 
gopendra, “ the master of the shepherd :” which is one of the titles 
of Krishna. The scholiasts explain the poem in a mystic sense: 
Krishna is the soul, which emanated from God, with whom it was 
originally in union, but was drawn down from him by sinful objects (the 

); at length, however, full of desire for yaork age purity, 
it returns to God. In fact, the author himself, in passages, 
seems to intimate that he had some such deep meaning in view: and 
perhaps we may here find indications of the influence of the pa er 
poetry of Persia, (Printed at Calcutta, 1806; and there is an ex it 
edition by Lassen, Bonn, 1836, 4to.) ; 

Narratives.—As the old epic poems were especially designed for the 
warrior-caste, so the Vaisyas, the third class, have a literature of their 
own, the narratire, of which the first which requires notice is Fable. 
In the ‘ Ramayana’ and in Manu there are allusions to well-known fables, 
and others are related in the ‘Mahfbhirata.’ The two chief works of 
later times, but which are still of some antiquity, are the ‘ Panchatan- 
tra’ and ‘ Hitopadesa.’ [Prvpay. in Broc. Drv.] The ‘ Kathfnakés’ 
are short narratives and tale. They are known to us chiefly through 
three modern works, which contain obvious marks of having 
been derived from older metrical collections. They are called— 
* Vetilapanchavinsati,’ “the 25 tales of the ghost,” by Sivadisa; 
‘ ti,’ “the 70 tales of the parrot,” known in Europe as the 

* Tatinimeh,’ from a Persian translation; and the ‘Sinhisanadvatrinsati,’ 
“the 32 tales of the statues on the throne of Vikraméditya.” The 
whole series has only been printed in translations into the modern 
pn of India. n has published part of the Sanskrit original 
of the ‘ VetAlapanchavinsati,’ and the commencement of the ‘ Sukasaptati; 
in his ‘ Anthologia;’ and Prof. R. Roth has given extracts from the 
Sanskrit text of the ‘SinhAsanadvitrinsati,’ in the ‘Journal Asiatique’ 
for 1845, vi. 278, ff, But there is another still more important work, 
-a great collection of all the existing tales, which was undertaken by 
Somadeva of Cashmere, in the 12th century; it is entitled ‘ Vrihat- 
katha,’ “ the great narration,” or ‘ Kathfsari' ” “the ocean of the 
streams of narrations.” It is written jn the epic metre, and in a simple 
style. (About a fourth part of the work has been published 
Brockhaus, Leipzig, 1840.) Viewed with reference to their matter, 
the works of this collection are peculiarly interesting to us, since even 
in the middle ages they had found their way to Europe under various 
forms, “ Pe. The Book of bw Seven Wise Masters,’ &c. ; and the know- 
ledge o original text clears up many difficult questions of literary 
. Some of the oldest and best of the ‘ "Tales of the Thousand 
and One Nights’ have been drawn from this source, and even in the 
Arabic version they retain many features which belong only to India. 
See hag Benfey’s translation of the ‘ Panchatantra,’ Leipzig, 1859, 
2 vo 


Dandi, about the mid 
of a somewhat later date, and composed in a very a , 
Lastly, in the ‘ VAsavadatti,’ a romance in prose, written by Subandhu 
proabiy a xc as the 7th cottuty, dhe Aeplag of alliteration and the 
love of am ity of import are carried to such an extent that the 
work may truly be called an entire volume of puns. 


narrative class the scanty remains of 
Historical Literature —The peculiarly contemplative cast of mind 
the natives of India, and the of the 
whole country having never been formed into a single kingdom, but 
poy 2 bob geen independent governments, will ciently account 
for the entire want of historical writings. With the exce 
of a modern chronicle of Orissa (abridged by Stirling, ‘ Asiat. 


very 
Resear.’ xiv.), there is only one historical work in existence in the 
Sanskrit, ‘The Chronicle of Cashmere," properly entitled ‘RAjatarangini,’ 


“the stream - the kings;” it was vere is the 12th century by 
Kalhana, from ancient sources, which he- inlly men’ 
There Save ben, three successive continuations of chronicle, which 
describe the period of the Mohammedan dominion down to Akbar. 
The work is written in the artificial style, in the epic metre, and has a 
good deal of the form of a ‘Purana.’ The first part of it has been 
drawn almost entirely from Buddhist sources. It was first made 
known in Europe by Wilson's analysis (‘Asiat, Resear.,’ xv.); after- 
wards edited at Calcutta, 1835, 4to.; and lastly, the first six : 
with a French translation of the whole work by Troyer, were published, 
at Paris in 1840-52, in 3 vols. The Buddhists, on the other hand, hay 

a history, ecanorely worthy of credit, which is continue 
according to the series of their patriarchs. Hitherto the only publi- 
cation of the original Indian text has been that of the ‘ Mahfvansa; in 
Pali, by Turnour. (Coban, 1837, vol. i, 4to.) This deficiency of 
historical literature is in some degree compensated by numerous in- 
scriptions of various ages, which have been found in all parts of India, 
and most of ‘which have fiitherto successfully been deciphered. As 
many of them contain genealogies and other matters which indicate 
the time when they were written, they are of inestimable value for 
historical inquiries, being almost the only documents which BetE re 
As to any other historical notices, we are entirely indebted to the 
writings of the Greeks, the Chinese, and the Arabians, which 
been very useful, at least for settling dates. x 

Scientific Literdture.—The sciences to which the natives of India’ 
have been original contributors, are philosophy, grammar, and astro- 
nomy, together with algebra, 

Philosophy is of great scsi in India. The con ative 
character of the natives must have early led them to m ice 
perder and the collision which must soon have occurred betwee 
the results of those speculations and the revealed word of the Vedas, 


would become a principal cause of the wider extension of phil af 


Hence arose many systems; of those which are held to be ortl 

we are specially acquainted only with six; but as these six are rele 

to each other by twos, they can only be regarded as three distinct 
systems. We are acquainted with them only in their complete form, 


in which they haye a mutual relation to each other, and we are not 


first and: 
been traced back to Kapila. It is founded on a ay of oa ad He 


able to point out their historical development. 
The Sdnkhya however must be regarded as the 
most ancient, and this , on certain mythological 


matter (or prcemrkl b the first being the free, pure, uncreated, and 
uncreating principle ; the second, the creating power of whe Seat 
and seless. The one cannot be thought of without the other 

prebvods, by w regular gradation, fremn the sbisltnal ¢ the alleen 
proceeds, by a ion, e spiritual to the a 

and then to Pepin corporeal, the whole visible world. Every human 
being indeed possesses the spirit, but in union with the senses; an 

his task is, by the og say of the senses through the medium of 
the intellect, to attain to the final deliverance, “ moksha,” or blessedness, 
which is accomplished in the “ jndna,” that is, the “ gnosis,” knowledge. 
But this system had an appearance of atheism, and therefore ler- 
went a reformation in the Yoga system of Patanjali. It is here 
established, that knowledge is the way to attain to the final deliverance, 
but knowledge itself can only be obtained thfough “ yoga,” Poke tas 
into God and mystical union with him, and a perfect abstraction from 
everything which can disturb the mind or awake the passions. The 
pas spirit is the creator, and thus it 


system further assumes, that the 
connects itself with the notions which belong to religion; it also adopts 
the metempsychosis, inasmuch as it fixes degrees of the 3 the 
spirit comes back to inhabit new bodies till it has attained the highest 
degree of the yoga. The Vedas are also held in esteem as means of 
knowledge, but they are not valued more highly than other means, 
since a man is to perform what is said in the Vedas freely, and not 
merely on account of the written word. Hence has arisen the saying, 
that the “yogin” is exalted above the Vedas. “4 

The doctrines of the Buddhists are founded on the Sfinkhya system, 
which they out into all its consequences, both in their religion 


and politics. [BuppHa.] ¢ ; 
ya, of which Gotama is the author. 


The second system is the NV; 
This system is entirely confined to logic and dialectic, on which it has 
heref 


y.| been constructed even in the most minute particulars, It is 


more in accordance than the Sinkhya with the other systems; and as 
the natives of India generally have bestowed much labour on the study 
of logic, so philosophers also of all the different sects have occu 
themselves with it. The number of the Nydya writings is very grea 
The Vaiseshika s. may be looked upon as a reformation of 
Nyfya. It is derived from Kandda. It applies the logical pri 
to nature, and has arrived at a complete atomic doctrine by 
resolution of all substances into their elements. It asserts that there 
is a union of atoms, which however is purely mechanical; so that, 
contrary. to the Sinkhya, in its consequences it necessarily leads to 
I 


The third system, the Mtmédns@, the first teacher of which was 
called Jaimini, is directly o to the two former. It maintains 
religion and the revealed word of the Vedas, and isa positive theological 
system. Accordingly it is oceupied chiefly in commenting upon the 

edas, and in reconciling their contradictions. The first part of this 


¢ 


being, and from them 
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lominantl rac ical; it is called ‘Parvamimansa,’ “the appears to have been adopted merely from the necessity which the 
object of attaining the greatest possible brevity imposed upon him. 


ord of the Vedas is the great rule by | been copiously commented upon, are nearly as old as Panini himself, 
lated. The Vedanta required philosophy | In comparatively recent times, grammariang began to take some pains 
{ the other systems every- | to reduce the ‘ Sat 
not contradictory 
at one-half of the ph y is given up, and the Vedanta is inter- | must be particularly mentioned, which was written by Bhattojidikshita 
ite between phil: id dogmatism, as was the case in the | about the year 1600, and has served as the foundation of a number of 
It has been however of great | more modern works, te Siddhintakaumudi, Caleutta, 1812, 4to, ; 
nerating the old religious | ‘ hukaumudi,’ ibid, 1827, and Mirzapore, 1849.) All these are 
to the present time. The entirely occupied with teaching the grammatical forms, and it is o 
of this system were Kumiarilabhatta in the 6th | as opportunity offers that they give a few syntactical rules, Syntax, 
richirya in the 7th and 8th, both of whom | on the contrary, is developed in many distinct works, and ig grounded 
e largely to the expulsion of the Buddhists. The latter on the logic of the Nyaya system, which is a proof of enlarged and 
4 through the whole of India, combating and refuting the | correct views. So in like manner the different Prakrit didfects have 
Op sects. The system is indebted to him for its perfection, and } been exhibited in their separate grammars. The oldest work of this 
=| even now universally received throughout India in the form into | kind is the grammar of Vararuchi, which belongs to the 4th century 
which he brought it, before Christ (the greater part of it published in Lassen’s * Instit. 
The heterodox systems ate chiefly known to us through the refuta- | Lin, Pracr.,’ the whole edited by Cowell, Hertford, 1854); it treats 
tions of them by their o nents, especial] Sankarichirya, for the | of the principal dialect and of the three others which are most nearly 
ings themselves Shite, age intenti ly destroyed. “ They are | connected with it. He is followed by a series of later grammarians, 
all to in Manu, and they are combated in the ‘ Ramayana ;’ which | who successively include within the limits of their works more of the 
are ie their rtant among them is that | inferior dialects. The most important of these grammarians is 


¢ announce a final deliverance as the highest aim, but | interest, . 
existence, and regard the soul as a material substance. Lexicography also had its origin as far back as the Vedas, for the 


; and the world is held to be uncreated | obsolete words, A work of this kind, entitled « Nirukta,’ (edited with 
an consequently deny the first cause of things, and are commentaries, by R. Roth, Gottingen, 1852) forms an essential part of 
perfect atheists, the Vedas themselves, For the purpose of perfecting grammar, it was 

__. (Colebrooke, « ‘eps on the Religion and Philosophy of the Hindus,’ afterwards found necessary to make alphabetical lists of the verbal 
London, 1858, pp. 143-269; Ballant “Christianity contrasted with | roots. The nouns, chiefly for the purpose of fixing the genders, were 

i yne, y Tp xing gen 

Hindu y;' 1859, pp. xv.—xxxviii, ; Mullens, ‘ Religious Aspects | arranged by themselves, not alphabetically, but according to the 

of H y,’ 1860, pp. 1-174; Lassen, ‘Ind. Alt.,’ i. 830-36, subjects to which ar belonged. The chief work of this class, which 

ii. 509 £. 1165 £, iii, 421-39; Weber, ‘Ind. Lit.,’ p: 210-20; Dr, | has served as a foun tion to all the later ones, is the ‘ Amarakosha’ 

commenced in 1849 to edit at Benares the Satras (short Neicaag which they haye imitated even in their arrangement, 
cy philosophy, in Sanskrit and AMARA, in Broc. Drv.] Next in celebrity and more complete than 

C * (short notices of the different systems | the before-mentioned is Hemachandra’s Abhidhanachintémani,’ from 

Madhavachirya, Cale., 1858; ‘Sinkhyapravachana- | the 12th century (edited by Boehtlingk and Rieu, St. Peterb., 1847), 

Cale., 1856; *Sinkh ikA,’ Wil, Oxford, | None of these works, of which there are many, completely exhausts 

vadgita,’ ed. 


app. to Thompson's | mitted to memory, led to the consideration of the laws of metre, and 


; ‘Sankara, sive de Theo- subject as a complete system. Pingala, who is commonly considered 
mann,’ Bonn, 1838, 8yo,) to be the same as Patanjali, is said to be the author of it: this work, 
arise among an ancient people | which, like the whole science, is called Chhandas, has been elucidated 
“their growth, The by numerous commentaries, 
ecame obsolete. The | Music.—The theory of music has also been elaborated according to 
innovation, and of | various systems, but ina strange manner, for the different notes and 
led to grammatical | musical scales have been personified. 

is in itself 80 original, regular,{ Of the musical sciences nothing has been printed except quotations 
iscovered, philology has become | from Bharata’s ‘ Gandharvaveda,’ and from the works of Isvara, Narada, 
terature. The Indian i Pavana and Kalinatha in the commentaries to the dramas. But 
ancient people ; and they have a | several treatises, such as the ‘ Sangitaratndkara’ by Sarngadeva, the 
ion for this science, and have treated of it in number- | ‘ Ragavibodha’ by Soma, the ‘ Sangitadarpana’ by Damodara, the 
Tess writi: The first beginnings of Sanskrit grammar reach back to | ‘ Ragaméla,’ exist ‘at least in manuscript. (‘ Catal. Codd. MSS. Sanser, 
" remote times, and are included in the collected system of the | in Bibl, Bodl.’, Oxford, 1859, p. 199-201.) See also Colebrooke’s 
Velas i also as the authors of the copious Treatise on Metre (‘ Asiat, Res.’, x.), 
~* Upanishads.’ Here too we are alts to trace the gradual formation Rhetoric.—To the philological sciences belongs also the Indian 
of the science ; the system appears at once in its complete state in the | system of Rhetoric, or rather Poetry, in which the rules for poetic 
: agers Bed Aphorisms, of Panini, who certainly did not live later than composition are deduced, not from an principles of art, but from the 
the 1 of the 4th century before Christ, He takes notice of a existing classical works, with particular reference to the drama, the 


in general the system was the same, and they had the same technical printed the ‘ we ky Herma by Manmathabhatta, of Cashmere 
terms. The form in which Srammar is presented is one peculiar to the | (Calcutta, 1829), and ‘ Sthityadarpana,’ by Kaviraja (Caleutta, 1853), 
natives of India, and they apply the same principles to other sciences, | both of which belong either to the 12th or 13th century, - 


which are brought into the most concise forms of expression possible, | themselves in writing commentaries, particularly on the works belongi 
and the grammatical categories are expressed by a kind of figures or | to the Vaidie literature, to classic poetry, and to philosophy and 


7 Shee ns, They are intended to be committed to memory,and | grammar. The most important of the scholiasts with whom we are 

- without a ow sugge? they are unintelligible ; they are all connected | yet acquainted are Siyana, Mahidhara, Sankara, on the first mentioned, 
one with another. (Published at Calcutta, 1810; ‘at Bonn, 1840, by Mallinktha, on the more modern epic poems, and a host of others, 

PO, A severe criticism on this edition is contained in ‘the | The commentators have done good service in fixing and maintaining *a 


introduction to ‘The Manava-Kalpa-Sitras’ edited by Dr. Goldstiicker, | pure text, especially in the Vedas and the great epic poems. A 
: London, 1861. See also Lassen, ‘Ind. Alt.’ ii, 479 ff. ; Weber, ‘Ind. philological school was established in Bengal, upon a directly opposite 
ee, 199 ff.; Weber, ‘Ind. Studien,’ i, 141, ff; Miiller, ‘ Anc. principle, for they began to make editions of classical works, in which 
iW ; Cldste i 


Sanskrit Lit.’, p.'138, 156 tf , Om i 
den indiske Historia? Copenhagen, 1860, p. 72 ff) Panini is not meaning, but took the ee of entirely altering the expression. As 
«systematic, but indeed very arbitrary in his arrangement, which | we haye before mentioned, 
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* Ramayana; as well as of the ‘Sakuntals’ and othgr dramas. 
Vopadeva, a grammarian of this school, in a similar manner invented 
a new grammatical system, according to which he altered the technical 
expressions of PAnini, without in other respects ng in the smallest 
degree from this method. (‘ Mugdhabodba,’ outta, 1826, St. 
Petersburg, 1847.) 

Adronomy.—The oldest Indian astronomical documents are the 
calendars which are annexed to the Vedas, and which, according to 
Colebrooke, belong to the 13th century 8.c., but arg, at least in their 

t form, of much more recent date. They include a solar year 
of 365 days, and are so composed as to determine it correctly. Here 
alao we are unable to point out how the mathematical and astronomical 
sciences were tally d developed from such simple elements, as we 
possess them only in their perfected form. Assisted by the system of 
notation which discovered, the —— of ies aca a 
particular! n their methods of treating arithmetic an 
algebra, which kere had such influence on their mathematical studies 
that they, prefer solving geometrical questions analytically, just as the 
Greeks, on the contrary, solved arithmetical questions by geometry. 
« Lilivati,’ by Bhaskara, Calcutta, 1828 ; Colebrooke, ‘ Algebra of the 
Hindoos,’ Calcutta, 1817, 4to.), 

In the earliest works on Indian astronomy now extant, several 
different systems are apparent, and these systems have been treated of 
in five works, entitled ‘Siddhintas,’ which apparently contain the 
same theories which were afterwards successively extended and 
improved. Varihamihira, at the beginning of the 6th century a.p., 
compared them with each other, and other astronomers worked then) 
up again under different titles, each with the view of introducing into 
them his own th The most important of all astronomers that 

ed Varihamihira is Aryabhatta, who was the first to free himself 
com! ly from all mythological notions ; he was acquainted with the 
amotion of the earth about its axis, and estimated more accurately than 
Ptolemy the precession of the equinoxes. His work, ‘ Arydshtasata,’ 
an exhibition of his system in 800 Loh ag has not yet been recovered, 
Dut his abridgment of it, ‘ Dasagi , and another work, ‘ Aryab- 
hatttya, which in 4 chapters and 123 strophes contains his system of 
mathematics, are still extant. According to Colebrooke’s reckoning, 
the latest period at which he can be fixed is 478 a.p., and he may have 
Sived two or three centuries earlier ; and Whish (‘ Trans. Asiat. Soe.’, iii. 
2, 509), fixes the year of his birth about 502 a.p. By the researches 
of Weber (‘ Ind. Stud.’, ii. 236 ff.; ‘Ind. Lit.’ p. 221 ff.) and Lassen 
(Ind. Alt.’, ii, 1114-46) the question whether the Indian astronomy 
was entirely native, or whether it was constructed with the aid of that 
of the Greeks, has been finally settled in favour of Greek influence. 
Aryabhatta, who most probably flourished as early as the beginning of 
the 4th century a.p., availed himself largely of the progress which the 
Greeks (especially Hipparchus) had made in astronomy; and he not 
only improved upon their new theories and inventions, but added also 
the results of his own independent investigations. In algebra he made 
even greater progress than the Greeks. Astronomy has not been 
improved in India since his time; on the contrary, those who have 
come after him have not relinquished the false views consecrated by 
religion, but have endeavoured to defend them against him. This 
owas chiefly done by Brahmagupta, the author of the ‘ Brahmasiddhanta,’ 
in the 6th century a.p., who is the classical astronomer of the 
moderns, and whose track was followed by Bhiskara in the 12th 
century, in his work ‘Siddhintasiromani.’ Since one of the other 
Siddhintas, the Saryasiddhnta, has lately been edited in Calcutta 
(1559), and an excellent translation of the same has a in the 
sixth volume of ‘ The Journal of the American Oriental Society,’ (1860) 
p. 141-498, we bave the means to make ourselves acquainted with all 
the iar features of Hindu astronomy. (See several discussions 
“f Colebrooke in the second volume of his ‘ Essays,’ and an article by 

. %. Hall, on the ‘ Arya-Siddhinta’ in the ‘Journ. Am. Or. Soc’, 1. i. 
p- 556-64, 

Medicine.—There are many Indian works on medicine, and the 
systems are various. Many parts of the medical science of India are 
valuable even to us, as for instance the Materia Medica, in which they 
were touch favoured by nature. The Indian physicians were highly 
esteemed by the Greeks. In su especially they have made con- 
siderable , and have even discovered and performed difficult 
operations, as for instance the restoring of noses. The most cele- 
brated medical work, ‘ Susruta,’ has been printed (Calcutta, 1835, 
2 vols. Svo); and (‘ Materia Indica,’ London, 1826 and 1831), 
and more recently a! , (On the Antiquity of Hindu Medicine, 
London, 1837), and Wise (‘Commentary on the Hindu System of 
Medicine, Cale, 1845), haye done much to make known the Indian 
aystems of medicine, 

Natural History.—The observation of external nature still remains 
in a very low state among the natives of India, and they seem never 
to have made any progress even towards the commencement of a 

' scientific system of natural history ; at least no works of this kind are 


Study of Sanskrit.—The Sanskrit language was for many years con- 
sidered unattainable, but towards the close of the last century this 
study received a powerful impulse, partly from the necessities of the 
English government in India, and partly from a desire of knowledge 
among the learned of Europe, The study of the language having been 


<a a 
278 


SANTONIN. 


once commenced, its progress was extremely rapid, the acquisition of 
it being much facilitated by the previous labours of native gram- 
marians; and by the printing of a number of their most 
important works, a large of the literature became generally 
accessible, an advantage which most of the other oriental 
have not enjoyed. In India this progress has been connected with thi 
names of Wilkins, Jones, Colebrooke, Wilson, Mill, Prinsep, Roer, 
Hall, R, Mittra, Radhikint Deb. But Europe has not remained 
behind; and the rich collections of manuscripts in the possession of 
the East India Company in mer of ae ne at a cue ae 
Royal Lib at Berlin, and of the Imperi ibrary s, have 
ae larenentA sources, and perhaps more than sufficient compen- 2 
sate for the peculiar advantages enjoyed by India. In pa 7: the 
to Haughton 


study of Sanskrit was in the first place most indebted 
and n [Rosen, in Bro. Dry.]; it now counts among its Sanskrit 
scholars such men as M. Miiller, Goldstiicker, ecg ke M. Williams, 
and Aufrecht, In France, it was chiefly introduced through Hamilton — 

in 1804, and cultivated by Chézy and Burnouf, In however 
Sanskrit has experienced the most cordial reception, though at first, 
owing to the want of manuscripts, the study of it was £ oven ae ii 
the disadvantages. In that country, the knowledge of Sanskrit 
was chiefly diffused by A. W. von Schlegel and Bopp, both of be ra 
learnt it about the same time in Paris. At present there is hardly a — 
university or college that has not its chair for Sanskrit; and of the 
success with which it has been studied, the works of Lassen, 


Weber, Stenzler, Brockhaus, Benfey, Kuhn, and Spi give ant 

proof. Also in other continental countries scholars of 

eminence, such as Westergaard in Denmark, Boebhtlingk and e! 

in Russia, Regnier in France, Néve in Belgium, and Gorresio in Italy, 

have done much to promote and popularise the study of anciet 

Indian literature. ag 
For the practical study of Sanskrit we would recommend the 


following books :— ? «hal 
a, Dictionaries : Wilson’s, 2nd ed., Cale. 1832; 3rd ed. by Gold- 
stiicker (in the course of publication)); ‘Sanskrit-Wérterbuch, by 
O. Boehtlingk and R. Roth, St. Petersburg, 1855 ff. (in the course of 
publication) ; ‘ Engl. and Sanser. Dict.’, by M. Williams, Lond. 1851. 
6, Grammars : Wilson, 2nd ed., London, 1847 ; 


1845; Boller, ‘ Ausfiihrliche Sanskrit-Grammatik,’ Wien, 1847; __ 
Benfey, ‘ Vollstiindige Gramm. der Sanskrit-sprache,’ Leipzig, 1853, aa : 
his ‘ Kurze Sanskrit-Grammatik,’ Leipzig, 1855; Desgranges, ‘Gram- — 
maire Sanscrite-Frangaise,’ 2 vols., Paris, 1845; Oppert, ‘Gramm, PS, 
Sanscrite, Paris, 1859 ; Rodet, ‘Gramm. al dela Sanscrite’ 
Paris, 1860; Flechia, ‘ Grammatica Sanscrita,’ Torino, 1856. ; 
c, Readers : Johnson, ‘ Selections from the Mahabharata,’ London, _ 
1842; ‘ Sanskrit-Chrestomathie,’ by O. Béhtlingk, St. Petersburg, 
1845; ‘ Anthologia Sanscrita,’ ed. Lassen, Bonn, 1838; ‘Chresto- 
mathie aus Sanskritwerken,’ by Th. Benfey, Leipzig, 1853. eT 
d, Works on comparative Gri : Bopp, ‘Vergleichende Gram- 
matik des Sanskrit, etc.’, 2nd edit., Berlin, 1856-61, 3 vols. ; ated 
into. English, London, 1854, ff., 3 vols.; Bopp, ‘Glossarium Sanser.” 
Berlin, 1847 ; Kuhn, ‘ Zeitschrift fiir vergleichende Sprachforschung,’ 
Berlin, 1852 ff.,10 vols.; Kuhn and Schleicher, ‘ Beitriige zur 
Sprachforschung,’ Berlin, 1858-61, 3 vols,; many articles in a 
‘ Transactions of the Philological Society,’ “5 
SANTALIC ACID. [Sanrarr.] = * 
SANTALIN (C,,H,,0,,?). Santalic acid. The colouring matter of 
the Pterocarpus santalinus, or red sandal-wood. It was examined by — 
Pelletier in 1814, and is readily obtained b digesting ss nae rood 
in alcohol, and then diluting the clear polation val water, by which — 
the solution is precipitated of a beautiful red colour; it is tasteless, — 
nearly insoluble in water, but readily dissolved by alcohol, ether, 
alkaline solutions, and slightly by the oils of lavender and rosemary, 
The alcoholic solution of santalin gives different coloured precipi- 
tates with metallic solutions : thus with tin it gives a beautiful purple, 
with lead a violet, iron a deep brown, silver a reddish-brown. * 
Santalin reddens litmus-paper, and forms ill-defined salts with some 
Santalin, or rather the red sanders which contains it, is little used in 
this country as a dye stuff, but in India it is employed both in dyeing 
silk and cotton. It is used in pharmacy to give a colour to certain — 
tinctures, but the colour is not generally regarded as a permanent 


one. . ee : 
SANTONIC ACID (C,,H,,0, ?) Santonin. A vegetable principle pos- 
sessing acid properties obtained from the seeds of Sis A rheailcch banded: 
or southernwood. Its properties are, that it is colourless, i 4 
in six-sided prisms and some other forms, is destitute of smell,and — 
when long chewed is slightly bitter. It is soluble in 4000 to 5000 
times its weight of cold water, and 250 times when boiling, It is 
soluble in alcohol, and in the fixed and volatile oils, When strongly 
heated, it is decomposed. The aleoholic solution reddens litmus-paper, 
and with some bases it forms neutral and ecrystallisable salts ; ina 
the case with santonate of soda and santonate of lime; some of the — 
metallic santonates are soluble and others insoluble in water, None_ 
of them is applied to any use, © __ es 
SANTONIN, [Sanroxio Acip.] 
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SAP is & mode of executing the trenches at the siege of a fortress, 
when fhe besiegers arrive within such a distance from the covered- 
ay that the fire from thence becomes too dangerous to allow the men 


Sate. 
tee hee 


ion of 
the flying sap 
trench, which may be about 320 yards from the covered-way ; and it is 
_ executed in the following manner. 
If the distance from the depét of siege-materials to the place of 
the intended trench is not too great, every man carries two gabions, 
one on each side of him, or both slung at his back; he carries also a 
and a spade, and in the first case these ate fixed in the gabions, 
_ butin the latter he carries them in his hands. If the distance which the 
0 coo Rah pachirngs peg bw age would be too 
tating then each man carries on his shoulder one gabion toge- 
ith a pickaxe or a spade, ae oe ee one on each 
side has advantage of permitting the man to carry his musket 


tracing-line for the intended trench has been 
bions a few inches in front of that tracing- 
the row of Cp owe Reloe length 
portion of french to be executed by each 
or workman, is equal in to the space covered by two 
j(about 4 feet) : the men sit or otherwise keep themselves 
order is given to commence digging, and when the 
constitute the’ working party is than 
to every two gabions, those who have not 
robin #0 Work Fétive £6 & Bitle distance (iN they are required to relieve 
man may fill his two ons with earth in about a 
hour, and then they be proof against a musket 
lace where they touch each other ; after this the 
the trench is thrown beyond the gabions 
towards the fortress. During the acer of the work the gabions 
are pushed a little way outwards at the top, in order that they may 
the pressure of the earth which they are to retain ; 
sometimes crowned by two or three rows of fascines 
ina di 


el to the trench. 
If the work p by day , the parties are relieved 
every eight hours ; and a trench ex flying sap may, in soil of 


extent 


medium tenacity, be completed by three of men. 
When the approaches of the have advanced so near the 
covered-way that the fire of the defenders will no lo 


men H a + 
i n line of trench. 


mantelet (a plate of thick to usket-proof, and 

capable of tng ed forv Cy MARE IMac co mall eocle be 
a a 

there or e 

roller. This is a linder of 


2 


work, 6 feet long, and about 4 feet 

diameter, and ieee within it a of length, but about 
feet six inches a the axes twWo gabions are coincident, 
and the space between the exterior of the one and the interior of the 


fascines, by which means it is rendered musket- 
roller turning on its convex surface is found to be 
etek samtagtatte than the tonstelet ; and when it is intended to form 


over the parapet of the latter 
trench, and gradually lowered on the exterior side, being guided by 
means of a hook, so that it have a position dicular to the 
line of the intended trench. @ leading sapper of the demi-brigade 


parapet, and pushing the sap-roller forward 
an empty gabion in rear of that extre- 


mity of the sap-roller w! is nearest to enemy's work, in order 
that he may be covered on his flank: then kneeling behind the 
gabion, he excavates a portion of a trench, 18 inches wide, and as 


i bérme about 12 inches broad between the 
and the nescess Saar and throwing the earth 


the gabion. When ft tion is dug, the sap-roller is advanced 
about 2 feet farther, and mbion is set up in its rear, adjacent 
to the former, and in the line intended trench ; a short fascine 


or two sand full of earth), are p one above another in 
6 two Le ig po rder that a musket-ball may 

not be able to penetrate thro ile th est The mea 
: secon: a third 


| 


id gabion, 
inues to advance. 
, keeping a little way 
increases the width only h py 20 inches on 
earth into and beyond the gabi Th third son ilies ont 
and beyond t! ions, e 83] ows, and 
, the de only by 48 inches on a Began 

- meastired from rear side of the trench towards the gabions; and 
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the fourth sapper excavates a portion 3 feet deep, increasing the 
breadth of the trench towards the rear by 10 inches, By this arrange- 
ment the tasks of the different men are rendered nearly equal, and 
complete cover is obtained when the work of the third man is executed: 
The four men thus form a trench 4 feet wide and 3 feet deep, and a 
step is left on the side nearest to the gabions for convenience in 
standing to fire over the parapet. The working parties from the 
infantry of the line afterwards complete the trench by increasing the 
width to its usual extent, about 12 feet. 

Since the head sapper has the most dangerous post, thé second, 
third, and fourth sappers relieve him by alternately taking his place; 
and the work advances about 8 or 10 feet per hour, according to the 
tenacity of the earth. 

If the fire of the place should be considerably subdued by the 
action of the besiegers’ batteries, the full and flying sap may be com- 
bined in order to expedite the approaches. Thus a party of sappers 
advancing on their hands and knees, and rolling gabions before them, 
on arriving at convenient places set up the latter in line ; then two or 
three men, at ‘certain intervals from each other, dig pits behind the 
gabions, in order to get cover, and afterwards work towards each other, 
making a small trench, and filling the gabions with earth. The trench 
A meg gpd be made of the required width. 

When the distance to be passed over to the work attached becomes 
very small, the angle formed by the adjacent zig-zags becomes very 
small, or rather when 100 yards of the zig-zag does not carry the 
approaches so much as 32 yards in advance (those being the propor- 
tionate rates at which the single and double sap can be executed), then 
the line of trench is carried on directly towards the place, sometimes b 
asimple trench with traverses at intervals, and sometimes by what is 
ealled the double sap. This is performed by two squads or demi- 
brigades, who work parallel to each other, each being covered in front 
by its own sap-roller, and there is a third roller in rear of the small 
interval between the others. A row of gabions is placed on the right 
of the trench executed by one squad, and on the left of that which is 
executed by the other; the distances between the rows of gabions is 
about twelve feet, and traverses are formed in the trench at intervals 
as the work advances. These project alternately from opposite sides; 
so as to leave a serpentine passage along the trench. Hence this is 
termed the tine sap. There is however another form of double 
sap, called Jebb's, or the double direct sap, which is now adopted in the 
English service. This is formed by three brigades of sappers with four 
sap rollers in front. The three brigades work parallel to one another, 
and drive three saps straight forward. Traverses are formed as the sap 

, projecting alternately from each side like teeth and over- 

pping one another. The intermediate space is then excavated, and a 
covered passage is thus obtained. The distance between the parapets 
on each side is 22 feet, or the breadth of eleven gabions. 

SAP-GREEN, a pigment, prepared by evaporating the juice of the 
berries of the Rhamnus catharticus, or buckthorn, to dryness, mixed 
with lime. It is soluble in water, less so in alcohol, and insoluble in 
ether and oils. Acids redden it; but the alkalies and alkaline earths 
restore the colour. [Conovrinc Marters.] 

SAPOGENIN. [Escutre Actp,] * 

SAPONIC ACID. I apa Acrp.] 

SAPONIFICATION. [Farry Acrps.] 

SAPONIN. (C,,H,,0,,?) A colourless non-crystalline body, found 
in the soapwort (Saponaria officinalis) and.many other plants. The 
seneguin of Gehlen appears also to be identical with this substance. 

ponin is from the root of the soapwort by boiling alcohol 
from which it is deposited on cooling. It is inodorous, tastes at first 
sweet, then astringent, and finally acrid. It is soluble in water in all 
proportions, forming a remarkably saj us solution. It is almost 
insoluble in ether and in absolute alcdliol, but readily dissolves in 
dilute alcohol. Lime-water does not precipitate aquéous solutions of 
saponin. Introduced into the nostrils a very minute quantity of 
powdered saponin occasions violent sneezing. [Escunic Aci.] ~ 

SAPPAN WOOD. [Brazu. Woop. 

SAPPERS AND MINERS, ROYAL, formerly the name given to 
the non-commissioned officers and privates of the corps of Royal 
Engineers. The men and officers are now collectively termed the 
Royal Engineers, but in specifying any individual private he is termed 
sapper — of the — company of Royal Engineers. They are employed in 
building and repairing permanent fortifications, in raising field- 
redoubts and batteries, in making gabions and fascines, in digging 
trenches [Sar], and <a galleries of mines during sieges, and 
also in forming bridges of , boats, and pontoons. 

The troops belonging to the department of the engineers were first 
embodied at the termination of the war between Great Britain and her 
American colonies, and they then received the designation of Royal 
Military Artificers. The duke of Richmond, who was at that time 
master-general of the ordnance, formed them into independent com- 
panies, and caused them to be stationed chiefly at Portsmouth, Ply- 
mouth, Chatham, Dover, and Gibraltar. In the year 1807 the 
Military Artificers constituted a corps of 32 companies, each consist- 
ing of 126 men; and asub-lieutenant was attached to each company, 
which was placed under any senior captain of engineers who might 
happen to be where the company was stationed. But the want of a 
proper organisation, and of officers permanently attached to the troops, 
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After the failure of the attack on Badajoz, in 1811, it was pro 
to select some companies from the corps of Royal Military Artificers, 
and to form them into a body expressly for the purpose of executing 
field-works ; and in the following year this proposal was carried into 
effect. Lieutenant-General Mann, who was e inspector-general of 
fortifications, obtained permission to have ah name of ae py 

‘changed into that of Ro Sappers Miners; and lo 
Mulgrave then formed at Chathen’ the tnstitution at which the men 
have ever since been regularly instructed in all the duties connected 
with military engineering. The junior officers of engineers were at 
the same time appointed to act as the regimental officers of the com- 
panies. This institution has been from the first (April, 1812) under 
the direction of Colonel, now General, Sir Charles Lege Se an 
eminent officer, who as an engineer had previously distinguished 
himself in the service of his country. 

A detachment, consisting of 300 men, was sent, in 1818, to perform 
the duty of sappers and miners at the siege of St. Sabastian, where 
they rendered essential service. In 1814 a brigade of engineers was 
attached to every division of the army; each brigade consisted of a 
company of sappers and miners, with horses and carriages sufficient to 
convey the tools necessary for the work of 500 men; and five com- 
panies of sappers and miners served with the pontoon train, which 
consisted of 50 pontoons, with the forges, waggons, &c. The whole 

was under the orders of a brigade-major of engineers. 

m 1812 to the peace in 1814, the corps of sappers and miners 
amounted to 2861 men ; and during the hostilities in 1815, it consisted 
of 2421 men. At present it consists of 36 companies, and 4337 men, 
exclusive of officers; and, besides the regular course of instruction in 
sapping, mining, making gabions, fascines, &c., the men are taught the 
most en principles of fortification, the manner of drawing plans 
and sections o ey and, to a certain extent, the art of and. 
surveying. Several of the companies are employed in the colonies in 
the exercise of their professional duties; and of those which remain 
in this country, some are engaged under the officers of engineers in 
the mechanical operations connected with the ordnance survey of 
Great Britain and Ireland which is being carried on by the war depart- 
ment ; ies of the corps also regularly attend the Royal Academy 
at Woolwich and the Military College at Sandhurst, where they assist 
to execute, for the instruction of the gentlemen-cadets, the several 
works connected with the practice of field-fortification. It ought to 
be mentioned that the troops of the corps have invariably, in whatever 

of the world they have been employed, conducted themselves as 
intelligent men and steady soldiers. 

SARACENIC ARCHITECTURE, is the term usually applied in this 
country to what would perhaps be better named Mohammedan archi- 
tecture, since it embraces the architecture of all Mohammedan peoples, 
or Arabian architecture, from the race with whom it originated. But 
though the style may be traced back to them, the Arabians cannot be 
considered as themselves the inventors of it. They had in fact no 
distinctive style of their own, when the rapid spread of the religion of 
Mohammed and the conquests of his followers rendered neeessary the 
erection of numerous religious edifices, and called into existence a new 
style of architecture. Mohammed is-said to have built a mosque at 


Fig. 1. 


A B 


Medina, but it was a structure of the simplest kind, and he left no 
directions in the Koran for the guidance of his disciples in erecting 
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others. Hence, as has been often pointed out and is now generally 
admitted, the Mohammedans wherever they secured a standing adopted 
the architecture of the subjugated race. Thus in Persia we may 
clearly trace in Mohammedan bi the older Persian 3; in 
India (as was observed under Inpia, Arcurrecture of) that of the 
Hindus; in Spain the debased Roman or early Romanesque ; in Egypt, 
Syria, and Turkey, the Byzantine ; but everywhere this native character 
was modified and adapted, overlaid with a certain exuberant oriental 
fancifulness, imbued with Mohammedan feeling: in short combined 
with a new and foreign element, instead of being prosaically copied as 
it stood; and thus was rapidly evolved a distinct and well-charac- 
terised style. . 

What may be regarded as the typical varieties of the earlier 
Saracenic architecture are those which appeared in Spain in the 8th 
century of the Christian era, and in Egypt somewhat earlier: its later 
form appeared in Constantinople. In each of these a ing and 
distinctive feature is the horse-shoe arch. But this though a peculiar 
is by no a constant feature of the style, or used to the exclusion 
of other forms of arches. On the contrary there are several varieties, 
and among them is the pointed arch, which is already a well-established 
form in the mosque of Ahmed Ibn Tooloon, erected at Cairo in the 
9th century, and is of frequent occurrence in other Mohammedan 
structures erected in that city in the 10th century. The arch being so 
essential a characteristic of the style we give a few of its various forms 
in the annexed figures. 

Fig. 1 is an example of the horse-shoe form, having the centre ¢ on 
the diameter of the arch raised above the chord or spring of the curve 
(the dotted line), and consequently the curve itself is greater than a 
semicircle. The same figure further exemplifies some differences of 
application, the side or half a showing the arch supported on col 
the other without columns; besides which it illustrates other varia- 
tions; for on the side B the head of the arch is closed over a square- 
headed aperture not wider than the span or chord ; whereas on the 
side a the opening between the columns is as wide as the diameter of 
the arch itself in its greatest width through the centre ec. 

Fig. 2 is an instance of a pointed horse-shoe arch, it being struck 


Fig. 2. 


from two centres, which, as in the other case, are elevated above the ~ 


line of the impost, or spring, from which the curve commences. 


Ty 


Fig. 3. 


figure also exhibits two varieties of decorations, both of them by 
scalloping ; one half being scalloped on the intrados, or edge of the 


nm 
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arch itself; and in the other, the extrados, or outer circumference, 


being so cut, or more properly speaking, the edge of the face of the 
A I] within which the arch recedes : of which kind is the gate in what 
Fr ise aq 


the Casa del Carbon at Granada. 

_ The next example is of what may be called the cusped or scalloped 
arch, strictly so termed, the outline being produced by intersecting 
semicircles, similar to the trefoil-headed compartments in our Gothic 
windows; but beyond that general resemblance, which certainly goes 
some way to confirm the opinion that the Gothic style borrowed some- 
thing from the Saracenic, the character is altogether different, not only 
because it is here the whole arch which is so shaped, instead of merely 
a subdivision within a larger opening, but also both on account of the 
external moulding following the same form, and of quite a different 
mode of decoration. In Gothic architecture the spandrels, or trian- 
gular spaces between the foils, are panelled with splayed surfaces 
uniting in the centre. Arches of the kind here shown occur in the 
_ sanctuary of the great mosque at Cordova (8th century), where they 
rest upon columns which both in their capitals and shafts bear con- 
siderable similarity to Corinthian ones, except that they are shorter 
and without bases, and are therefore very different from the slender 
pillars peculiar to Arabian architecture. : 

Fig. 4 exhibits an example of such pillars, and also another.variety 


Fig. 4. 


of Saracenic arches (from the Court of the Lions in the Alhambra, 13th 


very unlike any of the preceding —— it being circular- 
ieeed and stilted, that is, it is considerably more than a semicircle, 


of being suspended over z 
aiier and the support or pillar slenderer in proportion to the projec- 
tion given to the corbels, , , 

The above will suffice to show the principal varieties, in which we 
have chiefly attended to the form of the arches themselves, without 
attempting to show detail and decoration, to which it would be impos- 
sible to do any sort of justice upon so contracted a scale, although it 
may serve for mere explanation. As supplementary however to what 
has been said, it should be observed as one characteristic of the style, 
that whatever their shape, or however applied, arches are generally 
placed within a square-headed or com ent, variously orna- 
mented, and frequently surrounded with a margin or border similar to 
the square in hic architecture, Sometimes there are two 
margins or labels, and the space between them is filled up either with 

ions or other decoration. pe eat ur gy ited was confined to 

large arches, not supported upon columns, but forming an opening 
through a wall, for cane or door ; and it was for such purposes that 
orse-shoe arch was chiefly used, rar for entrances to 

ished by the breadth and rich- 


sometimes equal to the radius or semidiameter of the curve. In some 
instances the whole archiyolt was uniformly decorated ; in others only 


at intervals, or on the alternate voussoirs or 
which may be obtained from 8, fig. 1. 

Pillars are commonly of exceedingly slender proportions, almost to 
apparent insecurity; but owing to the style of the embellishment 
this lightness of particular forms tends to heighten the general 
luxuriance. Some have imagined that this element of slenderness in 
regard to pillars indicates a tent origin of the style; and that while 
the pillars themselves were fashioned in imitation of the poles which 
supported the awning, the idea of the latter was in a measure kept 
up by the general decoration of various devices in mosaic work, and 
painted stucco, or glazed tiles, which gave to the whole the semblance 
of being covered with richly-patterned carpeting or embroidered 
tapestry ; not indeed in exact imitation or so as to aim at illusion, but 
with just that degree of adherence to a prototype which is observable 
in all artist-like architectural decoration. This tent-like character it 
has been suggested was further kept up by concave ceilings and 
cupolas, emblazoned with painting and gilding. The whole surface, 
in fact, was frequently broidered over with decoration, which consisted 
almost entirely of ornamental patterns composed either of foliage or 
geometrical figures, though occasionally with an intermixture of both. 
The decorations of the former class have given rise to the modern 
term Arabesques, as indicating scroll-work and foliage ornament filling 
up a frieze or compartment, although it is not very correctly applied, 
being usually intended to express a combination of animal and veget- 
able forms, Boece figures, and those of birds and quadrupeds termi- 
nating in foliage and flowers; whereas no such mixture occurs in 
Arabian architecture, all imitation of the human or even animal shape 
being interdicted by the Mohammedan law. Their geometrical pat- 
terns exhibit singular beauty and complexity, inexhaustible variety of 
combinations, and a wonderful degree of harmonious intricacy, arising 
out of very simple elements; to which must be added the variety 
produced by colour also, whereby the same arrangements of lines and 
figures could be greatly diversified. Hence though apparently quite 
unmeaning, and intended only to gratify the eye, such embellishment 
must have powerfully recommended itself to a people both imaginative 
and contemplative, and whose fancy would find occupation in patiently 
tracing and unravelling the manifold intricacies and involvements, the 
mazes of what at first sight looks like a mere labyrinth, until its 
scheme unfolds itself; but merely momentarily as it were, being again 
lost when attention is diverted from it to particular parts. It is on 
this account that Hessemer, Jones, and others who have paid special 
attention to the subject, assign so very high a value to Arabian decora- 
tion, as being strictly ornamental and strikingly characteristic. 

One very prevalent and very peculiar element of Arabian decoration 


arch-stones, some idea of 


| is the use of inscriptions evidently with reference to their ornamental 


effect. So far there is a very striking analogy between the practice of 
the Moslems and that of the ancient Egyptians; if the latter covered 
the walls of their edifices with hieroglyphics, the others inscribed theirs 
no less profusely with sentences; and the characters of their ordinary 
writing, elegant and fanciful in themselves, were as studiously ornate 
and calligraphic as possible; and so well do they harmonise with the 
rest, as to seem to belong to the embellishment, and to have sufficient 
value as such independent of their meaning. Neither was the effect of 
colouring and gilding wanting to set off the inscriptions in the most 
brilliant manner. The colours chiefly used were the primaries, red, 
yellow, and blue; the secondaries, except in the decline of the style, 
being only used in the lower and subordinate parts of buildings. The 
use of these colours appears to have been most profuse; gilding was 
also freely employed. In short, even by those who consider much of 
it to have been in false taste, architectural decoration must be allowed 
to have been carried by the Arabians to a very high pitch; and 
although it may be too florid, too prodigal, too inflated, and overlaid 
with ornament, it well deserves to be studied, as many ideas may be 
derived from it, for novel combinations both of forms and colours. 
And for such study ample materials are supplied by Mr. Owen Jones's 
splendid work on the ‘ Alhambra,’ and Hessemer’s ‘ Arabische Bauer- 
wierungen ;’ in both of which publications the plates exhibit the 
original colours, The general reader will hardly need to be reminded 
that Mr. Jones’s admirably executed Alhambra Court at the Crystal 
Palace affords a means of examining copies the actual size, made from 
casts taken by Mr. Jones at the Alhambra, of the finest and most 
elaborate examples of Moorish ornamental work at its most advanced 
stage ; but we may point out that the little ‘ Handbook of the Alhambra 
Court,’ written ty Mr, O. Jones, contains much valuable information 
on the principles of Saracenic ornamentation, and indeed on the second 
period of Saracenic architecture generally. 

Lattice or open trellis-work was another fertile source of embellish- 
ment, and was very much akin to the perforated tracery frequently 
met with in Gothic buildings. In this respect the~ two iy dad display 
great similarity of taste, distinguishing themselves herein from almost 
every other, notwithstanding that each has a peculiar character of its 
own. But in Saracenic architecture the interstices are smaller, and 
the design fills the whole of one aperture; whereas in the Gothic style 
the ornamental tracery is confined to the heads of windows. Besides 
which, the character of Saracenic tracery is altogether different, it 
being composed of straight lines, frequently so disposed as to form 
stars in some parts of the design. As far as an idea of the peculiarities 
of the style in this respect can be formed from a single specimen, the 
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j 
example here annexed (from Hessemer) of a portion of a window in | 
the mosque of Hakim at Cairo, may be of some assistance. The pattern 
i# rich and playful; and notwithstanding that, although regular, it 
appears at first sight to be rather complicated, will be found to be 
composed of merely a repetition of the same forms, yet producing a 
constant variety, according as the lozenge or the star is fixed upon by 
the eye as the centre from which the rest of the pattern diverges. 


Fig. 4. 


Of perforated battlements and parapets, this style furnishes some 
exceedingly rich and tasteful specimens. Several of them are exceed- 
ingly intricate and delicate also, and may therefore, almost without 
exaggeration, be compared to lace-ywork as seen against the sky. Of 
this kind are the parapets of the mosques Lashar and Akmer at Cairo, 
which in some parts have perforated battlements of fanciful outline 
rising above the general parapet of open-work. Curves, forming 
pointed horse-shoe arches, occur in some of the patterns ; further than 
this it is impossible to pretend to describe them, except it be to remark 
that the stone-work is very slender, and the open spaces large in pro- 
portion, and that the ribs or stems of which the former is composed 
have something the resemblance of being interwoven, one passing alter- 
nately before and behind the next, after the fashion of wickerwork. ” 

Equal fancy and diversity of invention are shown in the devices of | 
mosaics and payements, many of which appear exceedingly elaborate, 


| as the arch itself, is that of the dome. 
| in mosques and other religious edifices, but they are also usual in tombs. 


although, when analysed, they are fonnd to be very simple in prin- 
ciple: for instance, some patterns exhibiting octagons, stars, and other 
figures, are produced merely by series of zigzag lines intersecting each 
other at night angles, different combinations being obtained according 
as the points of the zigzag are turned from or towards each other. 
Among the other ornaments which mark this style, the honeycomb 
fretwork and stalactite-like drops, or pendents of ceilings and roofs, 
deserve to be mentioned : of these, the rich example in the Alhambra 
Court, a copy in full size of the stalactite roof of the Hall of the 
Abencerrages, but coloured and gilt in accordance with what Mr, Jones 
conceives to have been the appearance of the hall in its original state, 
will at once recur to the memory. Another characteristic form of 
ornament is that of the smai star-shaped apertures cut ina sloping 


| direction through the domes or vaults over baths, &c., for the purpose 
| of admitting only a subdued degree of light. 


The above are characteristic elements of the style generally. But 
there are others equally characteristic of the Asiatic varieties, though 
not found in the Spanish, Of these, a constructive feature, as striking 
For the most part domes oceur 


Domes were derived directly from Byzantine examples, and were there- 
fore pendentive in character ; but following the Oriental tendency to 
inflation and luxuriance, they were variously altered in size, appli- 
cation, and ornamentation, and ultimately in Persia, Turkey, and still 
more extravagantly in India [Inpia, Arcurrgoturer oF, col. 848] 
assumed a bulbous form, thus losing sight of the mathematical prin- 
ciples which render the dome so constructively simple an architectural 
feature. [Dome.] Moreover, instead of being employed singly, domes 
were sometimes used in great profusion, there being, besides the prin- 
cipal dome, a number of subordinate ones, sometimes according and at 


| others contrasting with it in shape. Minarets are another characteristic 


feature in the Asiatic varieties of Saracenic architecture; but for an 
account of them it will be enough to refer to the article Mrnarer. 


| The long and slender forms of minarets being opposed to the swelling 


curves, of domes, contributed not a little to that picturesqueness of 
outline which is so striking in buildings of later Saracenic style. 
The cut of the At-Meidan at Constantinople, given under Mosquz, will 


| serve as an illustration of the multiplication of domes and the appli- 


cation of the minaret, whilst the artigle itself will furnish some general 
information on the subject of mosques. 


We may now briefly notice a few of the more characteristic existing 


4 
eet"! 


Mosque (Cathedral) at Cordova. 


examples of the style; beginning with those of Spain. Of these the | 
oldest isthe mosque at Cordova, which now serves as the cathedral of 
that city. It was the earliest structure of any importance erected by 
the Moors in Spain, having been commenced by the Caliph Abd-el- 
Rambhan, in 786 a.p., with the avowed intention that it should surpass 
in splendour the mosques of Baghdad, Damascus, and Jerusalem. It 
was completed in 796. Like all early Saracenic work it is characterised | 
by a certain severity and massiveness {of style. Byzantine architects ' 


are said to have been specially invited into Spain to superintend its con- 
struction. In its plan the original building bore a general resemblance 
to a basilica, but it was greatly altered about the close of the 10th 
century by El Mansour, who converted it into a parallelogram by 
adding eight aisles to the eastern side. As it now stands it is an insu- 
lated oblong building, extending 620 feet from north to south, including 
a spacious court at its north =a or side, The interior presents almost 
a forest of jasper and other marble columns, upwards of 600 in number, 


; 
] 
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and dividing the plan into nineteen aisles in one direction (350 fect in| ‘The earliest of the Egyptian buildings of which any portions re- 
1 d thirty-five in the other. But it is disproportionately low | main is the Mosque of Amrou at Old Cairo, begun about a.v. 642, 
_ ith its t extent, the height to the roofs being only | but greatly altered, if not rebuilt, about 60 years later. It is a nearly 


ed with it 
feet. The arches are carried u) eolumns without entabla- 
ail 


ats for mere Oriental hyperbolism, were it not that the evidence 
afforded by the Alhaabra, and by parts of the Alcazar at Seville, 


removes the ° ; or rather, the exuberant 
beauties revealed to us by the structures greatly surpass apy- 
the most flori ion can pi to the min 


description 
Alhambra, the residence of the Moorish kings of Granada, is 
Cone sat pl dlggee to have been founded by Mohammed Ibn Alhamar, 
the first , who reigned from 1238 to 1273; according to others, 
was begun by his successor Mohammed IL (1273-1302), or by Nasser, 


Hassemer, but also in many drawings and 
i Lewis, and other able 


Palace at Sydenham. Here therefore it need only be noticed 
and peonalis it is described, with cuts, under ALHAMBRA, in 
The Alhambra was a fortress palace, the outer-walls of which enclosed 
ea 2500 feet long and 650 wide. Its superb palace has suffered 
alike from wilful destruction and from neglect, yet its ruins are among 
ost romantic and most interesting in the world. What is left of 
t two great courts or halls and several of smaller size. Of 
these the richest and most impressive is the Court of the Lions, which 
anges fee Sent, torn seek to wats ev! #6 OO feet wide : yet impressive 
gorgeous as it must haye originally appeared, it is 

really composed of only the most seemingly fragile materials—woo 
general character and ap; ce will be best 
understeod by the reproduction at the Crystal P. ; but it must be 
remembered in looking at the copy that whilst the original is of much 
arger size, the central fountain, from which it derives its name, is, in 
h, of the same dimensions, On each side of the Court of the Lions 
is a much smaller apartment, that on the north being known ag the 
Hall of the Sisters, while on the south is the gorgeous Hall of the 
Aumeeremen Tebrod goed of the actual dimensions by Mr. Jones at the 

Crystal P: 
of 
and 


Mit 
i 


Crystal | . At the east end stands the Hallof Judgment. Before 
the Hall of the Two Sisters are the Baths. West of the Court of the 
at right it, is the second great court, ones the 

ere 


for the cold and formal palace 
t ing the Court of the Alberca. The archi- 
een the interior, én which almost exclusively the 

id ornament is lavished, has been already spoken of, and the arches, 
pillars, tracery, diapering, &c., described, Alhambra is considered, 


e been mere voluptuous excess, and that the decline 
ings pth ell aigh yi ee > i Gein which a 

are numerous in ° n which were occu 
by the M and some of them are of considerable t is 
noteworthy, er, that the only approximation to a minaret, or to 
ay of those light and lofty forms in which the Saracenic architects of 
the Bast |, is found in the Giralda at Seville; and this bears 


i resemb) to an Italian campanile, it being a square of 45 feet, 
Seema adicdinisied to » height of 185 feet : the upper and smaller 
m was aided in 1563, 


square building about 390 by 360 feet, surrounded on each side by 
colonnades or arcades, the columns of which, 245 in number, were 
taken from Byzantine and Roman buildings. The arches, as is usual 
in arcades in the Saracenic buildings of the East, have tie-beams, in 
this instance of wood. Of the original ornamentation little is left. A 
more important example of the style is the great mosque erected by 
Ibn Tooloon at Cairo, towards the end of the 9th century, and which is 
still in a state of tolerable preseryation. Like the preceding, it is 
a nearly square structure, the outer walls being 455 feet by 390; the 
great court, nearly 300 feet square, is said to have been designed by a 
Byzantine architect. Like all early Mohammedan buildings, it is built 
entirely of brick covered with stucco, and all the rich interior orna- 
mentation is of stucco. The arches of the colonnade surrounding 
the great court are of the pointed horse-shoe form, and are borne on 
massive piers with attached shafts at the angles. The windows, 
mostly of pointed horse-shoe arches, are all filled with the pierced 
tracery described above, which is not only singularly graceful in design, 
but the effect of which is described as exceedingly cool and pleasing in 


such a . Other mosques in Cairo afford very interesting speci- 
mens of this style of architecture of a later date ; as that of Barkook, 
erected about the middle of the 12th,century, which has a fine dome, 


a lofty and very elegant minaret, and other ornamental features, and 
in which the pointed arch is employed with as much facility as in 
a Gothic cathedral. But a far more imposing building is the mosque 
of Hhasaneyn, or Hassan, which is of great size and height, very 
massive in construction, and is crowned bya noble dome and two very 
handsome minarets, each 280 feet high. The mosque of El Moyed, 
erected in 1415, is remarkable for the richness of its interior. 

For the fall of the Moorish dynasty in Spain, the Mohammedans 
were to a certain extent recompensed by the conquest of the great 
Christian city and territory of Byzantium; and from that time dates 
a new variety of Saracenic architecture which had its origin in Constan- 
tinople. On the capture of Constantinople, Santa Sophia was con- 
yerted by the conquerors into their chief mosque, and made their 
architectural model. The older Saracenic style indeed continued to be 
the basis of the new, but it was modified throughout by the Byzantine 
influence. The dome became a more and more prominent feature ; 
ornamentation was applied with more economy, more grouped and 
massed, more simplified and less diffused. But the old Eastern exu- 
berance found vent in various ways, while the taste and energy which 
served at once to direct and control it, became less and less apparent, 
and the style steadily deteriorated, though as long as vitality lasted, it 
exhibited gleams of a rich quaint fancy. The first mosque erected in 
Constantinople was built by Mahomet II., the conqueror of the city; 
and a large mosque is still shown as his ; but very little remains of the 
original fabric. More perfect is the great mosque erected about the 
middle of the 16th century by Suleiman the Magnificent. Avowedly 
an imitation of Santa Sophia, it is yet larger, richer, and to an archi- 
tectural eye, superior in form, the dome especially being higher and 
better proportioned. The great mosque, called At-Meidan, erected 
by Achmet in the first half of the 17th century, is remarkable among 
other things for its array of cupolas and its minarets. No less than’ 
thirty small domes surround the outer court, each bay of the arcade 
being surmounted by one. The mosque proper has a well-proportioned 
great dome (80 feet in diameter), flanked by four smaller domes, while 
(as will be seen from the cut in the article Mosqux), several other 
small domes occur in different parts of the building. In this, as in the 
other Constantinopolitan mosques, the columns which support the 
horse-shoe arches of the arcades are fastened together by iron tie-rods. 
The great dome of this mosque is borne on four immense piers, which 
are faced with marble. The minarets are of very graceful form and 
proportions. The yarious ornamental details are pure in character, 
whilst they, as well as the general form of the building, show almost 
entire freedom from Byzantine taste. But this was the last great 
effort of Turkish architecture. European artificers soon after this 
began to be employed, and European fashions to be imitated, and the 
native style became proportionally debased. 

8. CENS, a name improperly given by the Christian authors of 
the middle ages to the Mohammedans who invaded France and settled 
in Sicily. Concerning the etymology of this word there have been 
various opinions, Du Cange (‘Glossarium,’ ». ‘ mi’) derives it 
from “Sarah,” the wife of Abraham; Hottinger (‘ Bib. Or.’) from the 
Arabie word saraca, which means “to steal, to plunder.” Forster, in 
his ‘Journey from to England,’ derives it from sahra, “a 
desert.” But the true derivation of the word is sharkeyn, which 
means in Arabic “the Eastern people”—first corrupted into Saraceni 
(Zapaxnvol) by the Greek, and thence into Saraceni by the Latin 
writers. Stephanus Byzantinus says that ‘Saraka is a region of 
Arabia, adjoining the Nabathwi, and the inhabitants are called 
‘Saraceni”” Ptolemy (vi. 7) makes Saraka a city of Arabia Felix. 
The name Saraceni occurs in Pliny (vi, 28), and it seems that it began 
to be used about the 1st century of our era, and was applied to the 
Bedouin Arabs who inhabited the countries between the Euphrates 
and the Tigris, and separated the Roman possessions in Asia from the 
dominions of the Parthian kings. The description of the Saraceni by 
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Ammianus Marcellinus (xiv. c. 10) exactly a with the habits 

of the Bedouins, In course of time it became the generic name of all 

the Arabian tribes who embraced the religion of Mohammed, and 
their conquests over the portion of Asia and Africa. 

SARCOCELE (from edpé, fi and «#An, a tumour) is the name of a 
disease by which the testicle becomes altered from its natural structure 
and converted into a hard flesh-like substance. The term however is of 
such general import, thet there are few diseases of the testicle which 
may not be included under it; accordingly the older writers called all 
indurations and enlargements of this organ sarcoceles, whether they 
were of a benign or of a malignant nature, In modern phraseology the 
term is restricted td certain chronic enlargements and indurations of 
the body of the testis, of a perfectly benignant character, but incon- 
venient on account of their size and weight. These swellings may 
continue for years without undergoing any visible change, or a sudden 
imerease in their bulk may arise, and the testicle be converted into a 

i , ulcerated, and incurable mass of disease. Sarcocele may be 

ingui »from hydrocele, the disease, which most nearly resembles 
it, by its hardness, weight, and want of transparency; but occasionally 
the two diseases are met with together, and this compound affection 
is called hydrosarcocele. With respect to the treatment of sarcocele, 
various and rather opposite remedies have at times proved successful. 
When the enlargement is accompanied by pain or any degree of inflam- 
mation, leeches, hot fomentations, vets poultices applied externally, 
with the administration of an emetic, and the adoption of a gen 
antiphlogistic regimen, would seem to be indicated. When the disease 
is al er chronic, stimulating lotions, liniments, or ointments may 
be ied to the swelling. In either case, the use of a suspensory 
pate we or truss for the support of the part should not be 
If these means fail in arresting the progress of the disease, 

extirpation of the gland must be had recourse to. 

SARCOCOLLIN § (C,,H,,0,,!). A gummy matter, extracted from 
the sarcocolla of commerce, the dried juice of the Penea mucronata. 
Tt possesses a sages but feeble odour, and a bitter-sweet taste. It is 

ingly soluble in water, but readily so in alcohol. Nitric acid trans- 
forms it into oxalic acid. 

SARCOMA isa morbid tumour whose tissue is fleshy and moderately 
firm. Several species of sarcoma were described by Mr. Abernethy in 
his ‘ Classification of Tumours, such as the common vascular sar- 
coma, the adipose or fatty kind, the pancreatic, the mammary, &c. 
Some of these still retain the same names, but in general the term 
sarcoma has no other meaning in surgical works than the indefinite 
one already given, and includes all fleshy tumours that are not 
cancerous, or medullary, or melanotic. [Tumour. 

SARCOPHAGUS, a'word derived from the Greek signifying jlesh- 
eater, but used to designate any kind of coffin, especially large ones of 
stone. This name was given from sarcophagi being originally made 
of a kind of stone from Assos in Mysia, supposed to be alwmens chisti, 
or a kind of pumice stone, which was fabled to consume the entire 
body, with the exception of the teeth, in the s of forty days. 
(Pliny, ‘ N. H.,’ ii., 98, xxvi. 27.) The term was, however, applied at 
the time of the Roman Empire to all kinds of stone coffins. (Juyenal, 
x., 172; Dig., 34, tit. i, 5. 18, s. 5; ‘ Orellius Inscript.,’ Nos. 194, 
4452, 54.) The earliest sarcophagi are the Egyptian, called in the 
hieroglyphs teba, or chest, and found from the time of the pyramids 
[Pynamips] till the lst century a.p. Those of the early dynasties 
were sculptured in shape of a square chest, or edifice, and left plain 
or ng my ve with two pep tad. eg orang Amat of the 
18th and following dynasties were of di t , the most usual 
being that of an Egyptian mummy swathed, dividing into two parts 
lengthwise, the cover formed by the front, and the chest by the back 
of the figure—the two fixing by mortices and grooves, holes for which 
were cut in the stone. The coffins of this period were principally of 
red te, and ornamented with inscriptions or scenes relating to the 
myth of Osiris, or the of the Sun through the lower hemi- 
= , or regions of the night and darkness. The most remarkable of 

is period are the arragonite or oriental alabaster sarcophagus of 
Seti L., in the Soane Museum, and that of Rameses IIL, in the Louvre, 
= cover of Pyrenees Soe ire wean ace at Cambri At 

e period o' lynasty, the sarcophagi were gene: made 
of basalt; although a coarse Meosly ie, novel yn laee marble was 

i i ic legen i are often 
extracted from the Ritual of the Dead. The last of the royal 
phagi is that of Nekhtherhebi, or Nectanebes L, in the British 


sarco 
Museum, made of a fine breccia, and sculptured with scenes of the 
passage of the Sun. This was formerly at Alexandria, and supposed 
u very insufficient grounds by some to have been the tomb of 

exander the Great. Recent discoveries have shown that the 
Phoonician kings were buried in sarcophagi of basalt or alabaster, of a 
mummied shape like the Feyptians, although different in treatment 
and art. The most remarkable of these is that of Esmunazar, king of 
Sidon, inscribed with a long Phoenician inscription, and supposed to be 
pony ab bei “Seg 7 monarchs were also buried in sarco- 

¥ one of those of the kings of Judah, a plain rectangular ch 

decorated with a simple ai Cpoemnan of a branches, is in the 
Museum of the Louvre, Rude sarcophagi were also used by the 
Lycians and other Graeco-barbaric mae of Asia Minor, 

In Asiatic and European Greece many sarcophagi have been found, 


but few, if any, earlier than the Roman Empire, and generally of the 
Sestrael in the Hecron. colemitig: pisuilieg elcnsoicageher Cult 
discovered in the Roman colum ing 6 chests 
about 8 feet long, 3 feet high, and as many broad. The covers are 
often in shape of a pent roof, or ornamented with fi of the 
deceased in full relief. They are richly decorated with bas-reliefs, at 
an earlier period, of many figures represen mythological subjects, 
but at a an with festoons of flowers, fruit, and arabesques, with 
small figures. A still class than the Greek are the Etruscan, 
none of which, from their style of art, seem older than the middle of 
the 4th century B.c., and are made of peperino, alabaster, or terra- 
cotta, generally having on their covers a full-length recumbent 

of the deceased leaning on the elbow as if on a couch at a feast. : 
chests are decorated with reliefs, repfesenting Greek myths, treated in 
the Etruscan manner, with the names of the represented in 
the Etruscan . Those found in the tombs of Volterra and 
Chiusi are of arragonite or marble, of small dimensions, about 14 inches 
long by 3 inches broad, and 1 foot 6 inches high, and are rather 
cinerary urns, as they contain only the ashes of the dead. The Roman 
sarcophagi, at the time of the republic, appear to have been 


architectonic chests, as shown by those of the Scipio family, but under _ 


the empire they became more richly ornamented, like the Ei 
with recumbent figures on the cover and bas-reliefs of caythaloaieal 
subjects, allusive to the life or death of the person buried, as Prome- 


eral | theus, Orestes, and Ganymede. These sarcophagi continued till the 


6th and 7th century, when arabesques were introduced, and two 
remarkable ones of the first period of Christian art are those of St. 
Constantia and St. Helena of red porphyry, ornamented with bas- 
reliefs, representing triumphs and processions, at present in the Vatican. 
At a later period Christian sarcophagi are ornamented with subjects 
taken from the Old and New Testament. Stone chests or sarcophagi 
were also used for interment Led the Gaulish tribes, and their use for 
the sepulture of distinguished persons has been continued till the 
present day. 

(De Rougé, Monuments Egyptiens du Musée de Lowvre, 8vo, Paris, 
1855; Duc de Luynes, Le Sarcophage d’Esmunazar, 4to, Paris, 1856 ; 
Micali, Storia d’ Italia, Fir., 1832.) 

SARCOSINE (C,H,NO,). An organic alkaloid, belonging to the 
same class of bodies as urea and sugar{of gelatine. It is 
adding hydrate of baryta toa boiling saturated 
On filtration a colourless liquid is obtained, containing caustic baryta 
and sarcosine. Through this liquid a current of carbonic acid gas is 
passed whilst it is gradually heated to boiling. The filtered liquid 
becomes syrupy on evaporation, and finally deposits large i 
leaves of sarcosine, which is purified by conversion into sulphate, 
agitation with alcohol, solution in water, and final treatment with 
carbonate of baryta. The filtered liquid being then evaporated u 
the water-bath deposits of pure sarcosine, which are colour! 
and transparent, en soluble in water, slightly so in alcohol, and 
insoluble in ether. They fuse at a temperature somewhat above 212°, 
and volatilise without residue. 

Sarcosine! is isomeric with lactamide, urethane, and alanine. It does 
not affect vegetable colours, but forms salts with acids. The sulphate 
of sarcosine has the formula C,H,NO,, SO,HO + aq., that of the 
double platinum salt is C,H,NO,, HCl, PIC], + 2aq. The solution of 
the sulphate reacts strongly acid. 

SARDONICUS RISUS, a convulsive affection of the muscles of the 
face, in which the lips are drawn involuntarily apart, so as somewhat 
to resemble the expression of the countenance in laughter. The name 
is derived from a species of ranunculus that grows in Sardinia, called 
Herba Sardonica, or Sardoa, which is said to produce this affection in 
those who eat it. 

Risus Sardonicus is observed as an effect of certain vegetable 
consign aap as = ripe “ sceleratus - Linnzeus, et itewe 5 

uently met with as one of the jptoms of tetanus, or -jaw, 
or as an Arora tos on other conveys. affections, : 

The term is ‘employed figuratively to denote that forced laugh by 
which persons sometimes endeayour-o conceal their real feelings. 
SAROS, NEROS, SOSOS. These names are from the fragments 
left of Berosus, who says that the Chaldeans had three astronomical 
periods so called, the saros of 3600 8, the neros of 600 years, and 
the sosos of 60 years. Of the two latter we know nothing more, and 
as to the saros, the duration given by Berosus is either entirely wro! 
or else subsequent writers have taken another Chaldean period, which 
is neither of the three above, and applied the term saros to it. Geminus 
(ch. 15) mentions that the Chaldeans had found a period of 669 
months, or 19,756 days (so the text stands after an emendation by 
Bouillaud). Ptolemy mentions the same period, and Pliny (lib. ii, 
c. 18) remarks relative to it, that eclipses return again after a period of 
223 (the third of 669) months; but the text here again was corrupt, 
until Halley (‘Phil. Trans.,’ No, 194) restored the true reading, which 
was afterwards confirmed by manuscripts. To complete the mis- 
fortunes of this period, Suidas has the word Saros, but it was omitted 
from his Lexicon either by mistake or faultiness of manuscripts, until 
Dr, Pearson restored it (‘ ‘Exp. of the Creed,’ 1683, fol. 59, according to 
Weidler), and even then it gives 222 months instead of 223, which 
was again corrected by Halley. In the time of Riccioli, Geminus and 
Ptolemy were the authorities cited on this period, and the name Saros 
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was not apr to it. Many writers (Costard for example) confound 
it with the ic period of 235 lunations, which is a totally different 
: g: others again, as Geminus, and even Riccioli, appear to consider 
it.as a period for the determination of the lunation or month; and 
perhaps the assertion made by some others, that the Chaldeans were 
ion of the Metonie cycle, may be another confusion between ] 
Ueadlatter sna the saros. 
‘Leaving the authorities on the subject, we know [Moon] that 223 
average intervals between full moon and full moon make up very 
nearly 242 nodical months, or passages of the moon from one node to 
_ the same again. Now since -the eclipses entirely depend upon the 
manner in which the full and new moons take place relatively to the 
‘node, it is obvious that if 223 lunations were exactly 242 nodical 
_ months, and if the sun’s and moon’s orbits were truly circular, and 
their motions uniform, all the eclipses of one set of 223 lunations 
would be produced again precisely in the same order during the next 
223; thatis, if there were (say) an eclipse of the sun during the 47th 
- Junation, reckoning given full moon, there would necessarily be 
another in the (47 + 223)rd, or the 270th lunation, and so on. ; 
_ All these suppositions are near enough to the truth to make this 
sequence of onan very nearly take place. For since 223 lunations 
make 241°029 sidereal months, 238°992 anomalistic months, and 
241-999 nodical months, itis obvious that at the end of a saros the 
moon is in the same position with respect to the sun, nearly in the 
same part of the heavens, nearly in the same part of her orbit, and 
nearly indeed at the same distance from her node as at the 
the period. Now 223 lunations make 6585°32128 days, 
hours, 42 minutes, and 38 seconds; or 18 years (of 
365 days), 15 7 hours, 40 minutes, and 38 seconds. Consequently 
saros of five leap years is SS ery Sa Sars: are one of four leap 
days, nearly. The dean period is 6585} 
ons they appear to have put together three 
making 19,756 days, and 669 lunations. From what has 
said above, it t be inferred that the rotation of the moon's 
is made in nearly a saros; and in fact that revolution does take 
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observed, however, that the end Me each saros is not in 

of the day as the beginning, which is of consequence as to 
ipses, tho Sam bios Saad lansie,. iok Ml. enone: does 
iod affect the former. For a saros contains 
241°998659 mean nodical revolutions; so that if the moon be in her 
node at the beginning of a saros, she will want °001341 of a revolution 
of being in her node at the end of it. This is about 29’, nearly the 
moon's diameter, which makes it sometimes happen that a lunar 
eclipse which takes place in a certain lunation of one saros does not 
take place in the same lunation of the next, and very often causes the 
same as to a solar eclipse. And the effect must be that at last the 
of any lunation is , by the accumulation of these | 
errors of 29’ each time. Nor do the circumstances of one saros pre- 
cisely resemble those of another until a longer period of about 746 
such periods has elapsed. But in the same manner that eclipses are 
removed out of one lunation by the inexactness of the period, they are 
-earried into another. There are about 70 eclipses in each saros, 30 
lunar and 40 solar. 

The Metonic cycle of 235 lunations gives 255°021 nodical months, 
which is not near enough to a whole number to produce anything like 
a return of similar eclipses. But it is, as explained [Moon], near 

to an exact number of years to restore the full moons to the 
same days of the year, or the preceding or following days. The 
Metonie cycle is a chronological*period; that is, portions of time 


is to 
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measured from a given , and each equal to 19 years, are used in 
chronology. But the Saros is not a chronological period, but only a 
portion of time with any arbitrary commencement. Hence the student 


must not look in works on chronol 
(Riccioli, Alm. Nov. ; Weidler, 


for any information upon it. 
ist. Astron. ; Bouillaud, Astron. 
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_ Buchner’s ‘ 
determination, if 
‘tree is an ient in the famous woorary poison. Sassafras nuts 
produce of one or two species of Nectandra. The 
_ bebeerine, portant anti-febrile medicine, is the bark of Nectandra 
_ Rodici (Schomb.). It is a constituent, probably, along with quinia, of 
Warburg's fever drops. The root is the officinal in the London 
; but the whole plant possesses aromatic odour 
common to the Laurinec, and some assert that the bark of the stem 
and branches is than that of the root; but this seems to be 


+ confounded with the 


sometimes 2 feet long, and from the thickness of an arm to half a foot: 
in diameter, irregularly bent, knotty, and with a light, soft, porous: 
wood. The bark also occurs detached from the wood in pieces two or 
three inches long, from one and a half to two inches broad, sometimes 
rolled outwards, but more generally curved inwards; of a dirty grey 
or brownish colour externally, and a fungoid surface of a reddisit 
colour internally. The taste is sharp, acrid, aromatic, and, as well 
as the odour, resembles fennel. 

The chief constituents are: volatile oil, resin, and extractive. The 
oil is the most active. It may be obtained by distillation. Ten pounds 
of the root yield two and a half drachms. The specific gravity is: 
1-094, It consists of two oils, separable by water, in which the one: 
floats and the other sinks. By time or a low temperature, it deposits: 
a stearopten, or crystals of sassafras camphor. 

Sassafras acts as a stimulant to the circulation, especially of the 
capillaries, causing an increased secretion from the skin, if the person: 
be kept warm, or from the kidneys, if cool. Should these organs fail. 
to be influenced by it, heat and general excitement, with headache, are: 
the results. It is of unquestionable utility in gout and rheumatism,. 
but its activity is generally destroyed by the improper mode of admi- 
nistering it. Decoction dissipates the volatile oil, and is a most objec- 
tionable preparation. Infusion or a tincture may be used, or the: 
volatile oil rubbed up with sugar. Other species of Sassafras are used: 
in India and Java. Sassafras tea is sold in the streets of London under 
the name of saloop. 

SATELLITE (satelles, an attendant soldier or guard), a name givert 
to the smaller planets which accompany and revolve round the larger’ 
ones. With this exception, that the rotation of a satellite round its: 
own axis is made in the same time as its orbital revolutiom vound its: 
primary, in every case in which it has yet been fully made out that: 
there is a motion of rotation, there seems to be no circumstance which 
can be pointed out in which the satellites have any distinctive pecu- 
liarities. The earth has one satellite [Moon], ¢Juprrer has four,, 
Saturn eight, Uranus six (according to William Herschel), though 
the existence of four only has yet been established, and Nreprune: 
one. See also Gravitation, Souar Sysrem, AsTRONOMY, 

SATIN. [Srx.] 

SATIRE is property 8 species of Roman poetry, and must not: be 

ityric drama of the Greeks. The Latin word 
Satura or Satira appears to have originally signified a collection of 
various things, and accordingly this name is applied to food composed. 
of various ingredients, and also to a law consisting of several distinct: 
particulars of a different nature. (Festus, s. v., Diomed. iii., p. 483, edi. 
Putsch.) The Roman satire is first mentioned as a kind of dramatic: 
performance (Liv. vii., 2), and appears to have been, like the early- 
Atellane Fabule, only a rude improvisatory farce, without dramatic: 
connection, but full of raillery and wit. This species of composition: 
arose from the practice, which has prevailed in Italy from the earliest. 
times to the present day, of the country people making rude extempore- 
verses in ridicule of one another at various festivals, and especially at: 
the time of the vintage. Such were the Fescennini verses, which: 
Macrobius tells us (‘ Saturn., ii., 4) were sometimes written as satires: 
upon persons, The old dramatic Sature continued to be performed: 
on the Roman till a late period, under the name of Exodia, which: 
were laughable interludes in verse, and were performed between the: 
different Atellane plays. 

The name of satire was afterwards limited to a species of poetry” 
peculiar to the Romans, in which Ennius is said to have been the first 
writer. The satires of Ennius appear to have been so called because: 
they were written on a variety of subjects, and in many different: 
metres ; but as hardly any fragments have come down to us, we know’ 
very little of the subjects of which they were composed. Lucilius: 
however was the first who constructed satire on those principles of art: 
which were considered in the time of Horace as essential requisites in: 
a satiric poem, Lucilius principally used the hexameter metre, which: 
was afterwards almost exclusively employed by the satiric poets. His: 
poems were not only satires upon the vices and follies of mankind in: 

eral, but also contained attacks upon private individuals, They 
formed the model on which Horace wrote his satires. His easy temper 
and happy disposition, as well as the principles of the Epicuream 
philosophy, led him to attack the foibles and follies of mankind in a, 
style of playful raillery, which forms a striking contrast to the severe: 
invectives of Juvenal. The increased corruption of morals at Rome: 
under the early emperors, and the cruel punishments which had been 
inflicted by Domitian upon the ‘wise and the good, naturally led’ 
Juvenal to attack the vices of his age with severity and vigour. The 
works of the other Roman satirists are lost, with the exception of 
Persius and a few verses on the banishment of the philosophers by 
Domitian, which are ascribed to Sulpicia, who is supposed by some 
writers to be a contemporary of Tibullus, and by others of Ausonius. 

SATISFACTION (in Law), is said to exist where a party, having 
a right of action, accepts from the party against whom he has it, a 
certain and valuable thing, or the performance of a certain and bene- 
ficial act, in lieu of his right of action. If the action is afterwards 
brought, the satisfaction may be pleaded in bar of it. Satisfaction may 
exist asto actions in which damages are recoverable, and as to some 
others ; but it cannot operate so as to dispense with the performance of _ 


_anerror. The root, invested with the bark, comes to Europe in pieces 


a covenant under a deed, as a deed can only be made void by an 
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instrument of the same nature. Where, however, a right of action | adduced :;—-If to a solution of carbonate of potash any strong acid, 
upon the deed has vested, as in the case of a breach of covenant to | such as the sulphuric, be added until effervescence ceases, the potash is 
repair, to pay rent, &c., there may be satisfaction. The satisfaction, to | said to be saturated. In like manner, if a solution of caustic soda be 
be valid, must have been accepted by the who has the right, and | added to nitric acid until the latter be exactly neutralised, the acid 
must have proceeded from the party who is liable. is said to be saturated. In these cases the of saturation is 


agréement, it must be such an agreement as an action may be main- | indicated by turning paper coloured yellow with turmeric, brown; 
tained upon, It must be valuable: by which it is understood not only | while, on the other Rand, excous of acids is ot pase: ascertained — 
that there can be no satisfaction consequent of a thing which has no by Te blue with litmus, which is rendered red by the action 
value, a8, for instance, a rush; but also that the value must be at least aci ’ : : 
not obviously inferior in amount to that for which it is given, such as By these means a very important process in the manufacture of soap 
& payment of a less sum of money at the same or a subsequent day as | and glass is condu ; it is termed poser a2: 1 and employed for 
that On which a greater is due. Although if there are advantageous | ascertaining the strength of different samples the carbonates of — 
circumstances attendant on the payment of a less sum, this may | potash and soda, so largely used in glass- and soap-making. Sulphuric 
operate as satisfaction. But the giving of a horse or a statue may be | acid diluted to a known extent is added to the alkaline solutions, and 
a satisfaction of a claim for a sum of money, if accepted as such, | when they affect neither blue nur yellow r, the saturation is 
though the horse or statue be in reality of less value than the money, ect, and the purity and strength of the es are determined, 
. A negociable instrament may operate as a satisfaction of adebt; and | [ALKaLMmTRY. ; 
if the party who accepts it, by his own negligence fail to recover upon SATURDAY. [Week.]} \ 
it, the debtor will nevertheless continue discharged. The performance| SATURN. The name of one of the old planets, the largest of all 
must be actually executed ; 2 mere endeavour, or a readiness to per- | the bodies of the solar system, except the Sun and Jupiter. It is” 
form, such as a tender of-money, or a part performance, cannot operate | encompassed by three rings, unconnected with the planet, but revoly- 
asa satisfaction. It must be beneficial; thus where one has made a | ing around it. It is also accompanied by eight satellites. eh 
forcible entry on the lands of another, it is not a satisfaction for the e i 

entry to permit that other to re-enter. In an action for] planet from the earth, is about 16’"4. The real diameter, that 
trespass and taking cattle, a mere re-delivery of the cattle is not a| earth being represented by unity, is about 79,000 miles. The mean 
satisfaction, though their conveyance to another place, and redelivery | density is about 0°55 of [that of the Sun, or jth of that of the Earth, 
there, may be so. The benefit also must be one partaking in some | and the mass of the planet is about x5, the Sun’s mass 
ay of a pecuniary character. It must either be money, or capable | sented by unity. It revolves on its axis in 10 hours, 29 minutes; its * 
of being measured by money. Thus a submission before certain “ 
persons made in pursuance of the order of a court-martial, or an | heat are to the light and heat received by the earth as 11 to 1000. 
acknowledgement of the injury and prayer for forgiveness kneeling, | following are the elements of its orbit :— f : " 
though a satisfaction in honour, is not such satisfaction as to deprive Epoch 1801, January 1, 12th hour, mean astronomical time at 
the party of his right to damages. Satisfaction to one of several | Greenwich. Semi-axis major, 9°5387861, that of the Earth being 
plaintiffs is a bar to all: and satisfaction by one joint wrongdoer dis- | represented by unity. 


charges the others, (Com., ‘ Dig.,’ tit. “Accord.’) Excentricity, (0561505; its secular diminution (diminution in 100 
SATRAP ad en was the name given to the governor of a pro- [ years) 000,312,402. (a. 
vince of the P empire. He was appointed by the king, and was | fnelination of the orbit to the ecliptic, 2° 29’ 357 ; its secular dimi- 


responsible alone to him. Such a system of government has always | nution, 155. ; 93. 
existed in the large Asiatie empires; but the advantage which the Longitudes from the mean equinox of the epoch: (1) of the aseend-— 
Persian system had over many others of a similar kind, was the careful | ing node, 111° 56’ 37’"4; its secular increase (¢ombined with the pre- 
separation made between the civil and military powers. The governors | cession), 3070” ; (2) of the perihelion, 89° 9’ 298 ; its secular increase 
of the garrisons and the commanders of the troops were independent | (combined with the precessien) 6950" ; (3) of the planet (mean), 135° 
of vhe satraps, and responsible only to the king. The duties of the | 20’ 6"°5. tox 
satraps are briefly defined f, Meay es to consist in governing the | Mean sidereal revolution in 365} days, 4899613; sidereal reyolu- = 
inhabitants, receiving the tributes, paying the garrisons, and attending | tion, 10759°2198174 mean solar days. 
to whatever else is necessary. (‘ Cyrop.,’ viii. 6, § 1-3.) In the later| The discovery of the ellipticity of Saturn is due to Sir William 
times of the Persian empire, it became the custom to appoint the | Herschel, who concluded, from his observations, that the polar is to 
wens the command of the troops also, especially if they were | the equatorial diameter as 10 to 11. On a subsequent occasion he 
members of the royal family. In this manner the younger Cyrus was | was led to suspect an ity in the of the planet, but the 
appointed satrap of one of the western provinces of Asia Minor, and at | researches of Bessel, and those of Mr. n,* late first assistant at 
same time general of all the forces which assembled in the plain of | the Royal Observatory, Greenwich, have proved beyond all doubt that 
Castolus. (Xen., ‘Anab.,’ i. 1,§ 2.) The practice of uniting the civil | the form of the planet is strictly ephideobias j 
and military powers in one person, and the greatness of the command| When viewed in the telescope the planet yg er to be 
entrusted in some cases, was also dangerous to the royal power. An | diversified with belts extending across his dise in a 
instance of this kind occurs as early as the time of the first Darius, in | to his equator. It was by watching the changes in the appearance of 
the ease of Orostes, who was governor of Phrygia, Lydia, and Ionia, | these belts, that Sir William Herschel succeeded in discovering the 
ee Se ee dared not proceed openly against | motion of the planet on his axis, and in determining the time of a 
him. (Herod., iii. 127.) Subsequently this practice became still more | complete rotation. ee 
frequent; Cyrus had the command of the greater part of the western} The satellite of Saturn which was first perceived is the sixth in the 
provinces of Asia Minor ; and after his death, Tissaphernes was allowed | order of distance frony the . Its discovery was effected Moet 
to hold them in addition to his own. From this period we frequently | Huyghens in 1655, Four other ites were subsequently red 
read of revoltg of the satraps, and many of them became quite inde- | by Cassini in the same century. These five satellites were named the 
t of the king of Persia. (Heeren’s‘ Asiatic Nations, vol. i.) first, second, third, fourth, and fifth, reckoning ac 
SATURATION, a term applied in chemistry to denote two widely | distance from the primary. In 1789, two additional ites Were 
different phenomena: namely, first to the solution of the greatest | discovered by Sir Willian Herschel. Both of these satellites were 
possible quantity of substance in a liquid medium ; and, secondly, | found to revolve within the orbit of the first of the five satellites pre- 
to the neutralisation of a base by an acid or of an acid by a base. viously discovered. They ought therefore in accordance with the 
When common salt, and indeed most other saline and many vegetable prevailing nomenclature, to be designated as the first and second 
bodies, are added to water until it ceases to dissolve them, solution | satellites, but this would have rendered a revision of the names of the 
so obtained is termed a saturated solution of the substance dissolved. | earlier satellites indispensable. The Herschelian satellites however 
Saturation of this kind may exist with regard to one body and not | were usually styled the sixth and seventh, reck - inward in the — 
to another ; thus water saturated with common salt will still dissolve | order of distance frony the primary. To remedy im) 
sulphate of soda, and vice versd ; so also a saturated solution of com- | which thus arose from confounding the order of discovery with the 
mon salt will dissolve sugar. The saturating power of bodies is in | order of distance) Sir John Herschel has pre on mes te 


many cases greatly influenced by heat, while in others variations of | the satellites the names of the Titanian di 
temperature produce but little effect: thus cold water will take up| Rhea, Dione, Tethys, Enceladus, Mimas, ig With the most 
nearly as much common salt as hot water; but sulphate of soda is | distant satellite. This nomenclature has been generally adopted by 
more soluble in hot water than in cold, and hence it is that a | astronomers. \ f 
saturated hot solution of this and many other salts deposits ‘on} On the 19th of September, 1848, an eighth satellite of Saturn was 
cooling. Cold water, on the contrary, dissolves more lime hot, | discovered by Mr. Bond, at the Observatory of Harvard College, Cam- 
and a saturated solution prepared with water at about 32° holds nearly | bridge, U.S.; and also independently, on the same bees ag 
twice as much lime in solution as one prepared at 212°, and when the | Lassell at his Observatory near In conformity R 
ee solution is heated lime is deposited, This, however, is | John Herachel’s nomenclature it has been called Hyperion. It ranks — 
# case of much rarer occurrence than the contrary one, ret 
As instances of the second kind of saturation, the following may be * Now director of the Radoliffe Observatory, Oxford. ae 
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order of distance from the central body. The | although one of its sides may then be illuminated by the sun, it is 

bé found tecfal -— : only the edge which is turned towards the ‘observer. Besides these 

two causes of disappearance, which are of a transient nature, and 

g : render the ring invisible only for a few days at most, there is a third 

23 E- cause, which generally continues in operation during a longer period 

EE PE g of time, and produces a more lasting effect. When the age is so 

3 a ; situated that the plane of the ring passes between the earth and the 

s 3 to 3 3 23 S Discoverer. sun, the unenlightened side of the ring is then turned towards the 

g 3 ial 2 earth, and consequently during the whole time that the planet is in 

is 8 i} é this position (which frequently extends to several months) the ring 

ma will be invisible. The same theory affords an equally satisfactory 

Pei oe : account of the different phases assumed by the appendages of the 

1 0 22 37 22°9| 3°3607 1789 | W. Herschel,| | Planet during the period of its visibility. It is manifest that when 

2 1 853 67)| 43125 | 1789 | W. Herschel.| | the plane of the ring passes through the sun, and when consequently 

3 12118 25-7| 5°3396 | 1684 | Cassini. the ring ceases to be visible, the planet, if viewed from the sun, would 

4 21741 89) 63398 | 1684 | Cassini. appear in the node of the ring. en the planet revolves from this 

5 41225 10°8| 9°5528 | 1672 | Cassini. position, the sun commences to ascend above the plane of the ring, and 

G6 {15 22.41 25-2, 22°1450 | 1655 | Huyghens. the latter in consequence becomes visible in the form of a very elon- 

7 22 12? 28+ 1848 { Bond and gated ellipse, gradually opening out in breadth. The ellipse continues 

@ > lye: y'suaealtersses. \rart’le = ap to approach towards a circular form until the planet has reached a 

ae distance of 90° from the node of the ring, when the elevation of the 

, sun above the plane of the ring has attained its maximum. The ring 

and mean distances inserted in the foregoing table have | henceforth begins to contract, and the same succession of appearances 

been from Sir John Herschel’s ‘ Outlines of Astronomy.’ The | in a reverse order will obviously ensue as the planet revolves towards 
period and mean distance of Hyperion have not yet been determined | the opposite node, where the ring again will cease to be visible. The 
with apeneianh pootietoe: ring will therefore complete the cycle of its phases in a period equal to 

_The light of Japetus has been found to be subject to a variation | half a revolution of the planet, or in about fifteen years. The appear- 
depending on the position of the satellite in its orbit. From this | ances will not be materially different whether the ring be viewed from 
circumstance it has been inferred, with a strong degree of probability, | the earth or the sun, except during the time that the planet is in the 
that the satellite effects a complete rotation on its axis in the same | vicinity of either of the nodes of the ring. At such a juncture, the 
time as that in which it revolves around its , a8 in the case of | combined motions of the earth and the planet may cause the plane of 
See ere round, te corth. By the most considerable | the ring to pass more than once through the earth, and the ring may 
of the satellites is , which Sir John Herschel considers may be | in consequence disappear and reappear twice before its plane has 
equal in magnitude to the Mars. entirely swept over the terrestrial orbit. 

The oem which presented to Galileo, when he first | | Huyghens was originally under the impression that the plane of the 
turned on the planet, was utterly The | ring is parallel to the equator, and he consequently supposed its inclina- 
illustrious remarked, that the planet to consist not | tion to the ecliptic to be 23° 30’. On a subsequent occasion, however, 
of one but of three bodies, which almost touched each other and | he determined the inclination by actual measurement in conjunction _ 
E pepregsintagellarscat tang weeny aoe piece. beslion nave opium cst ail leanp rand rvs neg Naroe te a 
ip wife moe tanee , the largest body being in the centre, | the ascending node o ring in 170° 30’ of longitude. suc- 
and two others on east and west sides of it. Pursuing his | ceeding astronomers determined the elements of the ring. The most 


to diminish, until at length, after the lapse of about two years, 
vanished, leaving the quite round. He now felt m 
lest those who his discoveries as optical illusions 
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In 1659 he published a work entitled ‘ 
which he the real nature of his discovery, and 
explanation of the various circumstances connected it. Restorin, 
the letters of the logogriphe to theit orginal places, they now soot 


Annulo cingitar tenui plano, nusquam cohmrente, ad eclipticam inclinato ; 
or, a8 thus translated :— 


The planet is encompassed by a slender flat ring, everywhere uncon 
sscted with ita varface’ and inclined to tha edtigat 
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recent as well as the most complete investigation of the subject is due 
to Bessel. The conclusion at which he arrived was that in the begin- 
ning of the year 1800 the longitude of the ascending node of the 
ring was 166° 53’ 8-9 and that the inclination of its plane to the 
ecliptic was 28° 10' 44"°7, He also found that the node of the ring 
retreats upon the plane of the ecliptic at the rate of 46-462 


annually. 

In 1675 Cassini found that the ring around Saturn consists in 
reality of two distinct ri separated from each other by a dark 
interval, This interesting fact was subsequently established beyond 
doubt by Sir William Herschel. The following are the dimensions of 
the planet and the two rings as assigned by M. Struve:— 


Exterior diameter of the exterior ring . 2 « 407095 
Inner diameter of the exterior ring . . « « 385289 
Exterior diameter of the interior ring . A « 84475 
Interior diameter of the interior ring . « . 26668 
Equatorial diameter of Saturn ¢ ° e 177-991 
Breadth of the exterior ring . ° . » « 2408 
Breadth of the division between the rings . - 0408 
Breadth of the interior ring . . . « « » 3”903 ‘ 
Distance of the interior ring from the ball. 4°°339 
Equatorial radius of Saturn, . 2 6 8995 


These measures are supposed to refer to the mean distance of the 
planet from the sun. At such a distance an object which would sub- 
tend an angle of only 1" would measure 4387 miles. This would give 
78,927 miles for the diameter of the planet. The absolute dimensions 
of the rings will of course bear a similar proportion to their respective 
angular measures. Thus, it will be found that the diameter of the 
exterior ring amounts to 175,928 miles. 

The thickness of the rings around Saturn would seem to be very 
inconsiderable. This is plainly indicated by the circumstance that 
when the edge of the ring is turned towards the observer, it is 
generally found to be invisible, even when the most powerful tele- 
ea are directed towards it. From certain lucid protuberances 
which Sir William Herschel remarked upon the ring, he was led to 
suspect that it had a rotary motion around the planet. A closer 
scrutiny of the phenomenon confirmed this impression, and he finally 
concluded that the ring effects a complete rotation around the planet in 
a period of 10h. 32m. 15s*4. 

On the 15th of November, 1850, Mr. Bond, Director of Harvard 
College Observatory, Cambridge, U.S., discovered a third ring around 
Saturn, situated between the interior of the two rings already dis- 
covered, and the body of the planet. The same phenomenon was 
discovered by Mr. Dawes on the 19th of the same month, and, of 
course, before intelligence of Mr. Bond’s discovery had reached Eng- 
land. The new ring is much fainter than either of the two exterior 
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rings. Its breadth is equal to about two-fifths of the interval between 
the interior bright ring and the planet, 

It turned out, soon after the discovery of the faint ring by Bond and 
Dawes, that the phenomenon had been also seen by Dr. Galle at the 
Berlin Observatory in the 1838; but its exact nature was not 
made out, and consequently, the circumstance did not receive any 
further attention. It seem, indeed, that Hadley observed the 
faint ring as early as the year 1723. In the course of his observations 
of the planet in that year, he remarked that the dusky line which in 
1720 he observed to accompany the inner edge of the ring across the 
disc, continued close to the same, though the breadth of the ellipse 
had considerably increased since that time (‘ Phil. Trans.,’ 1723, No. 


ct to the physical constitution of Saturn's 
ical conditions which assure their stability, has 


the question of stability, concluded that in order to prevent the rings 
from being precipitated on the body of the planet they must be 
irregular in their contour. Several succeeding astronomers and mathe- 
maticians have considered the same subject. The most complete 
investigation of it is due to Professor Clerk Maxwell; he concludes 
that the only system of rings which can exist mechanically is one com- 
posed of an indefinite number of unconnected particles, revolving round 
the planet with different velocities according to their respective 
distances, These particles may be arranged, in series of narrow rings, 
or they may move through each other irregularly. In the first case 
the destruction of the system will be very slow ; in the second case it 
will be more rapid ; but there may be a tendency towards an arrange- 
ment in narrow rings, which may retard the — 

We shall conclude this article with referring to an admirable 
delineation of Saturn and his rings by Mr. De la Rue, founded on his 
own observations with his 13-inch reflector. Several valuable measures 
of the Saturnian system by Mr. Main, Mr. De la Rue, Mr. Dawes, and 
other observers, will be found in the recent volumes of the Memoirs 
and Monthly Notices of the Royal Astronomical Society. In the 28th 
volume of the Memoirs the reader will find an elaborate investigation 
of the Ag ahs the Satellites (except those of Mimas and Hyperion) by 

SATURN A’LIA, a festival celebrated by the Romans in honour of 
the god Saturnus, [Kronos.] According to some traditions, it had 
been celebrated by the aborigines long before the building of the city, 
and was instituted by the fabulous king Janus, after the disappearance 
of Saturnus from the earth. Others said that it was instituted by the 
Pelasgians, or by the followers of Hercules, who had been left behind 
in Italy. (Macrob., ‘Sat., i. 7.) A second set of traditions referred 
the institution of the- Saturnalia to a much later period ; one of them 
ascribed it to King Tullus Hostilius, who, after a successful war against 
the Albans and Sabines, was said to have founded the temple and 
established the festival of Saturnus at Rome. (Macrob., ‘Sat., i. 8.) 
Another tradition, adopted by Livy (ii, 21) and Dionysius (vi., ab 
init.), which refers it to a still later time, ascribed the institution of 
the Saturnalia to the consuls A. Sempronius and M, Minucius (497 B.c.). 
‘The apparent incongruity of this and some other accounts may easily 
be removed: those who trace the Saturnalia to a period antecedent to 
the building of the city, can only mean that the worship of Saturnus 
was very ancient in Italy, while those who assign a later date to the 
institution must be understood to refer to the introduction of the 
worship into the city of Rome; and although festivals in honour of 
Saturnus may have been celebrated at his altar in the Roman Forum 

jous to 497 B.c., ie the regular and periodical celebration of the 

rnalia may not have been established before this time, when a 
temple was dedicated to the god in the clivus leading from the Forum 
to the Capitol. After this time the Satuynalia were celebrated regu- 
larly every year, on the 19th of December, the whole of which month 
waa sacred to Saturnus; but after J. Caesar had added two days to this 
_— the oo ante the suihdeereorn ‘ Sat./ i. 10), and 

pole, ing of such merry- , continued the festivities 
until the 19th, and even longer. A at last sanctioned the 
celebration of the Saturnalia during days, and Caligula and 
Claudius increased the number to five days, b., § Sat.,’ i. 10; 
Sueton., ‘ Calig.,’ 17; Dion Cass., cre 739.) 

The Saturnalia was a harvest festival, and was held, a8 we have seen, 
sta time when all agricultural labours were over; and as at such a 
season every husbandman would naturally give himself and his servants 
a , and offer his prayers to the god whose especial protection he 
soli oa 6o ba Saturnalia oo festivals instituted with the 
gare obj tewas generallybelieved that during the golden age of 
the Sig eh tictanes there were no slaves, and the Bdvedediia hers 
interided to restore that happy state of things for a short time, by 
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to servants and slaves a complete holiday. They were on this 
giving * Sllowed to eppear ts Shela et fee acids f ion Cass., Ix., 
p- 779), were waited upon at their feasts by their masters, were free 
from every kind of service, and enjoyed the most perfect freedom of 
h. Bren criminals were sometimes restored to freedom, and then 
dedicated their chains to Saturnus. The whole season was one | 
universal rejoicing for all the people of Rome, and the city 
with the shouts, “ Io, Saturnalia! Io, bona Saturnalia!” 
ate and drank plentifully, and invited or visited his friends 
relations. It was also customary for persons to make presents to bo | 
another on this occasion (Senec., ‘ Epist.,’ 18 ; Sueton., ‘ Aug.’ 75), 
clients presented their patrons with wax-candles. (Macrob., ‘Sat.,’ i. 
7; Varro, ‘De Ling. Lat.,’ iv., p. 19, Bipont.) Children y 
received little figures, which were called oscilla, or sigilla, from c 
the last day of the Saturnalia derived the name “sigillaria.” During 
this festival all business, ie as well as public, was suspended ; no 
war was commenced, no battle was fought, and no punishoet a 
inflicted on offenders, (Macrob., ‘ Sat.,’ i. 10.) The persons who o! L 
brig oo gee had sin heads pape ae 
e Greek writers, when speaking of the Roman urnalia, 
‘elly call the feast “ Kronia,” as they considered the two feutivale ad 
well as the deities in whose honour they, were held, Saturnus and 
Kronos, as identical. (Comp. Buttman, ‘Mythologus,’ ii, p. 52, &e. ; 
Hartung, ‘ Die Religion der Rémer, ii., p. 124, &c.) i all 
SATURNUS. [Cxronos.]} 
SATYR (Satyrus, Sdrupos) is the name by 


nearer to the animal form, as they weré represen’ 
and horns. During the best period of Grecian art 


ever, especial 


lascivious character. Satyrs weré the con 


Phiius. 
(Miiller; Archéolog. der Kunst, §385; H.O. A. Richstiidt, De Draniate 
Comico-Satyrico, Lips., 1793; and, above all, Casaubon; De 
Satyrica Grecorum Poesi et Romanorum Satira.) . 

SAVANNA. [Prars. # hp 

SAVINGS BANKS are itistitutions of modern invention, established 
in this country to encourage habits of priadence on the part of the 
poorer classes, who weré previously without any places where they 
could safely and profitably deposit the small sums which they might 
be able to set aside from their earnings. 

The origin of sayings banks has been attributed to the Rev. Joseph 
Smith of Wendover, who, in the year 1799, circulated proposals, in 
conjunction with two of his parishioners, in which they offered to 
receive from. es inhabitant of the parish any sum from twopence 
upwards every Sunday evening during the summer months, to keep 
an exact account of money deposited, and to repay at Christmas 
to each individual the amount of his deposit, with the addition of one- 
third to the sum as a bounty upon his or her economy. The 
tors were at liberty to demand and receive back the amount of 
savings, without this bounty, at any time before Christmas that 
might stand in need of their money. Pay tee 
‘The nextinstitution of this kind that was established, of whi 
are gabon ploy Tottenham in Middlesex, by Mrs. Pri 

akefield. This, which was called the Charitable , bore a nearer 
resemblance to the savings banks of the peeeat ay tat ae 
Wendover plan. The Tottenham bank was openéd in 1804, At first. 
the accounts were kept by Mrs. Wakefield, who was assisted in = 
respects by six gentlemen acting as trustees, who undertook each 
receive an equal part of the sums deposited, and to allow five per cent, 
interest on the same to such depositors of 20 shillings and upwards as 
should leave their money for at least a year in their hands. In 
proportion as the amount of the deposits increased, additional trustee: 
were chosen, 60 as to diminish the loss, which might otherwise havé 


ey 
have 
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able, owing to the high rate of interest that was allowed: | The first clause of this Act reduces, from and after the 20th of 
in Bociety was formed at Bath, managed by eight individuals, | N. ovember, 1844, the interest of all moneys invested by the trustees of 
of whom were ladies, who received the savings of domestic savings banks in the national funds, to the rate of 3 % e: 
eae allowed interest upon the same at the rate of four per } and s. 2 declares that the maximum of interest to be allowed to 


Parish Bank Friendly Society of Ruthwell was formed in 1810} From the same date every depositor, on making his first deposit 
he Rev. Henry Duncan, who published an account of his institution | (s, 3), is to sign a declaration as provided by previous Acts, a copy of 
with the hope of Promoting similar establishments elsewhere. This | which is to be annexed to the deposit-book ; ‘and once in every year at 
e first savings bank, regularly and minutely organised, which | least this book (s. 5) is to be produced atthe institution for the purpose 
was a the public, and it is doubtless owing to the suc- | of [ratipadon. fF ‘ ; 
cessful exam us set, that previous to 1817 there were seventy say- y actuary, cashier, or other person holding a situation at a savings 
banks established in I four in Wales, and four in L id. | bank (s. ener: deposits and not paying over the same to the 
In the year just mention 1 legislative provisions were first made for | managers, is declared guilty of a misdemeanor; but no trustee or 
Management of these institutions. Acts were passed (57 Geo. IIT. manager to be liable (s. 6) for any deficiency unless they have declared 
. 105 and 130) for encouraging the establishments of banks for | in writing their willingness to be so responsible, and this responsibility 
vings in Ireland and England respectively. Onder these Acts, the | may be limited, except in cases of money actually and personally re- 
and managers, who were prohibited from receiving any : 
personal profit or advantage from the institutions with which they} When deposits are made in trust for another (s. 7), the sum is to be 
be connected, were required to enrol the rules of their instj- invested in the names of the trustees and the person on whose account 
at the sessions. A fund was established in the office for the | the same is so invested; and repayment is not to be made without the 
i debt in London, entitled, “The Fund for the receipt of both, or of their trustees, executors, or agents appointed by 
ks for Savings,” and to this. fund the trustees were bound to power of attorney. ; 
transmit the amount of all deposits that might be made with them Annuities under the 3 & 4 Wm. IV. c. 14 are not to exceed the sum 
when the sum amounted to 50/. or m . For the amount so invested | of 80/. in the whole, but separate annuities to that amount may be 
the received a debenture, carrying interest at the rate of granted to a husband and wife: but instead of the charges under e 
three-pence per centum per diem, or 4/. lls. 3d. per centum per} former Act, the charges are now (s. 9), for an annuity under 5) * 
annum, payable half-yearly. The rate of interest then usually | the sum of 5s, ; 6l. and under 10/., 103.; 102. and under 150, 1s. ; 
allowed to depositors was ‘our per cent, In Ireland the depositors | 15/. and under 20/,, 20s.; 20/. and under 251., 25s.; 252, and not ex- 
* Were restricted to the investment of 501. in each year, and in England ceeding 30/., 30s. 
the same restriction was imposed, with a relaxation in favour of the Where deposits exclusive of interest do not exceed 501. (8. 10), if a 
first year of a 's depositing, when 1007, might be received. No | will or letters of administration are not produced within a month, the 
further restrictlon was at this time thought necessary as to the amount | money may be paid to the widow, or the person entitled to the effects 
neither was the depositor prevented from investing simul- | of the deceased ; if a depositor be illegitimate and die intestate, the 
taneously in as many different savings banks as he might think proper. | managers (s, 11), with the sanction of the barrister appointed to certify 
This was found liable to abuse, and an Act was passed in | the rules, may pay the same to such persons as would be entitled to 
1824, which restricted the deposits to 50/. in the first year of the | the same under the statute of distribution, if all the parties were 
ing opened, and 30/. in each subsequent year, and when the legitimate ; and where!a married woman has made deposits it is lawful 
amount to 200/. exclusive of interest, no further interest | for the managers (s. 12) to repay such woman, unless the husband give 
was to be allowed. Subscribers to one savings bank were likewise | notice to the contrary. ; 
not allowed to make deposita in any other, ._| The time for issuing the half-yearly receipts for interest is oiended 
In 1828 a further Act was passed, entitled “An Act to consolidate | (s. 13) to sixty days from and after the 20th of May and 20th 


provisions of this Act (9 Geo. IV. c. 92) that all savings banks are at 4 
present conducted. It is provided herein, “that the rules of every Any dispute between the depositors and the managers is to be settled 


, for the pu of fear Bic the same are in empowered for this purpose (s, 15) to inspect the books of the insti- 


to law, the r shall give a certificate tution, and to examine witnesses on oath or affirmation : false evidence 
thereof, which, together with the nie by the trustees, shall te to be punished as perjury, 
i before the justices for the county, division, or place at the| Bonds given as security under previous acts (9 Geo. IV. c, 92, and 
ral or sessions ; and it shall be lawful for such justices to | 3 & 4 Wm. IV.c. 14) are to be deposited with the commissioners for 
part or thereof, or to allow and confirm | the reduction of the national debt (s. 16), to be delivered up on the 
shall be, conformable to the act.” The application of not less than two trustees and three managers when 
us made and confirmed were to be deposited | required to be cancelled, Every officer trusted with the receipt or 
of the peace for the county or division, and are then custody of money (s, 17) is to Bive sufficient security ; such security, 
declared to be on the officers and the tors of the institution. | when given by the treasurer, actuary, or any other officer receiving a 
deposi in savings banks must be invested in the Bank salary, shall be by bond, which is exem ted from stamp-duty. 
and, or of Ireland, in the names of the commissioners for the | The direction for depositing the tales af a savings bank with the 
of the national debt. The receipts given to the trustees of clerk of the peace (s, 18) is repealed ; but two written oF Praited copies 
avings Manks for money thus invested bore in at the rate of 2} of them are to be transmitted (s. 19) to the barrister for is certificate, 
or 31. 16%. Od. per cent, per annum, while the | who, on approval, is to return one copy to the institution, and transmit 
te to depositors was not in any case to exceed 2} per cent the other to the commissioners, 
diem. or 31. 8%. 53d. per cent. per annum, the difference being | Payments to the relations of intestate depositors (s, 20) are to be 
by the trustees to defray the expenses of the bank. The | made to the next of kin by the law of Scotland, in the case of deposits 
were not allowed to receive deposits from any individuals | in that country. 1 
its have amounted to 150/., and when the balance | The act is declared (8. 21) to extend to societies for purchasit 
due to any one depositor amounts with interest to 200/., no further | annuities as well as to savings banks, and (3. 22) to Great Britain and 
interest is to be allowed. Friendly societies and charitable institutions | Ireland, Berwick-upon-T weed, Guernse » Jersey, and Isle of Man, 
to ing 300/. The 11 & 12 Vict, ¢, 133, limits the liabilities of trustees in Ireland, 
ne, Act (3 William IV. co. 14) the industrious classes were except for money actually received by them and not paid over, to any 
uities, to i 


may 
le snm at the time of agreem ent, or by week! monthly, quarter] i 
Papen , a8 the purchaser pe be déteriaine : ag and they may be granted to a husband and wife, though one may already 
ha 


under be ed on th the medium of | have secured an annui to the full amount. 
banks, or e8 €3 for the purpose, and of which By the 19 & 20 Vict. c. 41, the shipping-offices for saving are consti- 
I other minister of the parish, or a resident justice of the | tuted branch savings banks, and the Board of Trade is empowered to 
peace, shall be one of the trustees, make regulations for the investment and withdrawal of deposits, 
— Wm. IV. ¢. 57, passed in , 1835, extended the Rules framed in agreement with the statutes have been issued by 
f the 9 Geo. IV. ¢. 92sand of $ Wm. LY. c. 14, to savings | the commissioners for the réduction of the national debt. These rules 
, and enabled existing to conform to the said provide, among other things, that no person being a trustee, treasurer, 
Preparing and mye their rules pursuant to these acts, or manager of Rie | Lh , pe derive any per ear Sich of 
y Regimen vings Banks were established by warrant | indirect, from its 34 @ treasurer, and the paid officers o 
i Osbiiee 11, 1843. sl : by the society, shall give security for the faithful execution of their trust : 
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be contracted for; that minors may purchase annuities. The annuities 
are payable half-yearly, on the 5th of January and 5th of July, or on 
the Sth of April and 10th of October. If any person wishes to have 
an annuity peyable quarterly, that object ce f be accomplished by 
purchasing one half we in Jan and July, and the other half 
yable in April and October. Upon the death of the person on whose 
fife the annuity depends, a sum equal to one-fourth part of the annuity, 
all unpaid arrears, will be payable to the person or persons 
entitled to such annuity, or to their executors or administrators, if 
claimed within two years. These annuities are not transferable, 
unless the purchaser becomes bankrupt or insolvent, when the annuity 
becomes the property of the creditors, and will be repurchased, at a 
fair valuation, by the commissioners for the reduction of the national 
debt. If the purchaser of an annuity should be unable to continue 
the payment of his instalments, he may at any time, on giving three 
monthg’ notice, receive back the whole of the money he has paid, but 
without interest; or he may have an immediate or defi annuity 
granted, according to theamount of money paid. If the purchaser of 
a deferred life annuity should die before the time arrives at which the 
annuity would have commenced, the whole of the money actually con- 
tributed, but not with interest, will be returned to his family without 
any deduction. Ifa person who has contracted for, or is entitled to, 
an annuity, becomes insane, or is otherwise rendered incapable of 
acting, such weekly sum will be paid to his friends for maintenance 
and medical attendance as the managers shall think reasonable, or any 
such other payments may be made as the urgency of the case may 
require, out of the sums standing in the name of the party. Any’ 
frauds that may be committed by means of mis-statements and false 
certificates will render void the annuity, and subject the ees 
offending to other and severe penalties. e rules of societies formed 
for carrying into effect the purposes of this Act must be signed by 
trustees, certified by the barrister appointed for the purpose, and 
enrolled with the clerk of the peace for the county or division in the 
manner already described with to the rules of savings banks. 

Annuity tables, calculated under the direction of government, for 
every admissible period of age, and for every probable deferred term, 
may be had at the office of the commissioners for reducing the national 
debt, in the Old Jewry, London. 

These measures appear to be well calculated for enabling the in- 
dustrious classes to secure a small provision in the time of their youth 
and , for the days of their age and decline, and for inciting 
them, while yet unencumbered, to apply the surplus of their earnings 
to meet the wants of those who may become connected with or de- 
pendent on them in after-life. 

The growth of these societies has been continuous from their esta- 
blishment., We give below the number and amount in 1833, and add 
those of 1859; but it should be remembered that when the amount 
reaches 200/, it is usually transferred to the public funds, as interest 
is no longer paid. On the 20th of November, 1833, there were 385 
savings banks in England holding balances belonging to 414,014 de- 
positors, which amounted to 13,973,2431., being on an average 341. for 
each depositor, There were at the same time in Wales 23 savings 
banks, having balances amounting to 361,150/. belonging to 11,269 
depositors, being an average of 32/. for each depositor; while in Ire- 
Jand there were 76 savings banks, with funds amounting to 1,380,718/., 
deposited by 49,872 persons, the average amount of whose deposits was 

The total for England, Wales, and Ireland was consequently 484 
savings banks, with funds amounting to 15,715,111/.; the number of 
accounts 0 was 475,155, and the average amount of deposits was 
one ly 337. 

On November 20th, 1859, the total amount of deposits, including 
interest, in the United Kingdom, was 38,995,876/. The number of 
individual depositors was 1,479,723, of whom 213,473 were depositors 
of sums not exceeding 1/., 294,739 not exceeding 5/., 194,133 not ex- 
ceeding 10/., 140,092 not exceeding 15/., 86,250 not exceeding 20/., 
148,575 not exceeding 30/., 121,501 not exceeding 40/., 58,082 not ex- 
ceeding 50/., 98,380 not exceeding 75/., 45,580 not exceeding 100/., 
30,700 not exceeding 125/., 18,134 not exceeding 150/., 28,482 not 
exceeding 2001, and 1652 above 2001. 
table Institutions, with deposits amounting to 802,341, and 10,738 
pes Societies, with deposits amounting to 1,731,095/.. There were 
580 Friendly Societies with direct accounts with the commissioners 
for the reduction of the national debt, their deposits amounting to 
2,001,7541. The number of annuities granted through Savings Banks 
or Parochial Societies, from the commencement in 1854 to January 5, 
1860, was 9707 immediate annuities, amounting to 196,1121., for 
which 2,064,812/. had been paid, and of which 3046/. of the yearly 
amount of 59,432/. had fallen in; 160 deferred annuitiés on payment 
of une sum, to the amount of 2704/., for which 30,9791. had been paid, 
and of which 26/. of the yearly amount of 478/. had fallen in; and 
1875 deferred annuities for annual payments, to the amount of 37,4861., 
for which 187,622/. had been paid; of these 1110 had fallen in, to the 
yearly amount of 21,390/., and 44,037/. had been returned in conse- 

of death or default. 

In November, 1858, the total amount of securities given by mana- 
gers and trustees of savings banks had been only 67,0707, and these 


almost a in Ire! 
Much information as to the formation, management, and the 


There were also 16,315 Chari-' 


means of ensuring the security of savi banks, will be found in ‘A 
Practical ‘Treatise on Savings Banks,’ by Arthur Seratchley, M. D., 


1860, : 
(History of Savings Banks, by J. Tidd Pratt ; The Law relating to 
the Purchase of Government Annuities Uwrough Savings Banks and 
Parochial Societies, by the same author.) rv. 

SAW AND SAW-MILL. The division of wood by poe Soa 
splitting was probably the most ancient method of reducing it to 
of convenient size and shape. If the grain of timber were straight, 
this plan would have the advantage of economy ; but as it is not so in 
general, considerable waste is occasioned by ri when the are 
required to be straight, much wood having to be removed with an 
adze in order to make it so. Hence the invention of saws. 

Saws were used by the ancient i The annexed cut repre- 
sents a saw that was discovered, with several other carpenters’ tools, 


Ss 


in a private tomb at Thebes, and which is now preserved in the British 
Museum. The following cut, from Rosellini’s work on Egyptian anti- 


quities, represents a man using a similar saw ; the piece of wood which 
he is cutting being held between two upright posts. In other repre- 
sentations the timber is bound with ropes to a single post; and in one, 
also copied by Rosellini, the workman is engaged in tightening the 
rope, having left the saw sticking in the cut. There is a curious 
picture among the remains discovered in Herculaneum, representing a 


ter's workshop, with two genii cutting a piece of wood with 
a e-saw. On an altar preserved in the Capitoline Museum at 


Rome there is a representation of a bow-saw, exactly resembling in 
the frame and the twisted cord those used by modern carpenters. ‘ 

Saws are of various forms and sizes, Those used by nters and 
other artificers in wood are the most numerous. pen Pret 9 are the 
following :—The cross-cut saw, for dividing logs transversely, two per- 
sons being employed to pull the saw and ievavta, and the 
teeth being so formed as to cut equally in both directions. The pit-saw, 
with large teeth, and a transverse handle at each end. It is used for 
sawing logs into planks, the piece to be cut being laid over a saw-pit 
six or seven feet er One man stands on the log, and the other in 
the pit, and they pull the saw alternately up and down, the saw cutting 
in its descent only. The frame-saw is from five to seven feet long, 
stretched tightly in a frame of timber, the plane of the saw being at 
right angles with that of the frame. It is used in a similar manner 
to the pit-saw, but causes less waste, because the blade, being stretched, 
we § be made much thinner. The ripping-saw, half-ripper, hand-saw, 
and panel-saw are saws for the use of one person, the blades taperii 
in width from the handle. They are of different lengths, the 
being about twenty: tt inches; and the teeth vary from one-thir 
to one-eighth of an in Tenon-saws, sash-saws, dovetail-saws, &e., are 
ban ¢ thin, of equal width throughout their whole length, and stiffened 
with stout pieces of iron or brass fixed on their back edges. These are 
used for many purposes for which a neat clean cut is required, but 
where it is not necessary for the whole width of the satw-blade to pas 
through the wood. Compass and key-hole saws taper from about an’ inch 
to an eighth of, an inch in width, and are used for making curved cuts. 
Small ws and bow-saws, in which very thin narrow blades are 
tightly stretched, are occasionally used for cutting both wood and 
metal. Saws are made for cutting bone, iron, brass, and many other 
hard substances ; and there are several varieties used by the carpenter 
besides what have been enumerated; but it is unnecessary here to 
detail them. 

‘The very commonest kind of saws are made of iron-plates, hammer- 
hardened, and planished upon an anvil, to give them some degree of 
stiffness and elasticity, The more useful saws are made either of shear 
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The steel is cast in the form of a small slab, about an 
ff thick. This slab is extended, by rolling, to the re- 
mee of tenuity, and then cut, by shears, into pieces of suit- 
and size. The edges are next perfected by filing, and holding 
lat side of the plates against large grindstones, which process 
them for the cutting of the teeth. This operation is usually 

ned by a die-cutter in a fly-press, the motion of the saw-plate 
so that the teeth shall be uniform; the larger 
at a time ; and the smaller two, three, or more at 
edges left on the teeth 


en As the grinding impairs the elasticity, they are 
i to a second hammering, and to heating over a coke fire until 
_ they attain a faint mer pe ay a lightly ¢ of the hammer are re- 
moved by again passing saws li over a grindstone; after 
which the final poli ati tor «fan ‘heed slices, wi gleaine-whieel 
_ covered with leather and emery, or a wooden wheel, called the 
ired during these processes are removed 
_ by a few blows with a polished hammer upon a post of hard 
The saws are “ cleaned off” by women, by rubbing fine em 
wise with a piece of cork-wood. The setter lays eac' 
, of a small anvil, and strikes them so as 
~ to bend each uniformly into a slight deviation from the plane of the 
saw ; and then, turning the saw-plate, sets the remaining teeth in like 
in opposite direction. The degree of deviation from 
saw depends upon the kind of wood to be cut; the 
ing the widest or rankest set. Sometimes an instru- 
with a notched edge, called a saw-wrest, is used for setting the 
After being set, the saw is placed, between two plates of lead, 
and the teeth are ed with a tri file. The 
handles are then fixed on by nuts and screws, and the saws cleaned off, 
Po en Er pate et ex agl aggre 
of carpenters’ saws are so formed as to contain an angle 
of are made to incline more or less forward according to 
the intended use of goed saw. baer aheroes have the front of the teeth 
perpendicular to a line ranging wi cir points. For very delicate 
operations saws are frequently made of watch-spring. 
eng for ing stone are — ‘ee —a they are some- 
i upon cutting saw-plate is tightl, 
“vrata pnd a kind of rectangular frame, of which it 7. the lower 
the frame, being suspended by ropes, is moved backwards 
one or two men. Coarse sharp sand is used for 
and fine sand for those of harder quality. Sawing 
a and laborious operation. As in saw-mills for 
any number of saws may be worked together, so adjusted as 
block of stone into slabs of —— thickness, 
machinery used the purpose of converting 
to squared lumber, or for subsequently cutting it 
stuff, is known in the arts under the generic 
It consists of a prime mover, setting in operation 
a circular with serrated edges, vertical saw blades fixed 
in a frame, or a series of knife bi forming the segments of a 
a sharp cutting edge ; and at the same time 
unicated by the prime mover to a ratchet-wheel, which 
frame to advance horizontally #0 as to keep the log of wood 
upon in actual contact with the edge of the cutting-tool. 
and scantling stuff are cut by the circular saw ; and deals, 
and planks are for the market by the same description 
Thin boards (between 14 inch and } of an inch in thick- 
— the frame saw ; ii die okey ciatrwith atts oder 
more precious woods, are cut plate saws with knife edges. 
As many as 100 veneers are at times cut out of planks only 1 inch in 
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otors of saw mills may be either water-wheels, wind- 
_ nills, or steam-engines, and even in some cases horse-power is used. 


With forests, 
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_ ordinary kind of saw mills, and it is the only motive power ever 
: eee eer cutting Of late years, circular saws have been 
used for the purpose of cutting the ends of iron rails, and also 
are invariably worked by steam power. The sizes of circular saws 
from 4} to 60 inches in diameter; vertical saws are made of 
steel of Nos, 13, 14, and 15 gauge, and from 4 to 8 inches wide by 


from 8} to 7 feet in length; veneering saws vary from 4 to 10 or 12 
feet in diameter. 

All the varieties of apparatus that have been described are for the 
purpose of making straight cuts; but it is sometimes desirable to pro- 
duce curved forms by sawing, for which purpose there are several 
ingenious contrivances. Mr, Trotter has invented a concave circular 
saw, resembling a watch-glass in form, which is mounted in a bench 
like the common bench-saw, and to which the wood is directed by - 
curved guides, Many useful forms are cut by a saw consisting of a 


eylinder of steel, toothed on the edge. Such saws are used for cutting 
circular pieces of wood to form the sheaves of blocks; and, when of 

dimensions, for cutting chair-backs, felloes of wheels, curved 
brush-handles, &e. For these purposes they are sometimes used as 
much as five feet in diameter. In another machine, an arrangement 
resembling the common reciprocating saw-mill is applied to curvilinear 
sawing, by causing the carriage on which the timber is supported to 
deviate from the straight course, and follow the curvatures of a model 
of the required form; while the saws, being attached to the frame by 
pivots, are capable of adapting their position to the curve. 

Among the recent inventions in saw-machinery is a beautiful appa-- 
ratus called the band-saw. It consists of a very long, narrow, and. 
thin saw, made of highly tempered steel, and so flexible as to be. 
wound round two rollers placed at such a distance apart as to keep: 
the saw always on the stretch. When the rollers rotate, the saw is: 
put in motion, and it thus becomes an endless saw, applicable to many; 
purposes in the finer kinds of carpentry and joinery. Messrs. Powis: 
and James's band-saw, patented in, 1858, is an elegant example of 
this kind. 

SAXON ARCHITECTURE. Until recently, all those old English 
churches of which the doors and windows had semicircular arches, were 
usually termed Saxon. More careful study of our architecturslianti-. 
quities showed that these were for the most part of Norman date; and 
it was then by many somewhat hastily assumed to be at least. doubtful 
whether there were any buildings remaining of Saxon construction. 
That there are churches which were in part erected prior to the. 
Norman Conquest there is now, however, no longer any dispute, Their, 
number is indeed small, as might be expected; for the condition, of 
the people, the disturbed state of the country, and the ravages. off 
foreign invaders, would either prevent many. churches, except of a 
comparatively rude character, being erected, or account for their 
destruction ; and it will be readily perceived how churches which 
remained at the Conquest, would, one after another, with the progress 
of refinement be removed to make way for others of a costlier character, 
or more fashionable style of architecture; and that consequently, 
after the lapse of 800 years, but few fragments of such buildings 
should be extant. 

Yet some vestiges, as we said, are left. Mr. Bloxam, who has paid 
particular attention to the subject, gives in the last edition of his. 
* Gothic Architecture’ (1859, p. 90) a list of more thap 90 churches. 
(46 of which he has himself examined), which contain portions of 
presumed Saxon architecture. Mr. Rickman believed he had verified. 
the existence of such remains in 120 churches. 

Saxon architecture would be best described as the earliest form: 
of foe, aia (Romanesque Ancuirecture.] The‘earliest 
Anglo-Saxon architects made use of the materials of the Roman build-. 
ings, wherever they could obtain them, and imitated the Roman. 
wor! ip. In the brick walls and semicircular arches of the oldest. 
Anglo-Saxon buildings, there are evident attempts to copy what is. 
called the herring-bone work of the debased Roman architecture which. 
prevailed in England. But the buildings were constructed by, or under 
the direction of, ecclesiastics who had acquired on the continent the 
current taste in ecclesiastical architecture ; and who carried out their 
views as well as the skill of the workmen and the materials at their 
command permitted. For the more important buildings—and there 
are accounts in the chronicles of the erection of cathedrals and monastic 
edifices of considerable importance—foreign workmen were brought 
over. Accordingly, we find throughout the period a reference more or 
less direct to continental models, and, as might be expected from the 
connection of the court and the clergy, towards the latter part, a 
growing approximation to the Norman taste. 

The style extends over a period of nearly four hundred years—from 
the latter part of the 7th to the middle of the 11th century. It is 
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usually divided into two periods, the first extending to nearly the end 
of the 10th century, the second continuing to the Conquest, But the 
second period is Shnt when the Norman influence prevailed, and when 
the style differed in little from the Norman but in its being less refined 
and artistic. [Norman Aromrrotune.] Here, therefore, it will be 
enough to indicate a few of the distinctive characteristics of the older 
variety. 


No complete Anglo-Saxon church remains; but from those which 


are most lect, as Brixworth in Northamptonshire, and from the | tury 


references in Saxon records and the drawings in manuscripts, we see 
that the churches were rade, plain, and massive in appearance, and 
that whether cruciform, or with nave, side-aisles, ia a tower at the 
west end, the chancel was ustially apsidal. [Apsis.] Crypts ap to 
have been not uncommon in the larger churches, and a saleabiy ver. 
fect one is still extant beneath the chancel of Repton church, Derby- 
shire. Towers were commonly very massive, divided into two or three 
stories by the rib-work described below ; the surface being also divided 
by strips of similar rib-work, and having at the angles quoins of long- 
and-short work. The walls, where surmounted with a spire, or rather 
apire-roof, seem to have mostly had a gable-like termination ; of this 
gable termination a good example remains in the tower of Sompting 
church, Sussex, though the roof-spire has been lowered. Of a more 
elaborate tower, Earl's Barton, Northamptonshire, is one of the most 
perfect existing examples, From their solidity of construction, the 
towers have proved the most parts of Saxon churches. 

The walls were usually built of coarse rag-stone, rubble, or flint, 
having as bonding at the angles oblong quoins set alternately upright 
and horizontal, so as to form what is called long-and-short work. 
Narrow ribs or strips composed of alternately long and short pieces of 
stone, proj 8 few inches from the surface, are carried vertically 
up the face of the wall, and have been variously supposed to be rude 
imitations of pilasters or of timber-work. The piers were low and 
thick. The arches are either triangular, as at Brigstock, or, as is more 
common, semicircular. Windows are small; mostly, in fact, mere 
narrow openings, Sometimes, and the belfry-windows commonly, the 
consist of two semicircular-headed windows, divided by a thick an 
variously shaped baluster-shaft. Occasionally these double windows 
are enclosed within an arch or hood, formed of the pilaster rib-work 
above described : engravings of all these varieties will be found in 
Bloxam (ch. iii.), and other works on English Gothic architecture. 
The chancel arches are commonly small and quite plain, or have at 
most a moulded hood rudely worked on the face. Doorways have 
either semicircular or triangular arches: the former spring from plain 
projecting im , and are encircled with a hood of long-and-short 
rib-work which is usually carried down to the ground. 

Mouldings are few plain. In the later examples semi-cylindrical 
poteaatee ne are not infrequent. In the older churches sculpture is 
seldom fo ; but later, rudely carved animals and flowers, knot-work, 
Greek crosses in relief, and other ornaments, are let into the walls. 
The imposts from which the arches Spring are commonly mere rude 
massive blocks left square and plain, but they are sometimes moulded, 
and are occasionally rudely sculptured, as at Sompting, Sussex. Plain 
square string-courses are often met with; and inscriptions seem to 
have been not uncommon. The distinctive features of the style are, 
however, the long-and-short work of the quoins, the pilaster rib-work, 
the triangular arches, and the baluster-shafts of the belfry windows : 
the other particulars are not infrequent in early Norman work. 

SAXON BLUE. [CoLourtne Marrers.] 

SAXON LANGUAGE AND LITERATURE. The terms Saxon 
and Anglo-Saxon are popularly used to designate that dialect of our 
language which prevailed to the close of the 12th century. * The use of 
these terms is, however, comparatively modern, and the men who 
spoke this dialect always called it the English. Several of our manu- 
script chronicles begin thus :—* Britain island is eight hundred miles 
long, and two hundred miles broad. And there are in the island five 
languages, uglish, and Brit-Welsh, and Scottish, and Pightish, and 
Book-Latin,” &c. Still we may use these terms with some con- 
venience, and (thus cautioned) without an danger of being misled. 
We proceed to point out the peculiarities which distinguish the Anglo- 
Saxon from the succeeding dialects of our Jan 5 

The Anglo-Saxon, like the Latin and the Greek, often distingui 
the cases of its noun, and the conjugations, numbers, and persons o 
its verb, by a change in the yowel of t the final syllable; in the dialect 
which succeeded, and which has been called the Old English, all 
these vowels were confounded, and in our modern dialect they have, 
SD eee lost. aren anda eat ath has athas in 

e ive tive plural, itive singular ; 
the Old English oth has othes not only for its genitive Sigalars but also 
for its nominative and accusative plural; and in our modern English 
these three cases are all represented by the monosyllable oaths. Again, 
in the Anglo-Saxon, athe was the dative singular, and atha the genitive 
plural ; in the Old English, othe represented both dative eek tel 

ve plural ; and Our prostns dialect, having lost the final vowel, 

no means left of nguishing these cases from the nominative 

oath, The third person singular of lufian was lufath, and the first, 

second, and third persons plural luflath ; in the Old English, loveth 

represented both numbers, and Jov’th is the third person singular in the 
spoken language of the present day. 


300 
We say “ en language,” because our grammarians make eth the 
‘ending of the third person . But in Somersetshire, west of 
Parret, where the southern still lingers, they unifi 
lov'th, he read’th, he cee’ th, it rain’th,&c. (Jennings, ‘ Obs. est. 


on the Wes 
Dial.’) We have very satisf SS gto she 10m Baked 
turies this dialect was ou south | 
sai we f r° ties in the literature 


and we a numerous traces of its 


“80, mid the vale, the greyhound seeing stert \ 
His fearful foe pursu'th, before she flert’th, q 
And where she furn'th, he turn’th her there to beare, } 
‘The one prey prick’th, the other safeties feare.” 

Mirr, for Mag. 


Spenser has melt’th and hat’th, and Sackville leap'th. It is 
that the inflexion used by the translators of the Bible, and 
found in other contemporary works, was merely an old form, taken: 
the language of books, and adopted chiefly with the view of 
style. The same observation will apply to est, the inflexion 
second person singular, and to some other 5 
preserved entire in our grammars, though they have : 
the spoken language, for the last two centuries, = 
It is obvious, that either of the changes above noticed must 
brought with it a new language. When, in the 12th century, the . 
vowels of the final syllables were confounded, there was at the 
time a confusion of ig tana ea of tense and a pa 
of those i ‘orms to which language owes its precision 
eee an tease uguaaes forms of expression before 
he could convey his meaning clearly, As he had lost the 

istinguishing several cases of his noun, he called in the 
to his aid, and to show more clearly the “ regimen” of his 
was obli to confine within very narrow limits the position of his 
verb,—thus abandoning all that om of transposition, s* 
almost as remarkable in the Anglo-Saxon as in the Greek and Latin. 
The confusion introduced into his conjugations and 
to remedy by various devices, which have hitherto 
investigated, and at last he had recourse to that 
auxiliary verbs, which is at present so marked a feature in the language. 


m from further corruption, oe 
n tracing the causes which melted down the Anglo-Saxon into the 
Old-English, we have not once alluded to the influences supposed to 
have been exercised by the French language. The 
this subject are, we believe, most erroneous. Had 


The victory of hastened by a few years an event that 
was inevitable. The use of Norman-Romance as the court language of 
England rendered unfashionable a literature already too weak to stem 
those changes to which the of a busy adventurous 
peculiarly liable ; and thus far the Norman conquest may be 

as having assisted in the destruction of the Anglo-Saxon. But the — 


folgee notion, that it uced a mixed 
of English and 


that hi outhority ehiedl ed them. The learned but 
t his authority chiefly sanction em. e 1 
which converted the Angl 
the Old-English, we will now call the reader's attention to a subject of 
rather difficult inquiry—its local dialects. It is abundantly clear that 
ae le, and speak ay af Fee bu y Pe hag the , 
people, as i e same language; but a 

Anglo-Saxon with the Stosso-Gothie, as well as the of 
langeages, may convince us that even thus early were dialects, 
id these di have now been acted upon by ya for 
Nesey 2000 years, till they have at last te 


at families—the Northern, the English, 
ffigh-Dutch. Now we have ample proof that the Sexe came 
south-western corner of the Cimbric Chersonesus, 
only separated by the Elbe from the gg aga 
e know 


country, where the Low-Dutch was 
Engle came from the eastern coast, that they were separated from 


the Danish islands merely by @ narrow arm of the 
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in the counties colonised by the Engle we should find 
ies of the Northern languages, and in the counties 
the Sexe much that reminded us of the Netherlandish or 
We believe the Northern and Southern dialects of our 
been at all times distinguished by such peculiarities, but 
records have come down to us written in the pure dialect 
ern counties, that it is only by comparing them in the 
or Old-English stage of their progress that we can form any 
ion of their distinguishing features. Perhaps these are best 
the conjugation of the verb. The following table may show 
¢losely the inflexions which distinguish our northern dialect 
s with those of a Swedish conjugation :— 


South Dialect. Yorth Dialect. Swedish. 
Pres., Ich hop-e I hop-es jag hopp-as 
an » thu hop-est thu hop-es du hopp-as 
” he hop-eth he hop-es han hopp-as 
~~ we hop-eth we hop-es vi hopp-us 
5) ye hop-eth ye  hop-es I hopp-ens 
aa they hop-eth they hop-es de hopp-as 
Pert., thu hoped-est thu hoped-es du hoppad-es 
Imper., hup-eth ye hop-es ye 
to hop-en to hop-e att hopp-as 


frequent use of 
resembles the languages 
nker, a haunch; teamer, a 


Another peculiarity of our Northern dialect is the 
substantival ending er (in which it agai 
urope), as wulfer, a wolf; 
; ; heather, heath ; fletcher, a fletch, &e. 
In this dialect we have also a less frequent, use of the articles, con- 
unctions, and personal pronouns. This is one of its most striking 
Every person who has been in the North of England must 
such phrases as “come out o’ house,” “gang into field,” 


in poke,” &c. 
ities of our Northern dialect may be traced to the 
; and there is little doubt that the most striking 
ern dialect, namely, its preference of the vocal 
letters, as z for s, andv for f, is equally ancient. It 
iled i Netherlandish di , and may be traced 
hy of our Southern manuscripts to the beginning of 
ry; but, as the ap cry had neither a v nor a 
by analogy we infer the existence of the corresponding 
i e. The argument however from analogy is so 
we may safely conclude either that the Anglo-Saxon 
were pronounced in our southern counties as ¢, z, or that, like 
I s, they represented both a whisper and a vocal sound; 
words, were pronounced sometimes as j, #, and sometimes 

a8 ¥, 7. 


_ It may possibly be asked, were not the fo: here attributed to our 
orthern dialect introduced by the Danes? they not, in fact, the 
' iatg der ly of the “Dano-Saxon?” We will not affect to treat 
hese « as altogether without difficulty ; but there are some 
CO which may be laid concisely before the reader, and 
bya they ap; to! him as forcible as they appear to us, may 
ead him to answer these questions in the negative, 
____ In the first place, it must be remembered, that if no Dane had ever 
set foot on thé island, the very results which have taken place might 
og tory It is also an ment of weight, that we find all 
great features of our Northern dialect in places where there never 
ag eag agape vainly search for them, or at best only 
fain trace them, in counties where we have historical evidence that 


the Northmen were numerous. But the strongest argument may be 
Ge me Sah tha of our Northern manuscripts. We have two of 


Fi 


E 


SEES PE 
ree 
iif 


ack 


s 
z 


iy 


* 
es , 


ety. The first of these was written, erry | to Wanley, in the 

age of Alfred, and the second has been assigned by its editor to the 

part of the 9th century. If we can rely on the judgment of 

of these pididtarted, the uestion seems to be answered ; for 

there was no Danish settlement in the north of England till a later 

period ; and we have the Northern conjugation and other peculiarities 

the dialect in every Y page of the Gloss, and in many parts 

the Ritual. The name too is thoroughly English ; and 

ean hardly suppose that the monks of Durham would have per, 

initted a rude and unlettered ee opel to interpolate their most 

manuscript—a volume which we know they regarded with 

i : ae ae res r0- 

: language of the day and the spoken 

it of his shire, such as might be used by a provincial writer of the 

day, and such as was avowedly used by Gawin Douglas in the 
and ft a later period by Burns. 

ge itt our manu- 


the total extinction in many counties of out local dialects, 
extremely difficult to point out the limits within which our 
it dialects were spoken. Layamon, whose 1aj seems 
belong to the Southern dialect, is ied in all the 


of our poetry as a native of South Gloticestershire ; but the 


localities mentioned in his poem belong to the north of Worcester- 
shire ; and he was, beyond doubt, an inhabitant of Areley-Regis near 
Stourport in that county. If he used the dialect of the neighbourhood 
(and this must be assumed till the contrary be shown), the Southern 
dialect must have prevailed over the whole of Worcestershire, and the 
men Of that shire must have been Sexe in origin, and not, as hitherto 
supposed, a colony of Engle. Perhaps a line drawn from the north of 
Essex to the north of Worcestershire would pretty accurately define 
= portions of the island respectively colonised by the Engle and the 
exe. ‘ 

The origin of the Midland dialect may admit of the following 
explanation. Neither natural obstacles nor political divisions ever 
separated the Northern and the Southern dialects. During the hep- 
tarchy, Gloucestershire and Oxfordshire belonged to Mercia, and not 
to the kindred race of the West-Sexe; and when the Danes held 
possession of the north of England, the shires of Warwick and North- 
oe ger and generally that of Leicester also, were united in the closest 
ties with the Southern countries. This fellowship seems to have 
led, at a very early period, to the use of an intermediate dialect, which 
would naturally be encouraged by the vas} numbers that flocked from 
all parts of the country to the universities. The ‘Reve’s Tale’ affords 
us a specimen of the ridicule which attached to the forms of Northern 
speech, and we know that the speech of the Southern was treated with 
just as little ceremony in the north of England. (See ‘ Towneley 
Mysteries.) Hence we may understand the progress made by the 
intermediate dialect, and are prepared for the conclusion, to which 
we are led by an examination of our Old-English manuscripts, no 
less than by the express declaration of a contemporary philologiat. 
Higden, who lived in the 14th century, ranges our provincial dialects 
under three heads, the Northern, the Midland, and the Southern ; and 
this division seems to have been generally recognised by our antiqua- 
ries, for in our catalogues we find some manuscripts. noticed as 
belonging to our Southern dialect, others as belonging to the Northern, 
while many of them, exhibiting the marked peculiarities of neither 
dialect, are passed over without remark. ; 

The a which gradually produced the Midland dialect most pro- 
belly Smt showed itself in the counties of Northampton, Warwick, 
and Leicester. It seems to have been brought about not so much by 
adopting the peculiarities of Southern speech, as by giving greater 

minence to such parts of the native dialect as were common to the 
outh. The Southern conjugations must at all times have been 
familiar, at least in dignified composition ; but other conjugations were 
popularly used, and in the gradual disuse of these and other forms 
peculiar to the North the change consisted. We have many manu- 
scripts written in the Midland counties,‘in which all trace of the 
Northern dialect seems to have been studiously avoided ; yet in very 
many of them may be found some verbal inflexion in es, or some 
other popular form, quite sufficient to betray the writer. 

The Northern dialect was still broadly spoken, within the last three . 
centuries, in the counties of Lincoln, Rutland, Derby, and Stafford ; 
but it has been gradually giving way before a language so much more 
widely understood, till it is now to be found only in scattered localities 
amid the mountains of the north of England, or in the lowlands of 
Scotland. The Southern dialect began to yield at a later period. It 
was certainly spoken at the beginning of the 17th century in all the 
counties round London. For specimens of the Middlesex dialect see 
Ben Jonson's ‘Tale of a Tub;’ ‘ Lear, iv. 6, furnishes us with an 
example of the Kentish dialect ; and nearly jone half of ‘Gammer 
Gurton’s Needle’ is written in the same dialect of Essex. Milton, when 
he issued forth 

“To breathe 
Awiong the pleasant villages and farms,” 


must have heard a dialect around him in all essential particulars the 
same as the Somersetshire. 

We will now take a rapid survey of the literature which belongs to 
the language whose history and peculiarities we have been endeavour- 


‘ing to trace. As in the case with the literature of most nations, we 


find that all its earlier specimens are metrical. We will therefore first 
call the reader's attention to our Anglo-Saxon poems; and to define 
more clearly the range of our present inquiry, we will briefly notice 
the properties which, at that early period, distinguished verse from 


Tose. 

; An Anglo-Saxon verse is made up of two sections, which together 
may contain four, five, six, or even more accented syllables. These 
sections are bound together {by the law of alliteration, or, in other 
words, each verse must have at least two accented syllables (one in 
each section) beginning with the same consonant or with vowels, 
Sometimes, and particularly in the longer verses, there are two such 
alliterative syllables in the first section, as in the verse 


met | od for | thy man | e——man | cynne fram | " 
It is very incorrect to call this alliteration the “essence” or the 
“ groundwork” of Anglo-Saxon yerse. It is certainly an important 
part, but still a mere adjunct. The purposes it served were similar to 
those which are provided for by the final rhyme of our modern yersi- 
fication, ‘The essence of Anglo-Saxon verse consisted in its system of 
rhythm. As the accents generally varied from four to six, it may be 
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thought that the rh, thm was too vague and Joose, but in practice it is 
generally found euficiently definite; and there are some of its rules 
which certainly give it a more scientific character than belongs to the 
system that bas superseded it, For example, no sentence, nor ‘any 
important member of a sentence, could end otherwise than at the 
close of a section. In our modern poets we often find a sentence ending 
in the midst of a section, or even immediately before the last syllable 
of the verse :-— 
“ peers 
Haye found | him guil | ty—of high-trea | son, Much— 
He spoke and learnedly for life,” &c. ; 


but such a verse would not have been tolerated in an Anglo-Saxon 
poem. We may indeed find scores of such verses in the printed 
editions of these poems; but not one single example, and we speak 


pea in any Anglo-Saxon manuscript. 
The ‘ Gleeman’s Song’ is the oldest specimen extant of Anglo-Saxon 
literature. It is found in what is called the Exeter manuscript, one of 
the books left by Bishop Leofric to his cathedral, about the middle of 
the 1ith century. Of the Gleeman himself we know nothing, save 
what can be learned from the poem; but from certain passages in it 
we may gather that he was born among the Margin. * tribe which 
dwelt on the marches that separated the Engle from the Swefe ‘in the 
4th century. In early youth he attended a Mirging princess named 
Ealhild to the court of Edocenkre the celebrated king of the East-Gotep, 
and who figures so often in Roman history under the name of Ermen- 
ricus. (‘Amm. Mare.’ xxxi. 3, &c.) His professional ckill appears to 
have gained him the favour of this monarch, and of the great lords 
who frequented the court, and whom he visited in their respective 
governments. He afterwards accompanied a Mirging prince into Italy, 
probably during the inroad of Alaric, a.p. 401; and as Gothic leaders 
were now rapidly gaining a footing in the empire, he seems to have 
seized the opportunity of wandering through its provinces. On his 
return, he must have been an eye-witness of the wars waged between 
JEtla (Attila) and the East-Goten ; and as /itla’s accession dates only 
in 433, and Eormanric died in 375, he must have been more than 
seventy when he wrote the poem. 

The ‘ Gleeman’s Song,’ like many other Anglo-Saxon poems, has a 
— de in verse, which appears to be of almost equal antiquity 


m. 
Then itows a list of celebrated kings, from which the Gleeman 
selects for special notice Alexandreas, who apy to be Alexander of 
Macedon, and Wala, who is, no doubt, the Wallia that founded the 
kingdom of the Visigoths at Toulouse, a.p. 417. With the exception 
of Alexander, all of them appear to have been the Gleeman’s contem- 
poraries, After this enumeration he proceeds— 


** So I fared through many stranger lands, 
Through the wide earth ; of gcod and evil 
There I tasted; from family parted, 

From kinsmen far, widely I did my suit— 
Therefore may I sing, and story tell, 
Relate fore the crowd, in mead-hall, 
How me the high-born with largess blest. 


I was with the Huns,” &c. 


We have then the names of nations and of countries visited by him, 
which appear to be strung together in the order best suited to the 
alliteration. There are also certain notices of the great people by whose 
bounty he had benefited, and the reader will not be surprised at the 
Gleeman seeing only a liberal patron in the same monarch (Eormanric) 
whom the author of the preface denounces as “a wrathful treachour.” 
The whole concludes with a short eulogy on the dignity and_privileges 
of his craft. : 

The great value of this poem lies chiefly in that string of names, 
which jwe have omitted as being so little interesting to the general 
reader. We do not stop to examine the question, iter any or how 
many of these notices have been interpolated during the five centuries 
which between the composition of the poem and the writing 
of the manuscript. Our knowledge of early Saxon history is so scanty 
that all such speculations must be hazardous. But we may observe, 
that the Scriptures had beep translated into a Gothic dialect long 
before the Gleeman his wanderings, and we know from Roman 
history that during the 4th century nearly one-half of the Gothic 
tribes were Christians. We need not therefore necessarily feel 

icion, when we read of the Assyrians and the Persians, the Jews 

the Idummans: they may have been as well known to the Glee- 
man as to the Saxon monk who transcribed the manuscript. The 
chief interest however attaches to the mention of the various Gothic, 
Slavish, and Finnish races. In tracing their hi » the ‘ Gleeman’s 
Song’ is the great link which connects the knowledge gained from 
Latin sources with the information gleaned from. the Middle-Age 
chronicle. In many instances it furnishes the only means of penetrat- 

the mystery which surrounds these races. There are tribes, still 
to be found between the Wolga and the Vistula, which we can identify 
with others named by the Gleeman, and thereby prove to have -had a 
political existence fourteen hundred years ago, of whom hardly 
another trustworthy memorial can be found, till within the last two or 


three centuries. The helps which it affords ST ak the web 
of Gothic fiction are also most valuable, and may, if rightly taken 
advan of, save us from much of that speculation in which Golam 
scholars have indu! 80 ? 

There are two other poems, which must have been before 
the Engle left the Continent, the “Battle of Fins-burgh,” and the 
‘Tale of Beowulf.’ The first of these is a mere fragment, and aoe 
to have belonged to one of those historical songs which ; 
(‘ Germ.,’ 2) represents as the oy literature of the ancient Germans. : 
The other is chiefly taken up with the relation of two of Beowulfs | 


adventures: the first against a monster called the ‘Grendel; the 
second against a terrific “worm,” or “earthdrake.” The poem has 
come down to us in a modernised form, and the mixture of Christian . 
and heathen notions is sometimes singularly curious. For the most } 
part, the nature of the subject, and the marked change that takes 
place in the rhythm, enable us to lay our finger on the very line where 

the interpolation begins. The following is one of the attempts to 
reconcile the old superstitions and the new creed :— 


“The grim stranger was Grendel hight— 
Mighty pacer of the March ; who held the moors, 
Fen and fastness—land of the Fifel-kin. > 


The hapless man long had kept it, 

Sithen his Maker him had doomed, 

On Cain's kin the slaughter avenged 

The eternal Lord,—for that he Abel slew ; 

For joy’d he in that feud, but him out-drave 

His Maker, for the sin, far from mankind, 

Thence evil births all proceeded, 

Ettyns, and Elves and Orknees ; oi ‘ 
So too the Giants, that with God fought . 
A long throw—for it he paid them meed !” 


The Goths seem to have peopled every solitude with 
monsters called the Fifel-kin. he sea, the moor, the fen, the march, 
or desert track which surrounded the territory of every Gothic tribe, 
were their dwelling-place. The battle, by which Offa settled the 
marches between the Engle and the Swede, was fought at Fifel-door 
(see ‘ Gleeman’s Song’), and Alfred, when he brings his hero from Troy, _ 
launches him on Fifel-stream, that is, the monster-deep, Ettyns wei 

| 
| 
. 


long remembered in our popular superstitions :— 
“They say the king of Portugal cannot sit at his meat, but the giants and 
ettyns will come to snatch it from him.” — 
Beaum, and Fl. Knight of the Burning Pestle, — 
one of those fits of diffidence which so often overtake the sensitive — 
poet, As he slept in the neathouse, some one, he thought, aged 
him to sing, and the song he composed, and which was next da 
re’ to an admiring audience, established his reputation as a 
Sn gained iin she Degree eee He became a monk : 
looked upon as one who received the gift of song from above ; and 
von his death his body was enshrined, and valued as one of their most 
precious relics by the monks of Whitby. : 
Only six of Caxdmon’s poems have reached us. The subject of the — 
first is the Creation; that of the second, the Temptation and Fall, to 
which is added, rather inartificially, a narrative of the events recorded _ 
in Genesis, to the offering of Isaac ; the third relates the Exodus; the 
fourth, the story of Daniel; and the Torments of the F 
Christ's Harrowing of Hell, followed by his Ascension and Glory, are 
the subjects of the other two. Bede tells us that he also wrote on our 
Lord’s Incarnation and his Passion, as also on the Advent of the Holy 
Ghost, and the teaching of the Apostles, What remains is equal in 
ogeite about one half of the ‘ Paradise Lost,’ [Caipmon, in Broa, 
TV. 


e have called the ‘ Battle of Fins-burgh’ an historical : 
another poem of the same class was written on the death of B; 
who bravely fell in resisting one of the Danish inroads, a.p, 993, _ 
Works, now lost, were written in the 11th century, by Leofric, Here- 
ward's chaplain, on the warriors of our history; and the ‘ 
commemorative of Hereward’s exploits, Ww: Ingull tells us were fn 
his day so popular, were probably written by the same hand, There 
can be little doubt also that many of the Old-English romances, as 
‘Horn,’ ‘ Havelok,’ ‘ Bevis of Southampton,’ ‘Guy of Warwick,’ &c., _ 
are mere adaptations of on poems. Occasionally the subject , 
was taken from foreign sources, of which the ‘Tale of Judith,’ pro- 
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2 in the 10th century, affords a splendid example. The 


bab! 
. a us of Tyre’ is in prose, and a mere translation from 


of 


_ death of the Confessor. The first and last of these are among the 
noblest specimens of Anglo-Saxon poetry. 
A deal of Anglo-Saxon verse was written during the 11th 
century. One of the writers seems to have been called Deor. His 
_ name occurs in a poem which exhibits many difficulties of construction, 
and perhaps some blunders of transcription; but it may be gathered 
that he was scop or minstrel to the Danish princes who succeeded 
Knut, and he appears to have lost his place at court when the Con- 
fessor mounted the throne of England. The name of Cynewulf has 
also been extracted from certain poems found in the Exeter and 
Vercelli manuscripts. It was hid in a kind of riddle, sitilar in 
character to our moderti acrostic. He was probably the compiler of 
the two manuscripts, and may have been the author of much of the 
which they contain. 

But the noblest relic of this period is the Psalter published by the 
University of Oxford, from a manuscript preserved in the ‘ Biblio- 
théque du Roi’ In the first part, each psalm has an Anglo-Saxon 
translation ol ek and also a preface giving some account of its 
history, eer seope, and tendency. The translation often para- 

Latin, so a8 to show more clearly its doctrinal or prophet- 
ical meaning: but from the 50th Psalm, the translation is metrical, 
“ though literal, exhibits many cases of glaring miscon- 
struction. prefaces also disappear, and the whole seems to be the 
_ work of a man very slenderly provided even with the rudiments of 
learning. This deficiency, however, may now be considered as amply 
‘compensated for by the high character of the poetry. Some of the 
psalms are translated with a terseness and also an elegance, which 
ace the translation far above any of our modern versions, and there 
occasionally a Miltonic sweep of language, that has not often been 
“a py even in the choicest specimens of our sacred poetry. 
note in the manuscript informs us that a priest named Wulfwin 
Cada “ wrote it with his own hand” (manu suf conscripsit). We 
think it extremely probable that Wulfwin copied from some manu- 
seript the prose version as far as it went, and then drew on his own 
resources. There are numberless instances of transcribers altering and 
continuing the work they were copying. Most of our manuscript 
chronicles were transcripts up to a certain date, and were then con- 
tinued as original compositions. The verb conscripsit shows it was a 
com) jon ; and if Wulfwin had before him a metrical translation, he 
hardly, with that passion for stately language so common among 
, have ed it to the prose version. To Wulfwin 
Cada we thi fairly be ascribed both the faults and the merits of 
aebsion. 


Wo 


Among the most important prose works of our Saxon literature 
must be ranked those extraordinary compilations which are commonly 
called (as if they constituted but one work) the ‘Saxon Chronicle.’ 
The earliest of a Saxon Chronicle now extant is the Plegmund 
Manuscript, in the library of Corpus Christi College, Cambridge. It is 
written, as Wanley observes, in the same hand to the year 891, and in 
hands equally ancient to the year 924. After that date it seems to 
have been continued and in lated by various transcribers, whose 
notices of Christ Church, Canterbury, leave little doubt that the 
volume was once the of that cathedral. As Plegmund was 
consecrated archbishop in 890, and died in 923, it haa been inferred 
‘that the original text was compiled by his order, and continued 
from time to time under his direction. The internal evidence favours 
this ey The notices which it contains respecting the — 

Alfred and his immediate predecessors could hardly have been 
furnished by any but those who were present at them, and were 
probably bt of conversations which had passed between the 


,in of time, is the Dunstan manuscript in the 
British Museum. This is also a Canterbury manuscript, and appears 
to have om to St. Austin’s pe It is written throughout in 
the same , and ends in the year 977. As Dunstan was theti arch- 
bishop, and as the handwriting resembles that of other manuscripts 
axeribed to him, he has been named with some degree of confidence as 
the transcriber. However this may be, it must have been written by a 
tan of scholarlike attainment. We have only to compare the passages 
¥ . a An ’a death, with the corre- 
sponding pemmegrs n the Christ manuscript, 
Sesh is is particularly striking in the cal portions. The 
noble ode on the battle of Brunanburgh would have remained for ever 
_ muitilated, and in parts unintelligible, but for the copy preserved in 
the Dunstan Chronicle. 


Besides these two chronicles, we have a Worcester, an Abingdon, 
another Canter! Chronicle, and a fourth, which appears to have 
‘been written at Peterborough. It has been inferred (chiefly for 
reasons connected with the handwriting) that these were compiled 
resy in the years 1016, 1048, 1058, and 1125. We he e 
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also divers transcripts and collation’ made by Lambarde, Junius 
Josselyn, and other antiquaries of the 16th and 17th centuries, some of 
which were evidently taken from manuscript authorities no longer 
extant. Josselyn appears to have had in his possession a second 
Peterborough Chronicle; and Lambarde’s transcript in Trinity College, 
Dublin, is thought to have been made from an ancient manuscript 
which perished in the fatal fire that destroyed so many of our Cotto- 
nian treasures. The Plegmund, the Dunstan, the Abingdon, and the 
ancient chronicle transcribed by Lambarde, all began with Cwsar's 
invasion. The Worcester, Peterborough, and latest Canterbury manu- 
scripts begin with a description of Britain, extracted chiefly from Bede 
and Orosius. 

The antiquaries of the 16th and 17th centuries seem to have 
assumed that the Anglo-Saxon monasteries kept a regular record of 
contemporary events; and there are certainly grounds for believing 
that registers of a certain kind were really kept by them. Bede's 
‘History’ (iv. 14) has been referred to in proof of this. He tells us, 
that in the year 681 a boy, who was an inmate of Selsey Abbey, was 
seized with the plague, which was then desolating the country. As 
the poor lad was lying on his bed, he was accosted by two angel- 
visitants, who bade him tell the frightened monks that the plague 
would spread no farther, that it been stayed by the prayers of Oswald, 
of whose death that very day was the anniversary. “Let tliem,” said 
Saint Peter, for no less a person is the speaker, “ search in their books 
(in suis codicibus) in which are recorded the deaths of deceased persons 
(defunctorum depositio), and they will find that on this day he was 
taken,” &e. The abbot, we are told, believed the boy’s words, and 
straightway went atid searched in his chronicle (in Annali suo), and 
found that on that very day King Oswald had been slain, &. - Here 
reference seems to be made to some public register of the convent; 
and this register, or the earlier manuscript it was copied from, seems to 
have furnished materials for the Peterborough Chronicle. 

“ An. 642, Now was Oswald, king of the Northhymbre, slain,’ &e., 
“upon the Maser-field, on the day called the nones of August,” &e. 

The mention of the day on which an event occurred, is rare in our 
chronicles ; it is therefore probable that we have here the very passage 
which the worthy monk was sent in search of. 

That there were also public (or perhaps we might say national) 
registers, in which were recorded the accessions, &c. of the kings, we 
also gather from the same venerable historian. We are told (‘ Hist.’ 
iii. 4), such was the horror excited by the cruelties of the Welshman 
Ceadwalla, and the apostacy of the Northumbrian kings, that “ it was 
resolved upon by all who had to reckon the chronology of the kings 
(regum tempora computantibus) that the memory of the faithless 
kings should be blotted out, and the year assigned to the reign of the 
the king next following,” &c.; and he elsewhere adds, with studied 
phraseology, ‘‘ unanimo omnium consensu firmaturn est,” ‘ Hist.,’ iii. 9. 
In the Chronicles we have the entry :— 

* An, 634. 
hymbre, and he reigned ix. winters. They assigned him the ninth, on 
account of the heathenism which they practised who reigned the one 
year between him and Eadwine.” 

Here we find, within a century after Ida landed at Bamborough, a 
register kept of the Northumbrian kings, and general interest excited 
as to the entries made in it. From details mentioned by Bede, and 
which could only have been supplied by written documents, it is clear 
that these historical notices reached to the times of paganism. They 
must have been originally written in English, and with Runes, those 
ancient characters which were 44 partially given up when Chris- 
tianity introduced the literature of Rome, and which occasionally make 
their appearance in our manuscripts to the end of the 11th century. 
[Rouwes.] A too literal translation of these venerable documents, no 
doubt, introduced the many Anglicisms to be found in the works of 
Bede, and even of the Welshmen Nennius and Asser. On this ground 
only can we account for the intrusion into the pages of scholars like the 


| first and last of these writers, of such phrases as “ victoriam sumpsere” 
| (sige namon, An.-Sax.), “loco funeris dominati sunt” (ahton welstowe 


geweald, An.-Sax.), &e. 

With these materials at hand, we may readily understand the course 
followed in the compilation of our ony chronicles, Who were the 
parties that continued and interpolated these chronicles, is a question 
very difficult to answer satisfactorily. Archbishop Elfric, Saint Wulf- 
stan, Hugh White the monk of Peterborough, and others, have been 
named, with more or less of confidence, by different critics. For our own 

we could never resist a feeling, almost amounting to conviction, 
that the character of William was the work of the venerable Wulfstan. 
It begins thus :— 

“ An. 1087. If any wish to know what manner of man he was, 
or what state he held, or of how many lands he was lord, then will we 
of him write, as we him knew, we that have waited on him (the him 
onlocodon), and otherwhiles in his court have wonned,” &c. 

There were few English churchmen at the close of William’s reign 
who could put forth this claim to the confidence of their reader, and 
still fewer that could have drawn William’s character with the freedom 
and at the same time with the Christian feeling that distinguishes 
the whole of this noble composition. Wulfstan was at that time the 
only English bishop; and when, after describing the cruelty and 
sternness of the king, he adds the prayer, “may the Almighty God 
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And Oswald also took to the kingdom of the North- - 
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show to his soul mercy, and grant him of his sins forgiveness !” who 
does not feel that the moral qualities of the writer were as eminent as 
the opportunities enjoyed or the talents that improved them ? 

Among Anglo-Saxon prose writers, we must not forget the name of 
Alfred. His chief works are translations from the Latin, and of these 
the most remarkable are his versions of Bede, Orosius, and Boethius. 
Certain verses of the last-named author he has also paraphrased in 
verse. Among what may be termed his original works, are his 
accounts of the vo of the two Northmen Wulfstan and Ohthere, 
which were inserted in Hakluyt’s collection, and have been the subject 
of so much comment and criticism. 

Archbishop Wulfstan, better known by the name of Lupus, was a 
voluminous writer of homilies. He was translated from Worcester to 
York in 1002, and must be carefully distinguished from the Saint 
Wualfstan already mentioned. A still more celebrated divine was 
Zlfric, the t champion who led the English church in its re- 
sistance to the 1 Romish innovations of the 11th century, As might 
have been expected, his authority was appealed to, and with powerful 
effect, by the friends of the Reformation. One of Archbishop Parker's 
works is entitled ‘A Testimony of Antiquity, showing the ancient 
Faith of the Church of England, &c., being a Sermon translated out of 
Latin into English by ric, abbot of St. Alban’s; &c, It required 
all the exertions of the new theological school founded by Lanfranc 
and Anselm to keep under the principles so deeply sown by AE lfric. 

We will close this notice of Saxon literature by observing that the 
influence it has exercised upon the modern literature of the country 
has been much underrated. Without maintaining, as some authors 
have done, that Milton diligently studied Cedmon, yet we do not fear 
to assert that some favourite images, and even certain terms of expres- 
sion, may be traced through our literature, century after century, 
from the pages of the Saxon scop to those of 5) and of Shakspere. 
The mistaken criticism which some of these have called forth might 
afford matter for instructive comment; and serve in some measure to 
teach us the value of a literature which has been so much neglected. 

SAXONS is the name of a branch of the German nation. Their 
name is derived by some from that of the Saces on the Indus, by 
others from sex, a weapon, probably of the nature of a stone axe, and 
by others it is traced to the work sassen, that is ‘ settled, in contra- 
distinction from those German tribes who led a sort of nomadic 
life. The earliest writers who mention the Saxons describe them 
as neighbours of the Danes, south of the Cimbrian Chersonesus. 
(‘ Geograph. Ravennas, iv. 17.) Ptolemzeus also speaks of the islands 


of the Saxons, which were probably the modern islands of Eiderstedt, * 


Nordstrand, Wicking Harde, and Béking Harde. Orosius (vii. 32) 
says that they inhabited a marshy country which was almost inacces- 
sible to re. Towards the south-west they seem at first not to 
have extended beyond the Elbe. Tacitus, though he speaks of the 
Angli and Varini, who must have been close neighbours to the 
Saxons, does not mention them. 

The similarity of their language to’that of the Persians and ancient 
Indians affords reason for believing that the Saxons were of eastern 
origin; but how and when they came to occupy the north-western 
extremity of Germany, are questions which history cannot answer. 
Thus much only is certain, that at first they occupied a great part of 
the country between the Elbe and the Cimbrian Chersonesus; but 
when, during the migration of the barbarians, the neighbouring tribes 
changed their countries and migrated towards the south, the Saxons 
likewise began to extend in the same direction, and at last we find 
them occupying the country between the Elbe, the Rhine, the Lippe, 
and the German Ocean. This extensive tract of land is called by 
en a writers Old Saxony, to distinguish it from New Saxony, 
or England. 

In the 8rd century the Saxons often landed on the coasts of England 
and France, and ravaged the maritime districts; but about the middle 
’ of the 5th century (449) a body of Saxons and Angles established 
conga settlements in this island. The Angles, however, seem to 

ve prevailed in numbers or influence, for it was they that gave 
-the name to their new country, Angel-land, Anglia (England), Soong 
it was sometimes called Saxonia Transmarina. The name (0- 
Saxons, which comprises both Angles and Saxons [ANnGLEs and 
Enoianp, in Gxroc. Drv.] was invented by later historians for the 
sake of conyenience. history of the Saxons, who settled in 
England, and here, together with the became the origin of a 
new population, henceforth forms part of history of England. 

Those Saxons who remained in Germany conquered, about 530, 
conjointly with the Franks, the northern part of Thuringia as far as 
the little river Unstrut, but soon after gave up the eastern part of their 
conquest to a Slavonic tribe. The southernmost of the Saxons, about 
550, became tributary to the Franks, to whom they fae an annual 
tribute of 500 cows, In proportion as the Saxons advanced towards 
the mong aeeeeys = k better acquainted with the 
advantages of agriculture and the breeding of cattle, th uall 
abandoned their former piratical mode of ring, but ein come 
theless a spirited and warlike people. 

Towards the close of the 7th century we find the Saxons divided 
into three gt tribes, nawely, the Ostfali on the western side of 
the Elbe, Westfali in the country between the Rhine, Lippe, 
and Ems, and the Engeri in the centre, between the two former 


‘tribes, that 
towards th 


is, on both banks of the Weser. Their hostile feeling 
e Franks was kindled into a war under Charles Martel, who 
conquered some Saxon districts on the northern banks of the Lippe, 
and made their inhabitants tributary. This, however, was only a 
prelude to the great and bloody wars which, with several interruptions, == 
were carried on by Charlemagne from 772 till 803. Duringthese wars 
many thousand Saxons fell in battle, and thousands were put to death | 
because they refused to adopt Christianity, But they held out to 
the last, even after their chief Wittekind had submitted and becomea . 
Christian. The treaty of Selz on the Saale (803) at last terminated \ 
the war: the Saxons to become Christians, and were put on a 
footing of equality with the Franks, Henceforth their. forms 
a of that of the Carlovingian empire. To diffuse a know! of 
Christianity among them, and to establish the new religion more 
firmly, Charlemagne founded seven bishoprics, and from the places he 
appointed as the seats for these new ecclesiastical dignities, we may 
see the extent of country which they then occupied. The seats of the 
bishops were Osnabriick, Verden, Bremen, Paderborn, Minden, Hildes- 
heim, and Miinster. : 

SBIRRI, the name of a police force which existed in the Papal and 
other Italian states. They were not a military corps; they wore no 
uniform, and lived in their own houses; they received a 81 pay, and | 
were furnished with arms, They were ready at any time of bya | 
or night to rally at the summons of their captain, who was C 
Bargello, for the purpose of tracing and arresting bad characters or ~ 
8 persons. Parties of them went their rounds in the towns at 

ight. The Sbirri acted also as informers, and assumed various dis- 
guises for the purpose. They were under the orders of the 
ive governors of the towns and districts. This body of men fell 
at last into great disrepute: they were open to bribery, and often had 
a secret understanding with robbers and assassins. were 
recruited from among bad characters, respited crimi &e. 
they were abolished in almost every part of Italy, and replaced by the 
Carabinieri, a regular military body, like the teach gendarmes, who 
are found much more effective and trustworthy. Sbirri, however, are 
still employed in most of the Italian states, but generally under a 
ially improved institution. 

SCABIES, [Ircu. 

SCAFFOLDING. A temporary wooden structure, by means of 
which the workmen employed in erecting the framework of a building 
are enabled to place the various materials in their definitive ions. 
Scaffoldings are either supported wholly, or in part, by the s to 

e totally independent of 


which they are attached ; or they are mad 

buildings, with points of support upon the ground, Sometimes the 
machinery for hoisting the building materials is placed upon the 
‘independent scaffoldings ; at others, it is placed on the walls, or at the 
foot of the structure, or again, the materials may be carried up inclined 
roads anspaa a scaffolding, . 

When ‘oldings are supported by the buildings they are designed 
to serve, they are usually formed by innartie cone lhisn in the 
walls (if the glatter should be of a con- 
siderable thickness, and at some distance 
apart), which cross bearers project beyond 
the of the wall for a sufficient dis- 
tance to allow the construction of a gang- 
way for the workmen, and the extremities 
are strengthened by means of inclined 
struts. These cross-bearers are placed 
about 5 feet apart, horizontally; and in Z 
rows, vertically, about 6 feet apart ; and 
upon them boards of 1} or 14 inches in thickness are laid. Holes are 
left in the walls to receive the bearers, or putlogs, as they are called, 
and the feet of the struts are clipped by vertical ties, which cli; 
also the putlogs, and thus form a complete frame acting on 
sides of the ; the whole of this framing is removed on the com- 
pletion of the work, and the putlog-holes are filled in. When the 
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walls are close er, the putlogs bear upon them without an 
struts, but the folding in such cases rarel beyond the ex’ 
face of the wall, so that the workmen are o! to lay the materials 


“ overhand.” crea ge are built in this manner, without framed 
ing ; many of keeps of medieval castles were built by means 
of framed projecting trusses; and in Viollet le Duc’s ‘ Dictionnaire 
Raisonné de l'Architecture Frangaise,’ some curious illustrations of the 
manner in which the mediwval architects combined in the same 
scaffolding the functions of a working stage, and of an inclined road, 
will be found. 
, which are 
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of scaffolding. It is‘customary to strengthen some portions of the 
olds thus formed, in order to provide for the reception of the 

i machinery when stonework is used in conjunction with 
8; but of late years the scaffoldings of buildings in which stone 
employed haye been executed with framed baulk timber and 

con ity. Detailed accounts of scaffolds 
of this description are to be found in the ‘ Transactions of the Institu- 
tion of Civil i 7 in the ‘Builder,’ in the ‘ Nouvelles Annales 
de Construction, in the ‘Annales des Ponts et Chaussées,’ &c., in 
Rondelet’s ‘ Art de Batir; Kraft’s‘l’Art de la te,’ Perronnet’s 
-*Nouvelle Architecture Hydraulique,’ Fontana’s ‘Templum Vatica- 
num, &c. Descriptions of scaffoldings which have been made to serve at 
the same time as centres, or supports for parts of the work of the 
permanent structure, are to be found in those works. In Foster’s 

_ *Bauzeitung’ for 1854 there is a very good account of the suspended 
_seaffolding used in the reconstruction of the Pont Neuf, to which it is 
desirable to call attention. See also Emy’s ‘ Traité de la 


Charpenterie.’ 


rO- 
duced by the movements of the materials and of the workmen, bat 
also those produced by the wind, acting as the latter frequently does 
with a great leverage. It becomes essential, under these circum- 
stances, to frame and brace the whole system with extreme care; and, 
should the scaffolding have to remain a long time in place, precautions 
er een ne eoare sesleet any decay of the wood. This, of 
course, would be the most likely to commence in the portions of the 
ing built into the ground, or in those directly exposed to the 
action of the rain; the scarf or tenon joints also are very likely in 
these structures, which always have a degree of flexibility, to give 
access to a pep air moisture, and og to rot. It is only in 
buildings e greatest importance, or of a very peculiar nature, 
that scaffoldings entirely in ent of the walls are used ; for their 
construction requires erection of a timber frame on each 
of the wall, and is consequently a very costly operation. The 
seaffolds used  eany thom obelisks of Luxor, and in the Piazza in 
front of St. Peter's at @, are amongst the most remarkable works 
this kind yet executed. See Fontana and Emy. 
SCAGLIOLA (from the Italian scaglia,a scale or shell) is an in- 
ificial composition which is applied to columns, and 
most perfect imitation of marble, from which it can 
be distinguished either by the eye or the touch, as it takes an 
high polish and feels equally hard and cold. Scagliola has long 
in use in Italy, where, according to Lanzi, it was invented b 
uido Fassi of Carpi (1584-1649), and where it was afterwards muc! 
used for Florentine or inlay-work of the kind called a commesso. It 
was not introduced into this country before the latter half of the last 
earliest application of it was in the columns of the 
Oxford. , London, built James Wyatt. Since 
that time, it has been brought into more general use, the manufacture of 
considerably im pt pie can be executed at a com- 
paratively moderate cost. , it to a great extent superseded 
the use of coloured marbles for columns and other interior decorations. 
Jt is far less costly than any kind of variegated marble, though too 
to 


expensive to be abe into ordinary use on every occasion, and it 
answers the pu of the real material not only as regards appearance 
and effect, but durability also, since it will last quite as long as any 


other part of the interior of a building. There is besides the advan- 
tage attending it,that columns incrusted with scagliola may be made of 
wood and hollow, or else filled with a plaster core, and consequently do 
not require that support in the -floor beneath them, which would be 
necessary if solid marble shafts were employed; or if required to 
support a bearing above them, the columns may be of brick or ordinary 
stone, and afterwards coated with scagliola. Nor is the use of this 
confined to columns and pilasters only, for it may be and 
to other ornamental p , for table-slabs, pedestal- 
of rooms, borders of floors, he. 

The com or cement itself is prepared from the purest 
, which is first broken into small pieces, and after being 
ohne is reduced to powder. It is then passed through a fine sieve, 
and mixed with Flanders glue, isinglass,&c. In this state it is mixed 
with colouring matter of the hue required ; and as it is generally em- 
ployed for the imitation of variegated or veined marbles (all coloured 
ones being more or less 80), as many different colours and shades of 
the same colour must be mixed up separately as there are in the kind 
of marble to be imitated. Thus |, the composition is applied 
columns or other surface to receive it, and which has a 
rough coating of lime and hair. The different colours are laid on and 
mixed by the workman, and consequently much d ds upon his skill 
eee rege to the exactness of the imitation or the beauty of 
the veining streaking, which is done in the floating, as it is termed, 
on the cement. The next operation is to prepare the surface 
rubbing it with pumice-stone and cleansing it with a 


lish is then given by rub! it again, first with 
and Sleisdost on a piece of fine linen, pain with felt dipped 
seme oil,and lastly with oil alone, By this means a durable lustre 
is 


equal to that of the finest and most highly polished marble. 
By means of seagliola, not only may the costliest and rarest stones, 


g 


for po! 
wet 


porphyry, verde antico, giallo antico, &c. be successfully imitated but 
any combination of colours may be produced; for instance, purple, or 
emerald green, streaked with gold, Siena veined with purple, or any 
other splendid caprice that fancy may dictate. 

SCALD. [Burns anp Scatps.] 

SCALD, properly SKA’LLD, is an ancient Scandinavian word which 
signifies poet, as skdlldmiir or skdlldkona signifies a poetess. The name 
is, therefore, sometimes applied to the Scandinavian poets in general ; 
but it belonged more especially to that class of poets who celebrated in 
their songs the exploits of heroes. The Scalds were thus not merely 
poets, but also the historians of their nation. When Snorri Sturluson, 
the last and most celebrated of the Scalds (1178—1241), states that 
the Scalds indeed always praised their contemporary heroes most, but 
never attributed to them any fictitious deed, we must infer that the 
creative powers of these poets had no scope, at least as far as contem- 
poraneous history was concerned. The form and mode of diction» 
were thus the only parts in which they displayed their poetic powers; 
and how they availed themselves of this right is clear from the nume- 
rous specimens of Scaldic poetry still extant: they are full of the 
boldest and most extraordinary imagery, whence they are frequently 
very obscure and almost unintelligible. 

Scaldic poetry is almost the only source from which we derive our 
knowledge of the ancient history of the north of Europe. A consider- 
able portion of it goes back to the remotest antiquity, and contains 
only mythological legends; while another portion, in the form of 
poetry, contains historical accounts of contemporary events. Such 
poetical histories, very different from the rhymed chronicles of other 
nations, continued to be written down to the middle of the 13th 
century. The Scalds were generally in the service of a chief or king, 
whom they accompanied on his expeditions in the capacity of historio- 
graphers ; and it was the pride of the chieftains to obtain such Scalds 
as possessed most ability and learning. Their services were richly 
rewarded by the heroes whose praise they sang. 

We still possess a very long list of Scalds, among whom are persons 
of the highest rank, and even kings. The most distinguished, how- 
ever, were those of Iceland, and it is to these that we are indebted for 
the collection of ancient poetical traditions known under the name of 
the Eddas. Those which are more historical are known as Sagas, 
though in many cases these are mythical or legendary, as in the saga 
of Ragnar Lodbrok, and the ‘ Heldensage von Vélund’ (our Wayland 
Smith). Between the time when the death-song of Ragnar Lodbrok 
was composed (about the end of the 8th century) and that of SNorrr 
Srurtuson [Broa. Dry., where, by mistake, it is printed Srurutson], 
we have the names of upwards of two hundred Scalds, of whom the 
more eminent were, Egil Skallagrimson, who wrote in praise of Erik 
Blédaxe, king of Norway; Einar Skaloglam, on the deeds of Hakon 
Jarl; Eynind Skaldaspillar, one of the best of the race, whose 
* Harkinamal’ is also an eulogism on Hakon; Olaf Hvitaskald, said to 
‘be the author of a part of the prose ‘ Edda;’ and Sturla Thordarson, 
the writer of the ‘ Rafnsmal;' but none of them possess the vigour 
and freshness of the earlier productions, though sufficiently curious as 
presenting pictures of the life and manners of the times. With the 
introduction of Christianity the poetic power was devoted to the cele- 
bration of saints and miracles, and Ln zeal of weed priests es 
not only in suppressing the inspiration of the poets, but in destroying 
the e int piaebine, so that only in Iceland, where the priesthood 
was selected from the natives, and no foreign influence interfered with 
the old national literature, have any relics been preserved. Compare 
‘Fun ben des Nordens,’ by Legis; John Olafsen, ‘Om Nordens 
gamle Digtekonst, Grundregler, Versarter, Sprog og Féredrags mode,’ 
Copenhagen, 1786; and the article SNorrI STurRvLson, in Broa, 
D y 


IV. 

SCALE (Mathematics), A scale is any line drawn upon wood or 
other solid substance, and divided into parts, equal or unequal, the 
lengths of which may be taken off by the compasses, and transferred 
to paper, in aid of any geometrical construction. The manner in which 
the scale is divided depends of course upon the nature of the alge- 
braical or trigonometrical expression the values of which are to be 
represented, When the subdivisions of a scale are equal, any of the 
methods noticed in Granuation may be employed to obtain them; 
but in other cases, and indeed in the preceding one, it is usual to form 
scales by copying from an original which is carefully made in the first 
instance. 


The most simple of all scales is that in which the subdivisions are 
all equal, or, as it is called, a scale of equal parts. Such a scale is not 
only the most easily constructed, but may be considered as containing 
all other scales. For example, suppose it required to lay down very 
accurately an angle of 25°. It appears [Cuorp] that if the radius 
contain 500 equal parts, the chord of 25° contains 216 such parts and 
ths of a part. With a good scale of equal parts, and 500 of them 
taken as a radius, the angle may be laid down, if required, much more 
correctly than by a common scale of chords, [PRrotractor.] The 
largest table of chords which is laid down on common scales has a 
radius of 3 inches, the 500th part of which, or about the 167th of an 
inch, is a very small length ; and it is difficult to trust any scale so far 
without verification, except the scale of equal parts. In the latter 
species, one part may be tried against another. and any one may for 
himself very soon ascertain whether there be any perceptible error, 


rant SCALE, 


SCALE, 


Tn all the most accurate species of dra’ it is better to rely on 

tables and a really good scale of equal parts on any of the common 

scales, though the latter are generally very good, and will do abundantly 
well for ordinary purposes, 4: 

Long scales of equal parts are made with different subdivisions, 

ing from the 30th of an inch to the 50th. If the substance 

of the scale be ivory, an will very well bear division into 60 


lines laid down, 


contains parts :— wee 

1, uarter of an inch divided into 10 equal parts, each of which is 

into 10 equal parts by a Diaconan Scatz, There are 

diagonal scales, ane at each end of the scale of quarters, 
the one on the left dividing the Sth of an inch into 100 parts, and the 

-one on the right the quarter. It will easily be seen that the 400th of 
an inch is a uselessly small quantity, even when the lines are drawn on 
ivory. 

: “2A set of scales in which the inch is severally divided into 30, 35, 
40, 45, 50, and 60 equal parts: 10 of these parts make, in each case, 
one of the larger subdivisions of the scale, and one larger division is 
also divided into 12 equal parts; so that, when the larger division is 
made to represent a foot, feet and inches may be easily laid down. 

8. A set of scales in which the larger divisions are bbb bbb 
and {ofaninch. The larger division is, as before, divided into 
10 and 12 parts. 


unit being: 
compass; a scale of sines, wii 
seale of tangents, and of semitangents, the latter being really the same 
seale as the former, but marked with double angles, semitangent being 
a technical term, not for the half of a tangent, but for the tangent of 
halfan angle. We shall have something more to say of these lines 
under Ssctor. In Gunter’s scale, as it is called, which is a scale of 
2 feet in length, used in navigation, there are also scales of logarithms, 
of numbers, sines, tangents, &c., and also a scale of meridional parts 
[Rome Live]; of these logarithmic scales we shall have to speak more 
particularly under Siping Rue. ; 

SCALE (Music). A great deal has been written on this subject, 
by mathematicians, by musicians, and by those who combine both 
characters ; but, from various cireumstances, hardly anything which is 
accessible to the young arithmetician wishing for something which 
may really be a help to him in his musical studies, The Greek scale 
{ Music; Terracnorp], the only fruitless subject of inquiry out of all 
that is Greek, has exhausted the learning, science, and ingemuity of 
the best writers, with no result but this, that over-refinements of 
theory are found either to have hindered practical excellence, or to 
have arisen out of the want of it; most likely the latter, The i 
however which it was necessary to apply to the explanation of the 
Greek writers, has made it usual to write on this subject more pro- 
foundly than on others of the same difficulty; it is our object in the 
present article to explain the musical scale, if possible, more simply, 
and in its simplest parts: leaving to the article TempERaMENT. su 
considerations as, arising out of the present aren a8 required by 
those who would understand the bigher practical details of the 
subject. 

The object of music being to please the ear, or the mind through 
the ear, aa is no test of excellence nor criterion of fitness, in any one 
detail, except the opinion of the best judges, This seems to assume 
the question, for the best judges can only be described as those who 
best know what is good music. This circle cannot be avoided, either 
in speaking of music or any other of the fine arts; to taste we must 
apps , but not to the taste of every one. All we have here to do with 

is is to remark, that the mathematical considerations employed in an 
article like the present are not to be considered as placing the musical 
scale upon a mathematical basis, but simply as showing that there is 
something like an explanation of those rules which derive their 
authority, not from the mathematical system which embodies them, 


but from the sanction of the majority of cultivated ears. Those things | instead 


which are agreeable in practice are found to be in certain mathema- 
tical relations to one another which make the theory of the musical 
scale simple and interesting: but had it been otherwise, we should 
have left mathematical simplicity, and preferred a more pleasing 


complexity, 
The sounds which are agreeable to the ear are found to be those | b 


which are the consequence of vibrations of equal duration following 
one another; and the pitch of the note depends on the rapidity of 
vibration only. [Acoustics.] The note called a, for instance, sounded 
at the same time on a harp, a flute, and a horn, presents three different 
characters, three different intensities, but only one species of vibration 
as to the time of seating. if the first instrument communicate 430 

ina second to the air, so does the second instrument, and 
also the third. With the difference of intensity or loudness, and ‘with 
™ aiiveupe of  ahpreg the twang of the , or the tone of the 

rn, we have nothing 0 in considering the place of the note th 

sound in the scale; a cultivated ear discovers ‘that they sound the 


same note, and a mathematician knows that they severally conmuni- 
cate to the air the same number of vibrations per second. 
us 


ps, meer ertically ; 
wlgpit Ba. the otha this string be then set in vibration 
r or by the 


, stretching weigh 
nothing to do [Corp] except to remark,—1, That the ear observes 
material and tension remaining the same, the longer the string 
lower the tone, and vice versd, 2, That the mathematician knows 
that, ceteris paribus, the longer the string the fewer the number of 


enough, to give 30 vibrations per second. 
The yaniae 


in 
lower. 


the associations whic! 
accom 


YY ; 
For instance, it would be impossible to persuade any one, ee if light 
and darkness were to be imitated by musical tones, the light to 
be represented by low notes, and the darkness by high notes: and a 
composer who should accompany words expressive of transition from 
darkness to light by a marked descent from the higher part of the 
scale to the lower, would be thought to mean irony or burlesque. No 
satisfactory explanation has ever come to our knowledge as to 
associations. are awakened by the lower notes of the h con- 
nect them with darkness; but that this connexion does exist is 

Taking such a string or monochord (single string) as above described, 


be 2 


it is immediately found that any alteration of its luces some 
De mesa Ap the tone, readily be vi t, a dull or © 
unpractised ear may not ily perceive it; but let alteration be 
carried a little further, and there can be no difficulty, Such tone 


jarring effect, accompanied by beats [Acoustics]; but when the 
second string has been considerably shortened (say that this is done 
gradually), the disagreeable effect ceases almost at once, and at the 


moment when the shortened sing 
Two sounds are then heard whi 


* Woolhouse ‘ On Musical Intervals,’ p, 64. The author repeated the experi- 
ments of Fischer [Acoustics] and found a monochord thus constructed better 
than the common one for the purpose. His result was that A (the second space 
of the treble clef) made 424 yibrations in one second, . 5 
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¢, vibrate so that the one of ten feet makes seven vibrations 

f seven feet makes ten. 

P (pall gaol the most simple combinations; and 
two to one. Let the second be half the first, or 

vibrations while the first makes one: is then not only 

effect which is 


the second shall always be of twice as many 
simultaneous notes of the first, would be universally 


is perfect sameness, for so it will be called, 
instruments never sound the same tone together, 

explanation ; for though the ratio of the simultaneous 
is the simplest possible (two to one), there is no perceptible 

son why, because simple ratios geome. give harmonious com- 
gah aman imple of all should produce an absolute feeling of 
identity of character in the two tones. To this circumstance however 


in a given 
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Take auch a set of that while the first makes one vibration the 
- second makes @ of a vi , the third § of a vibration, and so on 
up to the last, which makes 2 vibrations; or take a set of strings 
stretched, of FED tht lene 6 the Fert boing 1, thet. of the 
ah a 80 of Me leet b very one of the notes thus pro- 
be agreeable when sounded with the first, and if the first 
C, the musician will the following part of the scale before 

most natural form ;— 


iy ST ea OS ae Ta 
These intervals have the following names; why, will presently 


' 


That a frequent repetition of sounds very near to another 
no f'ths uncultivated ear. Now the interval from the 
the major third is as follows; the first makes 9 of a vibration 


while the second makes 3, or the first makes 1 vibration while the 
second makes $x &, or 33. This is much too near to a unison for con- 
tinual repetition. 

2. That a frequent repetition of sounds too far from each other is 
not pleasing to the ear, after a little cultivation. If we look at the 
intervals from the fourth to the fifth, and from the fifth to the sixth, 
we find $ and }? for their representatives, while from the fundamental 
note to the minor third, and also from the sixth to the octave, the 
interval is ¢, much larger than the preceding intervals. 

Both these defects, as must easily be seen arithmetically, and as the 
ear finds out for itself, may be remedied by inserting a note between 
C and E in place of Eb, which shall make a better division of the 
interval CE, and by placing an additiongl note between A and (.. 
But how are we to choose these additional notes? If we cannot have 
any more very simple consonances with the fundamental note, we 
must take those tones which make the simplest consonances with 
other notes, and the more they make the better. We have already a 
repetition of some consonances ; for instance, 


Interval FC! is 2 + § = 3, ora fifth, 
Interval GC! is 2 + 3 = 4, or a fourth. 
Interval FA is § + 4 = %, or a major third. 


Now since gia de we see that a note, or one which makes 9 
vibrations while fundamental note C makes 8, will be a fourth 
below G, and § divides C and E well, the three potee 1,6 §, giving the 
intervals §, 1, already found in another part of the scale. This note 
is D, Again, observe the interval from E to F, or 3%, and take a 
fifth aboye E, or $x %or ¥: this fraction falls between § and 2, and 
looking at the i Tube sts Bs 8 See f 600 Ms Dose of them 
intervals already found. is note , or which makes 15 vibrations 


while the fundamental note makes 8, is B, and the usual scale of - 


civilised nations, called the diatonic scale, is now complete in the 
following— 


CcCDEFGAB? 
1h 435 ¥ 2 


This diatonic scale seems then to be the scale of the simplest con- 
cords of the fundamental note, with one alteration on account of the 
too great proximity of two concordant notes, and one interpolation on 
account of the too great distance of two others. If we examine all 
its intervals, we shall find both repetition and variety as follows 
c D standing for the interval from C to D, &c.), some new appel- 

tions being added ; 


CD=FG=AB. . «= % (major tone). 
DE=GA ‘ 3 + » = 4 (minor tone, §% of major), 
BF=BO, i 5 = 4 (diatonic semitone). 
CE=FA=GB . + « = 4} (major third). 
EG=AaC',. + . = $ (minor third). 
DF. 2. «© « « « = §$ ($$ of minor third), 
CF =DG=EA=GC' ., = $¢ (fourth). 

FB. + + + & $f (flattened fittn).* 
CG=EB=FO! . .= § (fifth).: 

DA. -. «6 oo & $9 (BR of fifth, 
(OMm DER 5.% . = § (sixth). 

Ec’, “| 7; ° + . = & (minor sixth). 

ig ge abe cna = 1S (seventh).* 

DOr... » = © « = 49 (fist seventh).} 
cc . F . . + = 4} (octave). 


We observe here the consonances mentioned before, two inhar- 
monious intervals, a new species of consonance (the flat seventh) 
standing as it were between the more perfect consonances and the 
others, and new varieties of a tone, of a minor third, and of a fifth, 
differing from those already described, and flatter by the interval $j. 
This interval is called a comma, and though the ear can distinguish 
a difference between the tones of two strings, one of which vibrates 
81 times while the other vibrates 80, ig the difference is so slight as 
to produce no prejudicial effect. With regard to the comparatively 
ps nape character of a flat Di rv , Soares that }f is very 
nearly toi, differing only by the interval 4. 

We cos alootths diatonic semitone, 42, which is incorrectly named, 
since, if beginning with 1, we repeat the interval of a semitone twice, 
we have 4 x {8, or 28%, which is very near to }, r (that is, higher, 
as flatter means lower) than a major tone by the interval ¢ and than a 
minor tone by 38, very nearly. 

We shall presently resume the diatonic scale, but we now proceed 
to mention two varieties of it. It seems to have been offensive to the 
ears of rude nations to hear any semitones at all. If we deprive the 
diatonic scale of F and B, the notes which make semitones with their 
nearest neighbours, we have C, D, E, G, A, C, for all the sounds which 
remain in octave. This unfinished seale, as we should call it, is the 
original scale of the Chinese, Avans, Hindus, and Eastern Islands, the 


* An inharmonious interval, when the notes are sounded together. 
+ Decidedly more harmonious than the seventh, 
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northern nations of Europe, &c. It is the well-known scale of the old 
Scotch and Irish music; it is said to have been found in Wales and 
Cornwall, in various parts of Africa, and even in old Italian music. 
The Chinese, who never change, have it in absolute perfec- 
tion, though the modern form of most ancient airs in other countries 
has been relaxed. We copy the notes of a Chinese air given by 
Laborde :— 
DCCGAGGCCAGEDCCGAGAACECAGGCCAGECCEDAC 


It will be observed that F and B never occur. An almost perfect 
specimen of this scale occurs in the Scotch air ‘The Campbells are 
coming. The effect of the scale may be tried by playing ad libitum on 
the black keys of a piano-fgte. 

The other scale which we have here to mention is that known by 
the name of the minor scale, the common diatonic scale being for 
distinction called major. It may easily be observed that the intervals 
of the minor third and minor sixth have a sad, or at least plaintive 
effect, as compared with the major third and major sixth. No expla- 
nation can be given of this: perhaps the effect of musical intervals is 
governed in some degree by associations derived from the human voice 
in speaking. All persons, except perhaps schoolboys reading what 
they do not understand nor care about, are constantly, whether they 
know it or not, varying the tone in which they speak, and i 
intervals which are very nearly musically correct: and the effect o' 
sorrow, regret, fatigue, &c., is to make those intervals minor. Any 
person of a quick musical ear who will watch the method of saying 
the simple words “I cannot,” pronounced as a determination of the 
will, compare it with the same when it is an expression of regret 
for want of power, wil] almost always find such an interval as C F or 
©'G in the fret, and C E} or C'A in the second; if this be so, it is- 
not surprising that a scale in which minor intervals occupy conspicuous 
places which in the other scale are occupied by major intervals, 
should uce those associations which have been alluded to. This 
is a conjecture merely, for after all nature will take the liberty in art, 
as in science, of concealing her operations. But this much is certain, 
first, that the minor scale is more plaintive than the major, and 
secondly, that all musical com are acquainted with the fact, 
from the African women who sung of Mungo Park, “ Let us pity the 
white man, no mother has he to bring him milk, no wife to grind his 
orn,” up to the com; of ‘ Der Freischiitz,’ with all the power of 
cultivation and the memory of centuries of art. The change from the 
minor to the major scale is perhaps the most effective of musical 
resources, certainly the most powerful of those which are easily under- 
stood by ears of the ordinary degree of cultivation, ake as an in- 
stance the music of the following words from Oberon :— 

Oh-Araby,-blest-Ara-by, my own, my native-land, 
Methougbt I-crossed-the dark-blue sea, and touched a-gain-thy strand; 
And-there I saw my-father’s house, &c. 


The intervals with which the voice passes over the hyphens in the first 
two lines are minor, but in the third line a modulation is made into a 
major seale, and the composer has skilfully taken care to produce a 
strong result of the new scale in the first two syllables: the effect of 
the change is strikingly appropriate. 

What is the minor scale? This question has been differently 
answered by different writers on the theory of music, who severally 
contend for one or another scale as the true scale. For ourselves, 
we are no believers in true and orthodox scales, or rather we 
hold every scale to have that character which has been used by 
good composers and approved by good hearers. It seems to have 
been thought that because there is one diatonic major scale, by 
universal consent, therefore there must be one lawful diatonic 
minor scale: just as well might it be said,’ that because the iambic 
trimeter is the one metre of Greek tragic dialogue, there must also be 
‘some one other metre, and that one only, in the choruses. Fortunately 
however the scholar knows, what the musician ought to know, that no 
ne metre is dictated by any absolute law of taste, and teaches that 
tthe best tragedians must be the guide, because of the universal approval 
which has been conceded to their writings. Taking the same sort of 
guide, we find in the writings of musicians (the unknown authors of 
national aire, writersof very high authority, ronerrent| one major scale 
and several minor scales; a thing not more atrociously wrong in itself 
than the one metre of dialogue, and the variety of chorus metres, of 
the Greeks. And if, moreover, we take the mathematical theory of 
the scale, we shall find several with equal claims on the score of sim- 
plicity of consonances. 

Return to the fundamental note C and its consonances, namely— 

c Bh E£ F G47 @ 

1? 4.4 See 
Instead of throwing out Eb as too near to E, let it be the latter which 
we reject; if we finish this with the D and B of the diatonic scale, we 
have what is called the common ascending minor scale, the common- 
ness of which we cannot deny upon data, though it strikes us that 
othera are as common, if not more so, 

(1) DD eR eG) AX Ree 
L eA tk View 


The ear will not very quickly acknowledge this as a minor scale in 


descent, and for the obvious reason that in going from C? to C there 
is no distinction between this scale and the major scale till we come to 
E}; though in the ascent the minor interval occurs early. To 
remedy this, A and B are both lowered a semitone, or the A is made 
Ab, a fourth to Ep, and the B is made B b, a fifth to E$, which 
gives 
(2) Cc D Eb F G Ab Bb oC! 
oe doe 4 2 Re 


and this scale reversed is called the common mode of descending the 
minor scale; but as we also find it used in ascending, we put it down 
as a second minor scale, both for ascent and descent, observing 
that (1) may be, and is, used in descent. Again, su we retain 
the B of the original scale, and lower the A, we have then 
(8) c DD’ ES FP G Ap Be 
LF: 3. oS oe | 4 eee 

a wild and pleasing scale, both in ascent and descent, and employed 
too, in spite of the wide interval between A} and B. Its harmonies, 
technically speaking, are easier and more natural than those of the 
common scale, and Schneider (‘ Elements of Harmony’) makes it the 

are minor scale, treating all others as incidental deviations ; the 
Eng ish translator of Schneider contends for its absolute truth, and 
asks (justly enough) which scale a composer would take who was con- 
verting the air of ‘ Robin Adair’ into the minor key (the ib ge air 
having the notes G A B C D E) namely, GA BCD Eb}, or G Ab B 
CDE}? There can be no doubt that the latter would be preferable, 
but we might add, that if the composer were required to make two 
variations in the minor key, he would probably choose scale (1) for his 
other case. The following minor scales are used, and are agreeable :— 


(4) Opp ae 2G. CARS eee 
LY SSE ak he eee 
(5) (Deer Ree eBbee 
OO Sa Se! dow, YL: Rs dee. 


Of all these minor keys, we prefer (3). For an instance of the use of 


it, take the first part of the air “Charlie is m ling, 

which run thus,C DEF GC!GAbC'4bGC:,CDEAFGC! DE} 
C:D' BC. It is also the scale used in the first two lines of the air 
from Oberon, already noticed. 


darling,” the notes of 


We now come to the extension of the diatonic scale by the inter- - 


polation of notes between all such notes as are far enough apart to 
bear it, which completes what is called the chromatic scale. There 
are various ways in which this can be done, and if notes were or 
occasionally interposed between those of the diatonic scale, it 

be a subject of comparatively little importance how it was done. But 
we must now explain what is meant by different keys in music. 

The note C having heen fixed, and the diatonic scale on it, let an air 
be composed and written down, say ‘Robin Adair.’ The consecutive 
notes of the first part of this air, played in the key of C, that is, in the 
diatonie scale which has C for its fundamental note, are (we have 
nothing here to do with the time) 


GABC'D'E},GCactBp'c 


Let us now transpose this, as it is said, into the key of F, that is, show 
how it is to be played in a diatonic scale having the F of the preceding 
seale for its fundamental (or key) note. If all the intervals of the 
seale were equal, this would be done by playing as follows :— 


CDEFGA, CFDF, EGF 


Again, to remove this air into the key of A, or into the diatonic scale 
constructed on A, we should write (if the intervals were all equal), 


EFGABC!,EAFAGBA 


If we chose to confound the intervals of a major and minor tone, we 
should find the second of these (so it happens) correct, for the intervals 
of the original air are (m, minor tone; M, major tone; s, semitone 
mMsMm (2M+2m+s) (M+m+s) (M+s) (M+s)s(M+s) M, 
those of the second are MmsMm (2M+2m+s) (M+m+s) ae 
(m+s) 8 (M+s) M, which are undistinguishable from eacli other, if 
and m be supposed (as is the fact) too nearly equal to make it worth 
while to take account of their difference. But the third issMmMs 
(2M+2s+m)(M+m-+s)(M+m)(M-+m)m (m+ M) M,which does not 

with either of the other two, nor can do so, except to an ear 
which cannot distinguish s from mor M. To see what intermediate 
notes will be wanted, we must construct a diatonic scale on each of the 
seven notes, which we shall now do, putting an equivalent to every 
note above C! or below C into the octave between C and C', by halving 
or doubling the fraction which expresses its vibrations. Moreover, we 
express the notes in the diatonic scale on D by D, Dy Di Diy Dy Dy 
Dai and Dy; and soon. Also let 4D stand for an octave below Dyi, 
iyC stand for the note an octave below C, , and so on, the rule bei 
that mC and C, are octaves when m and n together make nine. 
this is well known, if anything of the scale be practically understood. 
What we have to do, for instance in forming the diatonic scale on F, is 
to take 4, the representative of F in the diatonic scale of C, and multiply 
it successively by 1, g, §, &c. Our scales then are as follows, pre 
down under each note gained any note of the original diatonic scale, 
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(five flats, . 
(six flats, . G 
(seven flats, . 


Bo dony 


ro 


b B 
b E 
b (four flats, . A 
b D 
Es 
2 


Bp, a fourth above F=1$, E*}, a fourth above Bb = $+, 
Eb =45, Ab, a fourth above Ep = 19%. 

D*p, a fourth above Ab = $13, Db = 258, 

G , a fourth above Db = 1234, 

F? (so called), a seventh above Gh = at x LP = $49. 
F (so called) = 33, F (really) = $. 


Now from 8 to } the interval is only $3, the comma, which we meet 
with so often But we should find different values for the 
same flat in the different keys above, just as we have found different 
values for the same sharp in the preceding. To show, however, in 
how confused a state the natural chromatic scale has been left, we 
copy three scales, the first from Wallis (‘ Phil. Trans.,’ No. 242, 1698), 
the second from La Borde (‘ Essai sur la Musique ancienne et moderne,’ 
vol. ii. p. 9, A.D. 1780), and the third from Montferrier (‘ Dict. des Math., 
vol. iii. p. 243, ap. 1840). All these writers omit the flats, mentioning 


Q 
sy 


ePir. 
ee 
a8 a eek 
vA 


ich i expressed 

: 8), is 10607, while 45, 35, and 3 are severally 1-0588, 1°0417, 

first only come under the denomination of 

to this definition, while the third ought to be called 

t, this third scale is almost a scale with its semitones, 

m the minor keys which are found to please the ear, 

¢ alteration and one addition. In (2) Bg is made as a 

of a fifth to Eb (giving ¥f in place of 2, the 

interval of the wo being only » comma); let § be taken instead of 

Then between F G insert Gh, a minor third to Ey (giving 

the simplest sharps from the diatonic scales hereinbefore 

all the results together, we shall have the follow- 

mplete untempered ENHARMONIC scale is to be 

, will, believe, be as defensible as any. The sharps are all 

- from the diatonic major scale, the flats from minor scales 

the usual minor intervals; the of each note is lower 

flat of the following, though the former and the latter are 
not always in different halves of the interval :~ 


D DS ERE F FY Gh G GHAbA At Bh Bo 
fH tt & 46 bs HER OY 2 
The enharmonic intervals of this scale are as follows :— 

CED, =1024, DE EL=1°024, FyGp=1°024, Gt A,p=1°024, AT Bh=1-024: 


so that this enharmonic interval will be in every instance $$, or 
This circumstance was not looked for in the formation of the 
scale, and it is thus seen that if the sharps be derived from the 
major diatonic scales of the different notes in the fundamental 
diatonic scale, and the flats solely from the minor scales which have 
been judged admissible, the result is an enharmonic scale in which 
the enharmonic interval is everywhere the same, namely, the interval 
by which three major thirds fall short of an octave. 
If an instrument could ~* For — a the — _ 
in. different keys w ve slightly different effects. e 
Lon actos to have esc statement of the supposed characters of 
the different keys, which would be useless here, on account of its 
not ing the scale which was su to be the basis. We 
might suppose beforehand that of two keys, the one in which some 
i mene OS See A cer heey 
partake, ight degree more er, of plaintive c 
Teer ohadh dlningdoion thera But, in the first place, 
instruments in general, and particularly the piano-forte, on which the 
greater part of music first comes into existence, have not two notes 
interposed between each note of the diatonic scale, but one only, which 
must serve both to the lower, and flatten the higher. Next, 
the preceding scale w be found not very tolerable in some keys, 
particularly if laid down on an organ. Some TEMPERAMENT, that is, 
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mutual accommodation of notes to each other, would be necessary, 
and though we defer to a separate article the account of the 

which prevail, or have been pro; , it will be desirable here to lay 
the mathematical foundation of the subject, which is easy enough to 
one who can use logarithms. The following table will be necessary, 
which we proceed to explain :— 


1 00°00 | $1 68°07 101 79°90 151 86°86 | 201 01°81 
2 1200 | 52 68-40 102 80°07 152 86°98 | 202 91°00 
3 1902 | 53 68°73 103 80-24 158 87°09 | 208 91°99 
4 2400 | 54 69-06 104 80°40 154 87:20 | 204 92°07 
5 27-86 | 55 69°38 105 80°57 165 87°31 | 205 92°15 
6 31°02) 56 69°69 106 80°73 156 87-42 | 206 92:24 
7 33°69} 67 70°00 107 80°90 157 87°54 | 207 92°32 
& 36°00) 58 70°30 108 81°06 158 87°65 | 208 92°40 
9 38°04) 59 70°59 109 81°22 159 87°75 | 209 92-49 
10 39°86 | 60 70°88 110 81°38 160 87°86 | 210 92°57 
11 41°51 | 61 (7117 111 81°53 161 © 87°97 | 211 92°65 
12 43°02 | 62 71°45 112 81°69 162 86°08 | 212 92°73 
13 44-40 | 63 71°73 113° 81°84 163 88°18 | 213 92°82 
14 45°69 | 64 72°00 114 82°00 164 88-29 | 214 92°90 
15 46°88 | 65 72°27 115 82°16 165 88°40 | 215 92°98 
16 48-00 | 66 72°53 116 82°30 166 88:50 | 216 93°06 
17 49°05 | 67 72°79 117 82°44 167 88°60 | 217 9314 
18 60-04 | 68 73°05 118 82°59 168 8870 | 218 93°22 
19 50°98 | 69 73°30 119 82°74 169 8880 | 219 93°29 
20 51°86 | 70 73°55 120 82°88 170 88-91 | 220 98:38 
21 52°71 | 71 78°80 121 83:02 171 89°02 | 221 93°45 
22 53°51 | 72 7404 122 83:17 172 89°12 | 222 93°58 
23 54°28 | 73 74°27 123 83°31 178 89°22 | 223 93°61 
24 55°02 | 74 74°51 124 83°45 174 89°32 | 224 93°69 
25 55°73 | 75 74:74 125 83°59 175 89-41 | 225 93°76 
26 5640 | 76 74°98 126 83°73 176 89°51 | 226 93°84 
27 «57°06 | 77 75°20 127 83-86 177 89°61 | 227 98-92 
28 57°69 | 78 75°42 128 84-00 178 89°71 | 228 94:00 
29 58°30 | 79 75°65 129 84-14 179 89°81 | 229 94:07 
30 58°88 | 80 75°86 130 84°27 180 89°90 | 230 94°15 
31 59°45 | 81 76°08 131 84°40 181 90°00 | 231 94-22 
32 60°00 | 82 76:29 182 84°53 182 90°09 | 282 94:30 
33 60°53 | 83 76°50 183 84°67 183 90:19 | 233 94:37 
$4 61°05 | 84 76°71 134 8179 184 90-28 | 284 94-44 
$5 61°55 | 85 76°91 135 84°92 185 90°37 | 235 94°52 
36 62°04 | 86 77712 136 85-05 186 90°47 | 286 94:59 
$7 62°51 | 87 77°32 187 85°18 187 90°56 | 237 94°67 
38 62°98 | 88 77°51 138 85°80 188 90°66 | 288 94°74 
39 63-42) 89 77°71 139 85:43 189 90:75 | 239 94°81 
40 63°86 | 90 77°90 140 85°55 190 90°84 | 240 94°88 
41 6429 91 78°09 141 85°68 191 90°93 | 241 94°95 
42 6471 | 92 78°28 142 85°80 192 91-02 i 95°02 
43 65°12 | 938 78°47 143 85+92 193 91-11 243 95°10 
44 65°51 | 94 78°66 144 86-04 194 91:20 | 244 95°17 
45 65°90 | 95 7884 145 8616 195 91°29 | 245 95°24 
46 66°28 | 96 79°02 146 86°28 196 91°88 | 946 95°31 
47 66°66 | 97 79°20 147 «86°40 197 91:47 | 247 95°38 
48 67:02 | 98 79°38 148 86°51 198 91°55 | 248 95°45 
49 67°38 | 99 79°55 149 86°63 199 91°64 | 249 95*52 
50 67°73 | 100 7973 160 8674 200 91:73 | 250 95°59 


damental note makes } vibrations, by F 3 let us now express it by 


log a—log 4, the logarithm of the preceding. It only remains to see 
what system of logarithms it will be most convenient to take, Having 
made the octave, or the interval from 1 to 2, consist of twelve semi- 
tones (not equal indeed, but nearly so), let us @anew scale, to 
which all others shall be referred, and which divides the octave into 
12 a semitones. This is a tem scale, on the (theoretically) 
simplest system of temperament, and it is agreeable enough to the ear 
in practice. Let 1 be made the logarithm of the interyal of any one 
of these mean semitones, then 12 is the logarithm of the interval of an 
octaye, or we must choose that system of logarithms in which log 2=12, 
The preceding is such a table; to the mathematician it would be 
described as a system the base of which is ¥/2. But to the musician 
it may be described as follows; it shows the number of mean semi- 
tones contained in every Harmonic of the fundamental note, from the 
first to the 250th inclusive. Thus, opposite to 21 we see written 52°71, 
which means that the 21st part of a string sounds a note which is 52 
mean semitones and ‘71 or {4 of a mean semitone above the funda- 
mental note of the string; or that there are 62°71 mean semitones of 
interval between two notes, one of which vibrates in a second 21 times 
as often as the other. This interval -71 of a mean semitone is one 


which, repeated a hundred times, gives 71 mean semitones. All the 
numbers of the table must be understood to be ximate, within 
the hundredth of a semitone’ or thereabouts; w! is more than 


exact enough for practical purposes, The following rule is all that is 


necessary :—If a note make ¢ vibrations while the fundamental 
note makes 1, then that note is log a— log b mean semitones above, or 


log 6 —log @ mean semitones below, the fundamental note, according as 
a is greater than }, or 6 greater than a, $ ; 

Example 1. What is the value of a comma in mean semitones? 
Log 81—log 80 is 76°08 —7586=‘22, and the answer is, that the 
comma is 22-hundredths, or something less than a quarter, of a mean 
semitone. Raising a note by a comma four times successively would 
not raise it quite a semitone. 

Example 2. What is the enharmonic interval above obtained, in 
mean semitones? Log 128—log 126=84-00—83'59="41, or aboyt 
four-tenths of a mean semitone. This shows that an un 
enharmonic scale, such as that proposed, if bearable when the 
and flats are only incidental deviations, would never do for any other 


key except the natural one. 

The following is the com) basis above given, of the enharmonic 
scale, with all the in , mm from the fundamental note, 
expressed in mean semitones ; it shows how much alteration a 
of mean temperament would require: it gee Pivgary pss that 
although some few instruments have been made which give more than 
twelve different notes in the octave, this is so unusual a circumstance 
that it is not worth while to dwell upon it :— 


c 1 |} 00-00 “1 Gb | # 6-31 7 
ct | 38 | 00-71 4a G | 4 7702 ay 
Db 4g 112 +99 . Gt | # 7°78 “41 
D 2 2-04 66 Ab | ¢ 8-14 “0 
pt | #8 274 48 aA | 8 8°84 “92 
Eb £ 3-16 Py At | 226 | 9-76 be 
Bs 1) if 8°86 | yo Bh | § | 10°18 70 
F | 4 4-98 -6$ B | Y | 10°88 113 
FE | 48 5-90 Cc | 2 | 12°00 


The first column gives the name of the note; the second, the ratio 
of its number of vibrations per second to those of the fundamental 
note; the third, the interval from the fundamental note in mean semi- 
tones ; the fourth, the interval between éach consecutive pair of notes. 
The small variations observable in the last column arise from imper- 
fection of the table (every table must be imperfeet in its last figures); 
and we see four intervals in it, namely, the old diatonic semitone 1° 
the major and minor chromatic semitones (as we will eall them) *92 
‘71, and the enharmonic interval (or enharmonic diesis, as it is called) 
41, And the major tone is in every instance 

maj. chrom, semit. + min. do, + enh. int. 
while the minor tone is 


2 min. semit, + enh. int. 


Es 


is the ultima Thule of propesanea), 


The mean chromatic semitone is ‘81, about. % of the di semitone, 
and the enharmonic interyal is its half. This is a well-known system 
of temperament (that of Huyghens); the octave being divided into 31 
ual parts, five of them are a tone, three a diatonic semitone, two a 
chromatic semitone, and one the « onie interval. Introduce 
E# and Cb, which are oniitied in the preceding, and we have the 
following for a tempered enharmonic scale, upon which we doubt of 
any improvement being practicable, without attempting the distinction 
between a major and minor tone : - 


C Ci Db D DE Eb E Fh Et F FE Gh G GH Ab .A At Bh B Ch BIC 
23. FF S* POOPY, Be84 0. eee Se eas a ee ree 


This system, however, is useless, inasmuch as instruments are required 
to have only twelve notes in the octave; but we should recommend 
the student to bear it in mind, a8 explaining those enharmonic changes 
which in piano-forte music are only fictions. This scale would enable 
us to play with equal correctness in all keys up to seven flats am: 
the flats, and seven sharps among the sharps. Naming these elt 
their principal notes, they are the keys of F 
Pow ae eB Bh ee 
Or “Ss £ ab bp Gh itp 

Now suppose an incidental deviation into the key of At. 
into the ing scale from At ing, we find we can get a 
whole tone at Bi, but the next whole tone is wanting, nor can we get 
it except by interposing a note between Dp} and D, two tem chro- 
matic semitones above C, and therefore called Ctt or @x. On the 
piano-forte we must be content with D for Cit, and accordingly we 
have in like manner 


E for Dif, D for Ebb, Df for Fhb, &e. 


In the preceding scale also, when enharmonic transitions are written, 
they can most frequently be actually made; on the piano-forte, though 
written, they can only be made in imagination. The ear, knowing what is 
coming, so soon as the enharmonic modulation is seen, prepares itself 
for a change of key, and gives the chord in its possession to the mind 
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SCANDINAVIAN LITERATURE. $22 


er in the same way as when it was not a note of prepara- 
any one will compare the effect of music heard the second 
th that uced by the first time, he will, we think, be 
to to our opinion, that sounds heard without any 
wle of what is to come afterwards, differ more from those which 
are heard with such knowledge than the effects of two scales con- 
_ structed on _ two most remote of a eo approved a pe tem- 
perament. Hugghens's system, his subdivision is * of a mean 
_ semitone, the chromatic semitone is -774, the diatonic semitone 1161, 
and the tone 1-935. 
The harmonics of any string C may be readily found from the 
_ table, reduced into fhe octave between C and C'; they may then be 
= with the untempered diatonic scale, For example, what is 
_ the 53rd harmonic of C? C itself counting as the first. Itis by the 
table 68°73 mean semitones above C, lower this five octaves, by sub- 
-tracting 60, and we have 8°73, lying therefore between A 5 and A, but 
nearer to the latter. 
_ [Curomatic Scare; Diatonic; Ennarmontc. For Scales of Voices, 
Auto, Base, &c. For Scales of Musical Instruments, Bassoon, 
, Harp, Vroxry, &c.] : 
SCALENE, a name given by Euclid, in his definitions (but seldom 
or nevtr afterwards used by him), to a triangle no two sides of which 
are equal to one another. 


dangerous substance. But even of the products of con- 
yolvulaceous plants the qualities are so various, either from’ natural 
tor ere frequently, from carelessness in collecting it, 
or i adulteration, that no drug is more unequal in its consti- 
tution or more uncertain in its operation. Strictly speaking, it is a 
_ gum-resin ; but the proportion of gum is at all times small, while the 
resin in different specimens varies from 81 per cent. in the best to 16 
in the worst. Besides mechanical impurities, such as sand, fragments 
of the stem or roots, owing to the manner of collecting, ¢ » and 


p. 37; and vol. xviii., pp. 449 and 546.) 
For an account of the mode of collecting scammony in the north-west 
of Asia Minor, see the same Journal, vol. i., p. 522, new series, April, 
1860. Perfectly pure scammony is, in a very small dose, a very 
purgative, clearing away mucous accumulations, more espe- 
cially from the bowels of children, which are the favourite resort of 
To expel these, scammony is often associated with calomel ; 
ly needless, as extract of rhubarb, from its bitter 
tonic properties, is in every way more to be commended. By 
giving bitartrate or tartrate of potass, with carbonate of soda, its 
P are heightened, and it may be rendered a useful hydrogogue 
It should not be too frequently repeated, as it is apt to 
abrade the mucous covering of the intestines; nor should it be given 

” in inflammation of these. 

SCANDAL (scandalum magnatum, slander of great men). By the 
IL, c. 5, confirmed 12 R. IL, c. 11, as to “ devisers of false 
news and tellers of horrible and false lies of prelates, &c.,” it was 
enacted that none devise or speak false news, lies, or other such false 

tes, nobles, and great men of the realm. By the 
tellers of such lies were liable, as by the statute of 
Westminster the first, to be imprisoned till they discovered the authors 
No statutory punishment was provided against the authors, 
because they were liable at common law to fine and imprison- 


ment. Upon this statute is founded the action of scandalum magnatum, 
which is now fallen into disuse, and su by the common action 
of libel and by the criminal inf It lies at the suit of any 


nobleman, though of a dignity created since the date of the statute, of 
j and of other great officers of the realm. It has been held 
may be brought not only for such words as are action- 
cases, but even for those which are not certain — 
“My 


: 
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maintain an action against a common person, as where one said, “ 
conscience than a dog.’ 

the statute originally, th afterwards it tea to 
ied in private cases, was wl of a political character. 
recited is that “ debates and discords might arise betwixt 
or between the lords and the commons, which God 
great peril and mischief might come to all the realm, 
subv: and destruction of the aforesaid realm.” The 
statute of Westminster, 3 Edw., c. 33, referred to, is also directed to 
eure the same mischiefs, the discord and scandal that might arise 
between the king and his people, or the great men of the realm, 
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The term Scandalous is applied to matter in a bill or answer in 
chancery which reflects on the character of a defendant or plaintiff, 
and is at the same time irrelevant. Such matter will be struck out on 
exceptions being taken to it and allowed. 

(2 Inst., 225; Com., Dig., tit. “Action on the case for Defamation ;” 
B., Libel, C. 5.) ‘ 

SCANDINAVIAN LITERATURE. The ancient Scandinavian 
language, once common to the whole north-western portion of Europe 
beyond the Baltic, is now confined to Iceland, where it has undergone 
little change since the 9th century. [IcELaND, in Geos. Drv.] This 
dialect of the Gothic is the parent stock of both Swedish and Danish, 
the former of which tongues has retained more of the original character 
than the other, which is also the language of Norway ; and, if not for’ 
the literature they contain, in a philological point of view they deserve 
far more’attention than they have hitherto obtained from Englishmen, 
since they throw considerable light on the history of our own language. 
There is also a striking similarity of construction between them and 
English, which renders them of comparatively easy acquisition to our- 
selves. Nearly the same grammatical simplicity prevails, nor are their’ 
verbs and nouns subject to those numerous changes of terminations 
which render such languages as the German and the Russian so per- 
plexing to a foreigner. 

Though literature, in the usual meaning of the term, was of ex- 
ceedingly tardy development in both Denmark and Sweden, the people 
possessed an abundant stock of those traditional poetical records which 
scarcely lay any claim to individual authorship, being rather the 
embodying of the sentiments and feelings of an entire race than those 
of individuals. Of these, by far the most important are the Eddas. 
Though committed to writing by Bishop Siimund only in the 11th 
century, it is supposed that an earlier collection was then in existence. 
A part of Bishop Siimund’s gathering has been lost, and what remains 
we owe to Snorri Sturluson, the grandson and pupil of Simund. The 
elder Edda is in verse, not rhymed, but rendered metrical by the use 
of alliteration or assonance, in which the alliteration is employed twice 
in the first line of a couplet, and the second begins with the same 
letter. Many variations, including end rhymes, were subsequently 
introduced. The younger Edda is in prose, with a mixture of verse, 
pardly quoted from earlier poems, in nearly every case from the elder 

a. 


Though a distinction has been drawn between the elder and younger 
Eddas, there is little doubt but that some parts of the latter are at 
least equal in antiquity to some of those in the elder: and as little 
that in the elder Edda there have been many interpolations, which 
have been pointed out by Simrock (‘ Die Edda, die iiltere und jiingere,’ 
1855), who, however, says, ““Who would venture to lay hands on so 
reverend a piece of antiquity, and where would it end if each were to 
follow his inclination or caprice, and be to model the tradition 
according to his own notions.” The elder Edda consists of thirty-seven 
poems, of various degrees of poetical merit, all relating to the mytho- 
logy, which will be treated of in the next article. After being forgotten 
for nearly four centuries, a copy was found by Bishop Svensen, and 

ublished’ in 3 vols, 4to, containing the original text, a Latin trans- 
Ion, and a dictionary of the northern mythology, in 1787. A later 

id more correct edition has been since published by Rask in 1818. 

The later Edda is divided into two books,—Gylfaginning, or Gylfa’s 
fascination, and relates a like story to that of Vafthrudnismal (or song 
of Vafthrudni) in the elder Edda; but occasion’is taken to deliver the 
principal doctrines of the northern faith in answer to the disguised 
Odin’s inquiries. Bragaroedhur, or Bragi’s Discourse, borrowed also 
from the Oegirsdrecka, or Oegir’s Drinking Feast: here Bragi, the 
scald of the gods, discourses of the origin of poetry. These were first 
translated and published by Resenius in 1640, In some manuscripts, 
however, and in Rask’s printed edition, these are accompanied by some 
of the Scaldaic songs. Scat] 

Of other Scandinavian poems there are many distinguished by the 
title of Kiimpe Viser, or Heroic Ballads, which strains of romantic 
minstrelsy serve to give an idea of the compositions of the ancient 
bards or scalds. Deeds of arms and bravery constitute their main 
subjects; for in the infancy of states personal courage and physical 
strength are regarded as the chief titles to pre-eminence, more especially 
in such a region as Scandinavia, where the sword was the only patrimony 
of the younger branches of a family, and was a possession quite as 
honourable and frequently more lucrative than that of the soil. 
Possessing a very great extent of sea-coast, the inhabitants regarded 
that element also as their natural territory. Their piratical expeditions, 
undertaken partly through necessity and partly from the love of 
adventure, obtained for them a fearful fame ; and the leaders of these 
hardy pirates assumed the imposing title of Sea-kings. These ‘ Viser’ 
contain moreover no small quantity of legendary fable and supernatural 
lore, derived from the ancient Sagas and the mythology of the Edda 
(Scanprnavian Mytxotocy], whose wild traditions were so congenial 
to the spirit of the people that they continued to cherish the remem- 
brance of them long after the establishment of Christianity (which was 
not earlier than the commencement of the 11th century); and in 
modern times they have been largely made use of by Oehlenschliger 
and other living or recent poets, who have found in them a source of 
powerful interest for their coun en. Fora while indeed it was 
very doubtful whether the Gospel would prevail against the popular — 
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abou mlasloneries in the 
3 the people con- 


belief in the Valhalla. The labours of the 
9th and 10th centuries uced very little 
tinued to be almost entirely pagan, and Svend the successor 
of Harald, renounced Christianity, and did all he to re-establish 
the worship of the ancient idols ; nor was it until after the accession 
of Canute the Great (1014), that Christianity became the national 
religion, and churches and convents began to be built. For several 

afterwards, however, little improvement took place in the intel- 
Tectual condition of the e. Literature can y be said to have 
been cultivated at all. Its sole monument is the history (written in 
Latin) by Saxo Grammaticus, who died in 1208. In Germany, as well 
as in and Scotland, where this literature and mythology were 
once ominant, both faded away more quickly under the influence 
of civilisation. Odin, or, as he was called by those nations, Woden, 
was forgotten, but the popular tales and fictions remained. The ballad 
poetry of Scotland retains many a lay identical almost with those of 
the Scalds ; while Puss in Boots, Blue Beard, the Pig who would not 
go over the style, and Jack the Giant-killer, have their navian 
Ls Eee Howitt’s ‘ Literature and Romance of Northern Europe ;’ 

Dasent’s ‘Tales from the Norse,’ contain much that is interesting 
on the subject. 

Of the modern literature of the Scandinavian nations, Iceland, Sweden, 
Norway, and Denmark, notices will be found in the BiocrapHicaL 
Drvistow, under the names of the more eminent authors. 

SCANDINAVIAN MYTHOLOGY. The genuine and older Scan- 
dinavian mythology, which, in regard to wild imagination, sublime con- 
ceptions, a rough vigour, and a naive simplicity sometimes a i 
the ludicrous, will bear comparison with those of the Hindus, the 
Greeks, or Romans; and which, from the extensive influence it has 
exercised on all nations of Gothic and Teutonic descent, has a peculiar 
interest for them, is to be found in the Edda,aword gb ie om 
mother, or rather ancestress, probably used to indicate the cycle 
of poems, to which the name is given, had a more remote origin. As 
we have stated in the ing article [Scanprnavian LrTERATURE}, 
the Edda consists of two parts—the elder Edda, a cycle of poems, and 
the younger or prose Edda, which is chiefly a compendium of the 
elder, with occasional extracts from it. , 

The Scandinavian mythology comes to us, not in the shape ofa 
religious system, so much as the poetical expression of some of the 
worshippers. It does not approach a system even so much as Hesiod’s 
Theogony; for it has to be gathered from various poems or frag- 
ments of poems, of which some are manifestly of much greater anti- 
quity than others. Some, no doubt, are of a period anterior to the 
Christian era; but as all were collected at a long subsequent period, it 
is probable that the belief in the destruction of the world and its 
eerennaa may have been derived Peeper om i ro oe the 

presents in the v beginning the germs of one all-destroying 
catastrophe, of a cisnhida ated by necessity involves the final destrue- 
tion of the universe, with a promise of a resurrection and a happier 
existence. This destruction has been long foretold. 

The of the Creation by the Asar has little resemblance 
that of Christianity. In every creation by the heathen gods, the mate- 
rial stuff is always in existence. In the Asar creation, the world 
becomes a living organism. Nature is not a rude mass, she is 
dead, but an organised whole, that is ever penetrated by a super- 
human life. When this idea, which approaches to the pantheistic, is 
= cdweta in a poetically-material manner, we may compare it with 

er mythologies, in Which, like it, giants, Titans, Cyclops, the original 
re in res: embody the unrestrained f of the ote oe till 
subjected to the might of a higher and regulating power. There is 
also the peculiarity of accepting the principle of evil-as the first exist- 
ence, to counteract which the principle of good was formed, or rather 
descended, for Odin's mother was a daughter of the giants. 

In the beginning was a chaos. On the north was Niflheim, cold, dark, 
and foggy ; on the south, Muspelheim, warm and light; betwixt these 
two was reas ib in which contended the ice and frost of 
Niftheim, the light and h 
twelve streams called Elivagar, which were poisonous, issuing from the 
fountain Hvergelmir. This water, hardened by the frost, by degrees 
filled the gap; was again gradually melted by the warmer south; and 
the heat thus imparted ‘at length produced Ymir, a being of enormous 
size aud i ispositi mir fell asleep, and under his left 
arm grew a male and female; from his right hand and foot a six- 
headed giant. These were the progenitors of the race of giants. The 
ice continued to melt, and a cow, Audhumbla, was produced, by whom 
Ymir was nourished from its four milk-streams (the four elements). 


t 


The cow, Audhumbla, licked the icy salt-stones, and’ on the evening of | hi 


oe arose ee a man, on the second his head, and on 
i complete man, handsome, large, and strong: He was 
named Buri, and had a sow (no mother is mentioned) called Bir, who 
took to wife a daughter of the giant Bélthorn, and had by ‘her Odin (or 
Odhbin, the Woden of the Saxons), Veli, and Ve—the first of the Asar. 
These three having slain Ymir, carried the body to Ginn’ p, and 
with it therein formed the world; the blood became water; the flesh, 
earth; the bones, mountains; the teeth, pebbles; the hair, grass, 
trees, and other v ion; the skull, the firmament; the brains, 
thrown into the air, me clouds; and of the eyebrows were made a 
wall of defence against the frost-giants, This round flat’ world was 


eat of Muspelheim, and into which flowed | springs 


called Midgard, and was encircled by a deep ocean (sometimes t; 

by a vast serpent), outside of which was Jétunheim, the abode of the 
geian With sparks of hot cinders from Muspelheim were formed 
sun, moon, stars, lightning, and meteors; and their courses were pre- 
seribed, thus forming night and day, and the seasons. 

, the residence of the Asar, was apportioned into Vanheim, 
the domain of the elementary deities; Gladsheim, in which was Val- 
halla, where dwelt Odin-and the deities of his ; M > 
the district of celestial fire; and Licht-Alfheim (elves of light), the 
residence of the benevolent dwarfs, or elf, in which also was situated 
Gimli, the place of future beatitude. 

Utgard was under the earth, deprived of the sun's light, and was 
divided into Jétunheim, the country of the giants; Swart-Alfheim, 
that of the black dwarfs, or gnomes; Nifiheim, in which was Hel, the 
residence of Hela, goddess of death ; and Nastrénd, a horrible swamp, 
inhabited by serpents, into which, at the end of the world, the wicked 
are to be thrown. , aieal 

According to the Véluspé, the (three ?) gods in council next created 
the dwarfs, who had been bred like maggots from the corruption of 
Ymir's blood, and who were now endowed with human ) 
often deformed; and they formed a counterpoise to the giants, wl 
are represented as stupid, while the dwarfs make up for their want of 
size by their i uity, acuteness, and knowledge. ee have. 
however, to dwell in the earth or in rocks and cayerns, The Vi 
and the prose Edda differ here, as the Véluspd says they were created 
from Brimir's blood. They also differ as to the next creation, that of 
mankind. The Véluspé says, after creating the dwarfs,— to A 


“Then the three went, From this assembly, 
Mighty and mild The Asar especially, 
They d on the sea-coast, Powerless, 
Ask and Embla, Without fixed destiny ; 


Possessing no soul, Having no sense, 

Neither blood nor motion, Nor yet blooming colour. 
Odhin gave soul, Hinir gave sense, 

Lodur (Loki) gave blood and biooming colour,’’ 


In the prose Edda, as the children of Bor wandered by the sea-shore 
they found ‘two trees, of which they formed the male and female, 
fecling aod Ne-wiege: erathr hessinerend ela? tol en al 

. e, visage, ! sight; 
are descended the’whole human race. Jacob Grimm remarks on this 
(‘Deutsche Mythologie’) that only dwarfs and men are created ;— 
giants and the gods come into existence as if of themselves, from 
influence of merely natural forces; they owe their peing $0 the union 
of fire and water, while mankind and the men-like are made by 


Takei, the tree of life, which forms so important a pert of the 
cosmogony, is first mentioned very pars ated in the ‘ Voluspa,’ 
equally so in the ‘ Grimnismal’ (song of Grimni), This tree has 
roots, one in heaven, one in the residence of the Frost-giants, and the 
third in’ Niflheim or Hela. At each root was a fountain possessing 
wonderful powers, and its branches spread around the whole universe. 
At the root in Niffheim lives the i 
gnawing them, and in its topmost branches sits. an with a ha 
between his eyebrows. A irrel, runs up and down, 
strife between the eagle and the 


, Nevialen seat pound $54 pesvenly Drier prenuee she Bae 
assemble e f to ce ju » assisted three 
chief patil Verdaldi, and deste those are, ete: 


other Nornen, who decide on the length of life, and the good or ill 
fortune of -every individual of the human race, some of whom’ 
; some, of the races of elves, and some of 


basi ri ty sy ule 
The chief gods, who were especially to be worshipped, are twelve ; 
the goddesses are fourteen. The su i superhuman powers are 
n less. We only enumerate the chief, which are—1, Odin, who 

verns all things, and who is obeyed by the other deities, as a father 
by his children, Hence he ‘is named Alfadir (All-father) and, with 
numerous other names, Valfadir, from having aneperre Valhalla and 


which he feeds with the viands set before him, as he needs no food ; and 
on his shoulders sit two ravens, Hugin and Munin (Thought and Mind) 
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— his ear all the tidings they have collected. His wife is 
m, who foresees all things, but never foretellsthem. 2, Thor, the 
ai and of gods or men; possessing a hammer, Midélnir, 
of e ms power, which returns of. itself to him after having been 
flung at any one; a belt -by which his is doubled when it is 
‘worn; and gauntlets without which he cannot grasp the handle of his 
hammer. was the son of Odin by Fiérgyn (the earth), who also 
figures as a male, the father of Frigga, the wife of Odin. Thor is the 
reo the earth, whose cultivation he has established, whose 

i and kindliness in favour of its inhabitants he unweariedly 
furthers, and is therefore in continual conflict with the 
His wife is Sif, from whom by a trick Loki stole her 
hair, and was forced by Thor to supply its place with hair of gold. 3, 
Baldur, the second son of Odin by Frigga, the handsomest and best of 
the Asar, the wisest, mildest, and most eloquent, His wife was 
Nanna. He was early threatened with death, to guard against which 
every created sag Soe required to swear todo him no harm; but, 


p y. 4, Niérd governs the 
winds, stills the sea, and checks the fire. But he is not of the race of 
the Asar. Born and bred in Vanaheim, a district of the giants, he was 
given as a hostage to the Asar on a peace being concluded with the 
Vanen, who received from the Asar as a hostage on their part, Hédur, 
one of the joint creators of mankind. His wife was. Skadi, daughter 
of the giant Thiassi. They had two children ; a son named Freyr, and 
a named Freyja, both beauteous and powerful. 5, Freyr 
governs the rain and sunshine, gives abundant harvests, promotes 


, and riches tomen. He fell in love with Gerda, the 
of Gymir, one of the giants in Jétunheim, and obtained her 
for his wife ugh the intervention of Skirnir, and this forms the 


subject of one of the poems of the elder Edda, Skirnirsf6r or Skirnir'’s 
J . His sister is equally benevolent, she assists all who desire 
> te ee ee et es 
all who fall in (the other half belonging to Odin), whom she 


entertains in Seasrumnir, her mansion in Asgard. 6, , Whose 
descent is uncertain, is bold and courageous, e, ives 
vietory in war. He has but one hand, as the other was bitten off by 


the of the 
= apples, by eating of which the gods renewed their youth. 
i by a trick delivered her and her apples to one of the giants; the 
became wrinkled and gray ; and then Loki by another trick brought 
er and her treasure back to the Asar. 8, Heimdall is one of the Agar, 
the son of nine virgin sisters, but beyond the epithet weisse Acs 
(white Aes, singular of Asar) his descent must be admitted as obscure. 
He ag rt god, and much honoured. He is the warder of the 
bridge Bifrost (the rainbow), requires less sleep than a bird, sees by 
night as well as by day, can even hear the grass grow on the earth, 
and the wool on the sheep's back. His horn when sounded is heard all 
over the world, and his sword fights of its own accord. 9, Vidar is 
one of the sons ae pee oe eon The ep He is next to 
Thor in strength, and on y of com inst the giants is to kill 
the wolf Fenrir, by driving his sword een kis open jaws. 10, Vali, 
another son of Odin’s by Rinda, who undertook to revenge the death 
of Baldur, and assisted in binding Loki. 11, Ullur is the son of Sif, 
os ym of Thor, skilful with the bow, swift on snow shoes, handsome 
brave. 12, Forseti, the son of Baldur and Nanna, celebrated for 
his correct judgments, from which all disputants di satisfied. 
lista somewhat vary from this. Hédur, the blind and strong, 
mentioned, but) seems not to be included among the twelve. 
says, “ the gods might well wish they never to 
too long will his deed remain in their memory.” 
Besides the Asar, there are some other important deities. One of the 


chief is Loki, one of the sons of the t Farbauti and Nal, or 
Lanfey, his wife; the others being Byleist and Helblindi. Loki is 


handsome in person, but capricious, cunning, and perfidious. He was 
at times the friend, and commonly the associate, of the Asar, but the 
continual contriver of mischief against them. He had a wife called 
Nari, who was deyoured by his 
. ost celebrated er by the 

ee toe i ee eee , who used to 
low the sun, endeavouring to swallow it, whose binding has been 
already mentioned, and who will at length break loose, and assist in 
of the world; the serpent J 


Coats ee ieee Set os 
ich he encircled, holding his tail in his mouth; and Hela, who was 
cast into Niflheim, into which she 
distributes all who die baka old age or The dominion 
ee 1 ae ee unishment, but only the abode of those not 
worthy of dwellin i halla. himself is at length 
bound on pointed ’ serpent suspended over him ; 
whose venom should fall on liis face, but his wife Siguna catches the 


drops in a cup till it is full; she then has to empty it; and while 
this is being done, the drops which fall on his face cause such 
extreme pains, that he writhes and causes earthquakes. Heis thus to 
lie till the end of the world. Oegir, also. called Gymir, is one of the 
giants, and has dominion over the sea. It will be seen that Odin’s two 
brothers, Veli and Ve, have disappeared, At the end of heaven sits 
Hriisschwelger (corpse-devourer), one of the giants, in the shape of an 
eagle, and from the flapping of his wings proceeds the wind, according 
to the force of their motion. Surtur, another god or giant, who 
remains in Muspelheim, is only to appear at the day of destruction. 
All the monsters are loosed, whom he will lead to the conflict with the 
Asar,some are killed, but they remain conquerors. After this final com- 
bat, Surtur spreads flames over the earth, and all will be consumed. But 
Nastrond is formed, a place of punishment vast and awful, constructed 
of serpents, whose venom collects in floods, through which wade 
murderers, perjurers, and adulterers; but in the plain of Ida, where 
Asgard formerly stood, another earth will arise from the sea, and says 
the Véluspé— 


“T see a hall, Brighter than the sun, 
With gold covered, On Gimli’s height; 
There will the worthy Princes dwell, 
And without end, Enjoy their honour ;” 


where Surtur’s fire can no longer harm them, ' 

The prose Edda adds, that a man and woman survive, hid in a 
forest, and fed with dew, who are to replenish the world; and the sun 
is to bring forth a daughter (the sun is feminine in the northern 
dialects) more lovely than herself. This seems to be an addition. This 
Edda, compiled by Christians, has much more of the Christian element 
than the elder, and is therefore less to be depended on as a faithful 
transcript of the ancient mythology. : 

Of the goddesses, besides those mentioned, the most prominent after 
Fri were—Saga (history), a favourite of Odin’s; Eir, skilful in the 
healing art; Gefion, who is a virgin, and to whom belong all who die 
unmarried ; Fulla, ‘also a maiden, the attendant and confidant of 
Frigga; Freyja (already mentioned) was married to Odhur, who left 
her, and Freyja wept tears of golf. She bears several other names, 
which she assumed while seeking her husband, and was the possessor of 
a famous necklace called Brisinga; Siéfna, who turns the hearts of men 
and women to thoughts of love; Lofn and Vora are also deities favourable 
to lovers ; Syn, is door-keeper of the hall of the gods, shutting it against 
all who have not the right of entering, and likewise presides at trials 
in which anything is denied on oath; Snotra, the wise and courteous ; 
Gnd is the messenger of Frigga, riding a horse on which she glides 
through the air; Sol, so named by her father on account of her 
beauty, while her brother he named Mani (moon). This pride offended 
the gods, who made the sister the driver of the horses of the sun, and 
the brother those of the moon. There are other goddesses, such as the 
Valkyrien, who serve the mead in Valhalla, and are sent by Odin to 
every battle-field to select the slain and to give victory; the Nornen 
also assist in this latter office. Also, Jérd (the earth), Thor’s mother; 
and Rinda, the mother of Vali, are reckoned among the goddesses, 

In are the twelve heavenly palaces or abodes, of such extra- 
ordinary splendour, that the light of the sun or moon was not needed, 
Asgard is protected by an abyss crossed by a heavenly bridge, strong 
enough to the gods, but which will break under the weight of the 
giants. This is called Bifrést, and is the rainbow, formed of water, 
air, and fire, as shown by its colours. The water and air would have 
been sufficiently strong for the Asar, but the fire was added to guard 
against the giants. On the boundary between Asgard and Midgard 
stands Thrudheim, the dwelling of Thor, which forms a thirteenth, 
The twelve are; 1. Ydali, the valley of moisture, in which Uller, the 
son of Sif, and the step-son of Thor, dwells, 2. Alfheim, or Elfinland, 
inhabited by Freyr, the son of Niord, and, according to the prose Edda, 
by the elves of light (by which is thought to be represented the ger- 
minating powers of the sun’s rays), who are to exist till the overthrow 
of the universe, and then to betake themselves to the higher heaven. 
3, Valaskialf, Vali’'s watchtower, in which dwells Vali, the son of Odin 
and Rinda. Here was also built Odin’s chief seat, Hlithskialf, from the 
elevated throne of which, he and his wife Frigga could overlook 
the whole world. 4. Séckvabeck (the stream of descent or depth), 
rushing with cold water, whence Odin and Suga (history) drink every 
day from golden vessels, and intoxicated with the precious drink, 
rejoice in the love that may be derived from the water-oracle. 5, 
Gladsheim (realm of joy), where is Idavdlle (the field of business), 
because here are forged the arms with which the heroes disport. 
This is the gathering-place of the Asar; here are held the feasts 
and the combats of the souls of departed heroes who reside in 
Valhalla ; they wander arm in arm with the virgin Valkyrien, whose 
love and unfading charms are the rewards of those who have received 
their kiss in battle, the sign of an invitation to the feast of the 
gods. In Idavélle both Valhalla and Vingolf are situated. The last 
is the resid of the Einheriar (or heroes), whose help is needed by 
the gods in their final contest against the inhabitants of Muspelheim, 
on the destruction of the world. Vingolf is a palace of gold reaching 
to the clouds. Before the gates of Valhalla lies the forest of Glasir, 
in which the trees bear leaves of red gold. But Vingolf is the 
sanctuary of the goddesses, where the half of the slain whom Freyja 
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has chosen are immediately conveyed, while the other half are received 
by the Valkyrien in Valhalla, Lastly, in Idaville is the seat of 
judgment, under the ash Y, Se oe the actions of gods and 
men. Seats were here pro for twelve gods already men- 
tioned. In like weep a nfnn sh wel y ent were to be 
held under a sacred tree and near a sacred After having dis- 
pensed justice, the Asar ride on splendid horses, 6. Thi eim 

oaning or thunder-home), where dwelt the giant Thiassi, and after 
his death his daughter Skadi. 7. Breida-blik (world-glancing) the 
most Po gre of the heavenly dwellings, where is not the least soil, 
and which is Baldur's residence. 8. genre 3 (heavenly palace) on 
the border of the celestial region, where resides the wise god Heimdall, 
who is entrusted with the caro of the bridge Windhjalm, from being 
possessed of the Giallarhorn, which is heard throughout the world, 
from his , and from his wonderfully acute senses; in order 
that the Asar may not be unexpectedly surprised, one end of this 
bridge, called Bifrést (rainbow), is close to Heimdall’s abode, At 
the time of the destruction of the world, the invaders from Muspelheim 
will attempt the , the bridge will break or dissolve. 9. Félkn- 
vangr (field of the combatants), the abode of Freyja; a splendid 
palace, surrounded by a beautiful garden, in which is the hall Sessrumer, 
wherein the fortunate, who have been selected by the benevolent 
goddess, enjoy every bliss the world can bestow. 10. Glitnir (splendour), 
the palace of Forseti, resting on golden pillars, the windows of 
diamonds, and the roof covered with silver. 11. Néa-tun (Newcourt), 
the palace of Niord; and 12. Landvidi (Broadland), overgrown with 
long grass, that of Vidur. 

t under the symbuls of these twelve palaces, the twelve months, 
or the zodiacal signs, are to be understood, there can be little doubt, 
thongh it has been controverted, and although we are unable to decide 
which month or sign the various palaces are meant to represent. 

In Asgard the gods had placed their dwellings in the earliest times 
(Urzeit), and they will all perish in the general con ion. But 
this conflagration, though destroying everything, is to give birth toa 
new creation, in which Asgard 2 pends with increased splendour, 
and the Asar will revive to resume their original powers. Odin and 
Thor only will disa , and the late palace of Odin will become, after 
this terrific crisis, the abode of Baldur and Hédur. In the first poem, 
the Viluspé (the decision or judgment of the Veli or prophetess *), it 
is said,— 

“‘ The sun becomes black, The earth sinks in the sca, 
From heaven fall The bright stars, 
A fiery vortex rages round The all-nourishing world’s tree, 
The hot flames Lick the skies,” 


After which the Asar are to reassemble, to find fields that bear produce 
vanished ; and 


without sowing, whence everything evil i 
“There ride the mighty To the council (or judgment) of the gods ; 
gp ad sect all, ne guides all things. 
And ordains for ever His institutions.” 
Of this “ great above all,” the ‘Hyndluliédh’ (the song of Hyndlu) 
says, after having given a genealogy of the Asar :— “ 


“Then comes another, Mightier than he, 
Yet him to name I do not venture. 
Few would wish Further to look 
Than when Odin The wolf attacks.” 


We shall not attempt to give any of the legends i rated with 
this system, nor with the esoteric meaning. On the whole it will be 
seen that the deities are personifications of physical forces and of 
human passions, fashioned by a. northern imagination. J. Grimm, in 
his ‘Deutsche Mythologie, endeavours to prove that the northern 
deities are nearly identical with the Greek and Roman and the Hindu 
deities. There are, necessarily, points of resemblance, but sufficient 
differences to render the conceptions in each case origi 

The Hawamal, or High , contains the ethics of the system; 
there are many striking sayings in it, but we cannot do more than give 
a@ specimen :— 

“ With his weapon No one should part 

. In the open field ; 

No one knows, How soon on the way 
He may need his spear.” 

* Moderately wise Should a man be 
But not too wise; 
The heart of the wise Is seldom serene 
If it becomes too wise.” 


For a fuller investigution we may refer to Jacob Grimm's ‘ Deutsche 
Mythologie,’ 1854; Karl Simrock’s ‘ Die Edda, die iiltere und die 
jiingere,’ 1855; and ‘ Das Mythologische Handbuch,’ 1853 ; L. Uhland’s 
, rechungen. Der Mythus von Thor,’ 1836; Berger's ‘ Nordische 

,’ 1834; Dr. J. C. Bauch’s ‘ Nordische Mythologie,’ 1847 ; 
Rask’s ‘ Edda, dvamt Skalda ogtharmeth fylgjundi Ritgjorthum,’ 
Stockholm, 1818; various papers by Uhland, » Miillenhoff, 


* The form of the word is perhaps deserving of a notice, as giving the origin 
of the Scottish word apae, to foretell; and spaewife, a fortune-teller, 


Grimm, and others, in ‘Zeitschriften fiir Geschichtswissenschaft ;* 
Mannhardt’s ‘Germanische Mythen;' W. G. Frye's ‘Trois Chants de 
)'Edda,’ Paris, 1844; and Mallet’s ‘Northern Antiquities, edited by 
I. A. Blackwell, 1847. 


purlins, or pole plates in a roof, &c. All quartering or squared timber 
under five inches square is designated scantling. (iPracs 

In masonry ‘the sathe word is used to express the size of stones in 
length, breadth, and thickness. 

SCAPEGOAT, or AZAZEL (U}S}Q). On the great day of atone- 
ment among the Jews, the high-priest was to choose two and 
after presenting them before the Lord at the door of the he 
was to cast lots upon them, one lot being for the Lord, and the other 
“for Azazel.” The one upon which the Lord's lot fell was to be sacri- 


ficed as a sin offering, and the other was to be alive before the 
Lord to make an atonement with him, wi was done by the - 
priest laying both his hands on the head of the goat, and 


over him the sins of all the people, which were thus said to be “put 
upon the head of the goat.” The goat was then to be sent away into 


the wilderness by the hand of a fit man, who was to let him go in the — 


wilderness, (Levit., xvi. 8-28.) 
The meaning ofthe word Azazel is ey Soe It seems to be 
derived from a root (which still exists i i 


to inhabit 
desert places; and they would translate Levit. xvi. 10, “ to let him 

to Azazel (instead of, for a scapegoat) into the wilderness.” 4, t 
maintained by Hengstenberg and others, that Satan is typified by the 
goat, the separated one, and this view seems corroborated by the 
passage in Zech. iii, Representing the sins of the people, which are 
upon repentance to be forgiven, he is driven away into desert. It 
is also considered to be typical of Christ, so far as a vicarious atonement 
is to be accepted under certain conditions for committed sins. 

SCARF 
in such a manner that they may appear but one, and cannot be ; 
asunder by a force applied in the direction of their length, without 
breaking off part of the wood at the joint. 

Other modes of uniting two timbers into one continuous are 
sometimes practised; as for instance, the simple plan called ing a 
beam, in which the ends abut against each other, and pieces of wood 
are added on each side, as shown in jiy. 1; the whole being held 


and most of the German critics con- 
I 


Fig. 1. 


a 


together by iron bolts. The strain on the bolts may be reduced by 
indenting the pieces added at the joint into the beam, as 
in the lower part of the figure; or by transverse keys of hard wood 
driven into grooves, of which one-half is cut in the beam, and the 
eH 1 the supplementary pieces, in a similar manner to those shown 
in fig. 6. : 
Where neatness is more essential than strength) scarfed joints are 
preferred to any arrangement of this kind, because a beam united by 
them is of the same breadth and depth at the joints as at other parts, 
Figs. 2 and 3 represent two of the simplest forms of scarfing, in both 


Fig. 2. 


Fig. 3. 


of which the strain is borne wholly b: 
add a plate of iron on the faces of the where the heads and nuts 
of the bolts pass through, and the ends of these plates may 
into the wood, as shown in the cuts. Of these two plans th 
appears rather preferable, because the 
tendency to alter the position of the ; while in the second it has 
a tendency to make the inclined slide 
thereby to open the joint. 

It is desirable to avoid depending ‘solely upon bolts for the strength 


the bolts. It is advisable to 


a 


G, the mode of joining two pieces of timber end to end, 
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—' to the effect of the shrinking of the timber, and the 
ity of the bolts to be, in consequence of their small dimensions, 
i into the wood. Fig. 4 isa scarf that may be used without 


Fig. 4. 


is driven gently into the square 

to bring the parts into their places. Two other illustra- 

suffice to explain other varieties of scarfing. Fig. 5 isa 
Fig 


in BF 
E 
; 


tabled together ; they 
being so cut and fitted to each other that no force can separate them 
itudi i bolts hold them 


ted with 


‘y, owing to the absence 
is arrangement keys are used to resist any force 
beam in the direction of its fibres, instead of 
. The ends of the keys, which should 
let into both pi of the beam to an equal 
the dark tint in the cut. 

be almost infinitely multiplied by increasing the 
oy ng whether oblique or square, and uniting the parts 
tabling, keying, or a combination of the two; but in most 
greatest simplicity should be aimed at, in order that the 
the more readily be made to fit each other with accuracy. 
plicated scarfs lave been used by some old carpenters, 


it 
pe 
fe 


ct 


i 


aie 


ul 


which Robison observes that “many seem to aim at making | and 


than if it were of one piece;” an absurdity too 
to need refutation. Where a scarfed beam is exposed to 
ins, the joint should be varied from the ordinary form ; 
these and some other contrivances to meet iar circum- 
stances the reader is referred to the practical of Tredgold, 
When a piece of timber subject to compression in the 

to be scarfed, oblique faces should be 

of tendency to slide upon each other. Though 
Le poanreg dineg bly anette joints, iron hoops or straps, 
the advantage of 


not 


two-tenths of the area of the section of the 
authority we give the following rules for the 


eee oa nc 
oak, ash, or elm, the whole length of the scarf should be six 
thickness of the beam, where there are no bolta, 
fir, without bolts, twelve times the depth. 
The whole length of a scarf dependent wholly upon bolts should be 
in oak, ash, or elm, about three, and in fir, six times the depth of the 


beam. 

When bolts and indents are used together, the length of the scarf 
woods, twice, and in soft woods four times the depth. 
ARIFIER. [Arasie Lanp.} 

SCARLATINA (originally written Scarlattina, from scarlatta, a 
red-coloured cloth), Scarlet a This disease was not distinguished 
FS ck Cae fevers; they a 

with classing together these fevers as pestilential, 
page ho ect fer that accompanied them to 
combinations of the humours. Small-pox, measles, and 


Withering, in a second edition of an essay which he published 
on searlet fever, in the year 1793,_first pointed out its distinctive 


Scarlatina, like small-pox and measles, may appear as an epidemic, 
or it may be propagated by a specific Soa ee ebthto, i 
most usually appears at the latter end of the summer and the i 
of autumn ; ly, it is met with at all seasons; it further 
resembles the we have just named in rarely attacking twice 
the same individual. Scarlatina varies much in ity, from the 
mild febrile disturbance which has been pronounced by to 


be fatal only through the officiousness of the doctor, to that grave 
form of the disease which has received the appellation of malignant. 
This difference has given rise to its division into three species, the 
Scarlatina simplex, S. anginosa, and S. malig Scarlatina is ushered 
in by rigors, followed by increased heat. of the body, thirst, loss of 
appetite, and all the symptoms of inflammatory fever. On the second 

y of this fever, or somewhat later in the severer forms of the disease, 
patches of a scarlet-coloured efflorescence begin to appear on the face 
and neck, which extend downwards, and, coalescing, soon spread over 
the whole body. On the trunk, however, the rash is seldom uniform, 
but is distributed into diffuse irregular patches, the scarlet hue being 
most vivid about the flexures of the joints and on the loins 3 occa- 
sionally minute vesicles are visible, and Sauvages has considered this 
circumstance sufficient to constitute a distinct species, which he calls 
S. variolodes, On the third and fourth days the eruption is at its 
height; even the mouth and fauces are not free from it, the 
papille of the tongue are unusually red and elongated, and the face is 
generally more or less swollen. On the fifth day it begins to decline, 
disappearing by interstices, so that the patches reappear as at the com- 
mencement, and it is generally gone before the end of the seventh. 
“Between the eighth and twelfth days the cuticle comes off in the form 
of a scurfy desquamation, and the fever has subsided. This is the 
course of Scarlatina simplex. At those periods of the disease when 
the eruption is in patches, scarlatina is apt to be mistaken for measles, 
but it may readily be distinguished from the last-named disease by 
the following signs :—In measles, the patches are of a rosy hue, of a 
crescentic form, and elevated above the surrounding skin ; in scarlatina 
they resemble more the colour of boiled lobster, want the crescentic 
shape, and the hand passed over them detects minute asperities, but 
no elevated patches. It is further distinguished from measles by the 
greater heat of skin, the temperature being sometimes as high as 108° 
or 112° of Fahr., by the absence of catarrhal symptoms, and by the 
state of the papille of the tongue. 

Roseola is the name of an affection which is characterised by an 
eruption bearing some resemblance to scarlatina ; but it is of a more 
crimson colour, pursues its course in a direction contrary to that of 
searlatina,—namely, from the extremities and trunk to the neck and 
face,—and is attended with less constitutional disturbance. 

Scarlatina accompanied with sore throat—/. anginosa, or cynanchica, 
as it is termed—is a much more frequent and severe form of the 
disease than that which we have just described. Not only are the 
precursory febrile symptoms more violent, but the whole course of the 
malady is protracted ; the eruption is seldom so universal as in 
the simple variety, but is in scattered patches, which frequently vanish 

reappear ; the interior of the mouth and fauces.is of a high red 
colour, tumefied and painful ; superficial ulcerations not unfrequently 
form on the tonsils, uvula, and soft palate; and the throat is much 
clogged up with a tough viscid phlegm. In S. maligna the fever is of 
a Sprtiold. character ; the pulse is small and feeble ; the tongue and 
lips dry, and encrusted with a brown fur ; there is delirium alternating 
with coma, and the rash is faint and continually coming and going; 
the ulcers in the throat are covered with dark-coloured sloughs, and a 
large quantity of viscid mucus clogs up the fauces and impedes respira- 
tion and deglutition. These symptoms are often accompanied by 
diarrhoea, and by petechie on the skin, with hemorrhage from the 
nose, throat, bowels, or other parts, which generally lead toa fatal 
termination ; this may occur bs the third ee pane ec the Peay 
or the patient may linger to the second or third week ; if recovery take 
place, it is eassetiaaty tedious. It has been observed that during the 
prevalence of scarlatina adults are not unfrequently affected with the 
efflorescence in the mouth and throat, without the skin participating 
in the affection. For this class of cases Dr; Tweedy has the 


name of S. faucium. All the varieties of scarlatina that we have™ 


mentioned may be observed during the prevalence of the same epi- 
demic, and even among members of the same family; but it is no less. 
true that each epidemic has generally a certain character or type, 
which it is important to ascertain in order to regulate the treatment.. 
This circumstance renders it difficult to come to any just conclusion as: 
to the mortality from this disease. 

The reports of the Registrar-General for 1858 and 1859 show the: 
mortality in London from scarlatina as compared with other forms of 
zymotic disease :— 


Diseases. 1858. 1859. 
Scarlet fever . ° . . . .« 4118 4197 
Small-pox . . ° . . 247 1156 
Measles. . . . 2383 1305 
Hooping-cough . ‘ . 2700 1741 


Scarlet fever visits certain districts as an epidemic, and that whilst 
in some years it falls down to a level with other diseases of the same 
nature, or even below them, it rises at others far above them. 
uring the years 1857, 58, 59, and 60, scarlet fever has~prevailed in 
London as an epidemic, and has carried off little short of 12,000 
persons. During these years it has been associated with the disease 
called diphtheria, but they are distinct diseases and not in any manner 
pation. by the same causes. [DrPHTHERta,] 
Scarlatina is often followed by other forms of disease. One of the 
most frequent of these is anasarca, which frequently terminates fatally. 
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This disease arises from the morbid condition of the kidneys. In a 
number of cases of scarlatina the kidneys are primarily affected, 
the urine presents a low specific gravity, and contains albumen. 

Tn the anasarca which comes on after the febrile symptoms have passed 

away, there is invariably present albuminuria, jie condition of the 

system often terminates fatally by dropsical effusions occurring in thd 

Sebead the pericardium, or the membranes of the brain. It sometimes 

ppens that an attack of scarlet fever may not obviously produce the 
usual skin and throat “a ogre but expend all its force on the 
internal organs, especial kidneys. Under these circumstances 
anasarca may come on lead to a fatal result. 

Amongst other sequele or results of the action of the scarlatinal 
poison is an extension of the inflammation of the throat into the 
eustachian tube, and the internal ear. In this way the bones of the 
ear are destroyed, and ulceration of the tympanum and its destruction 
follow. Feetid discharges take place, and the whole of the internal ear 
not sow reaped becomes involved, producing, should the inflammation 
not to the brain and destroy the patient, permanent deafness. 

In other cases an affection of the joints, not unlike rheumatism, 
comes on during the attack of scarlet fever. This affection of the 
joints coutinues sometimes a long while after the active symptoms of 
the fever have disappeared. 

Scarlatina is an example of a contagious and infectious disease. In 
the majority of cases the origin of the disease can be traced to exposure 
to the poison arising from a previous case. The intensity of the poison 
seems greater than even that of small pox or typhus. Dr. Watson 
says, “it lurks about an apartment, or clings to furniture and clothes, 
for a very long time, even after some care has been taken to purify 
them. Of this I have known several remarkable examples. You will 
be asked at what period the danger of imparting the disease on the 
one hand, or of catching it on the other, is over ; and I would recom- 
mend you to answer that you do not know. I am sure I do not.” 
Many persons go through life without catching this disease, and it is 
most desirable that all should. The only certain way of avoiding it 
is the strictest quarantine. Any thing which has been near the 
patient, or handled by persons attendipg upon the patient, may com- 
municate the disease. The only certain prevention of its spread in 
families is either the removal of the sick or those liable to take the 
disease. The spread of the scarlatinal poison is not dependent on dirt 
and squalor, and other circumstances injurious to health, although the 
fatality of the disease is Fst increased by these circumstances. The 
disease is generated and spread by the poison alone. It is on this 
account that the greatest attention should be paid in nursing this 
disease to prevent infected things from passing out of the patient’s 
bedroom. All linen or clothes worn by the patient should be imme- 
diately after they are used placed in boiling water. All vessels used in 
the bedroom should be immediately emptied after they are used, 
chlorinated lime or soda, or the permanganate of soda, being added to 
their contents. The vessels should also be washed and rinsed out with 
solutions of these substances. After the patient has recovered, every 
thing in the room that can be placed in boiling water should be 
submitted to its action, and books, papers, and thiugs which will not 
bear water, should be placed in an oven. The room should be fumi- 
gated with chlorine, and the walls and ceiling whitewashed. 

In the treatment of scarlatina it should be remembered that in the 
milder cases little or no medicine is required. The patient 
throngh all stages with little derangement of the system, and the only 
thing required is to prevent exposure to cold, and to watch for the 
aceession of any of the symptoms of the sequele above mentioned. 
When the symptoms are more severe an alkaline treatinemt may be 
recommended, Dr. Watson jally recommends the chlorate of 
potash with hydrochloric acid. When the throat symptoms are severe 
in adults, leeches to the throat or cupping at the nape of the neck have 
been strongly recommended. Some practitioners recommend, in 
cases of a low n! Sagres and often repeated doses of sulphate of 
quinine. Where the pulze is rapid and the tongue becomes dark, the 
administration of wine is indicated, and where wine fails to stimulate 
sufficiently, brandy has been given with advantage. The sesquicarbo- 
nate of ammonia, in cases with low symptoms, has been vaunted as a 
specific: it may be given with advantage in cases in which wine is 
indicated. Purgatives and saline diaphoretics may be administered as 
the symptoms indicate, The throat demands especial attention : where 
the tonsils are merely swollen a gargle of alum or powdered alum may 
be applied. When it is nlcerated the tilcers may be touched with 
nitrate of silver or a lotion applied. ‘The chlorate of potash, with 
nitrohydrochloric acid, may be used as a gi . Where the ulcerations 
are foetid, syringing the throat with a lotion of chlorinated lime or 
soda will greatly contribute to the comfort of the patient, There is no 
one system of treatment that is adapted for all cases, and those writers 
who advocate one system can have bad but little experience of the great 
Variety of forms which the disease presents. 

The treatment of the anasarca and other sequele will depend 
von the symptoms present. When dropsical effusion comes on, the 
patient will bear more active treatment than in the and 
secondary stages of the disease. Cupping or leeches to the loins is of 
service, and active purgatives, The chlorate of potash may be con- 
tinued in this form of the disease, and when the ‘mare dpethidalile 
symptoms are subdued, the salts of iron may be administered, 


- 


ABennett, Principles of Medicine ; Hood, On the Fatal Diseases of 
Children ;. Watson, Lectures on the Practice of Physic; Aitken, 
Science and Art of Medicine.) 

SCARLET DYE. [Catico Priytinc; Cooutneat; Dyerne.] 

SCRNE- PAINTING vik reo stage of, the. g 
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ut tir t they employed some re) porary e 
docomstioh toited to thie eubjest of the pisos tie presumption s that 
it did, ts all resemble our modern scenery. The their 


stages renders it difficult to understand how any scene pele upon a 
single piece of canvas of sufficient size could have been own, or 
rather drawn up, as it is supposed the au/@a were, or otherwise changed 
during the performance; and it is quite certain that, since the per- 


formances took place in the open air and by daylight, ho r con- 
trived or executed, any kind of scenery like that of vo moders Gaktae 
could not have prod same degree of illusion, if 


With the rise and progress of scene-painti and stage-effect in 
modern times we are not much better acquainted, since no specimens 


of early scenery have been preserved, and only scanty, casual, and 
teagchonbany Saunas ealahive én it have come down to ua. From al 


—— 


Consider- — 
able improvement appears also to have taken place in the general 
scone of the stage and ev connected with scenic ap A 
as well as in painting. For much of the Renny ont Gla be : 


and apparatus of the stage. vai aia 
Of this last, and of the quantity of hidden machinery requisite for 
expeditiously changing the scenes, as well as effecting more com- 
plex displays in pieces of spectacle, we shall not here speak, but confi 
our remarks to the painted scenery alone. Beginning with what i 
techni termed the drop-scene, as being the simplest of all, we hi 
merely to remark that it is no more than a picture or si } 
surface let down by pd of blind or curtain between the acts, so as 
close up the opening of the proscenium. As it generally continues to — 
be used for an indefinite time—thirty or forty years in some instances 
—the drop is more carefully executed than back scenes, which, showy 
as they may be in effect, are required only for a season, and are at a 
much greater distance from the spectators, » As far too as pictorial 
effect and truth of perspective are concerned, a drop shows itself to 
greater. advantage than other scenery, which is composed of dif 
ferent pieces constituting what is called a set of scenes, These cor 
of the narrow upright pieces called side-scenes or wings, of the narrow 
horizontal. ones (hanging-scenes ov soffits, painted to imitate a sky % 
ceiling, but chiefly intended to screen the space over the stage), and 0 
the back-scene, Backs again are of two kinds, namely, ing scenes 
which are let pone ee above, me ae which a d of ty 
sliding scenes strained upon ing, like wings, meeting each 
other and uniting in the centre. These are employed when what are 
termed practi: scenes are required, that is, with doors, Ws, 
&c., which admit of being used as real doors, &c.; or else when there 
is occasion that the “ flat” should suddenly open and discover anot 
scene behind it. In addition to these, there are what are termed 
flats, which are scenes cut out in places so that both the PeceercnneLll 
seen and the actors can pass through them. They are commonly used 
for the representation of groves or forests, but. sometimes for interiors 
with open arches. There are besides’what are ically known as 
pieces, narrow scenes placed obliquely on one side of the stage when it 
is wanted to show a cottage or corner of a house, with a practicable 
door in it. Lastly, there is set scenery, as it is termed, where, instead 
of the usual wings ranged one behind the other, there is a single scene 
on each side extending from front to back, so that the stage is com- 
pletely enclosed. By this means a more perfect representation of a 
rogm can be obtained than where wings areemployed. 
In fact side-scenes or wings can be requried 96 HEE pee tet eS 
many detached screens absolutely necessary to shut out from view the 
space on each side of the stage, since in themselves rather detract 
from than at all aid illusion and effect ; more ly in interiors, 
where what should represent a continuous wall or surface on either 
side is broken into several pieces, which are besides placed parallel to 
the back scene or flat, instead of being at right angles to it. If the 
scenery be viewed exactly from the centre and from the true trot 


tive distance, the defect thus occasioned is not very striking or otfen- 

sive; but if the spectator be near to the stage, or placed on one § 

of the house, the whole becomes more or less distorted, and the 

appear to be only so many disjointed ents, so that all 

illusion is destroyed, _ ; i ai 
Scene-painting is executed in distemper, that is, with colours mixed — 


ie 


to the surface. Instead of beginning with dead explanation of phenomena 3 the other the more precise indication of a 
ouring and then — ually working up his picture, the artist puts in | certain class of philosophers who have continued aha whose systen) 
\ all his cfieots at once, (as in fresco-painting)—the full tone of the lights | of thought in its fundamental points ever remained sceptical, To this 
__ and shadows, finishing as he proceeds, and merely retouching or glazing | latter we alone direct ourselves, 
O Sane parts afterwards which require ad itional depth or brilliancy. Socrates has been commonly called the founder of this sect by the 
In this kind of painting, bravura’ ot ex ution and strikingness of enunciation of his famous tenet,—all he knew was that he knew 
effect are indi , and nater must be rather exaggerated than | nothing. But this was more’ a limitation of the confidence of the 
the contrary ; at the same time aa be taken lest nigre gaudiness Dogmatists and Sophists, and a confession of the weakness of the human 
be substituted for brillianey and’ richness. Parther}'as: much of the understanding, than any fundamental scepticism, such as was sub- 
: of the piece depends upon him, ip io tipontent that the scene sequently embraced by Pyrrho and others; for though Socrates, more 
painter should not only be skilled in architéctural delineation, but also occupied with pulling down than building up, advanced few speculative 
_ Well informed as tg the styles of different countries and'periods, so as opinions of his own, yet we agree with Schleiermacher in awarding to 
_ to avoid those errors and anachrdnisms Which are frequently com- | him the merit of having first posited the true idea of science (as the in- 
mitted, and which are sometimes so glaring that no beauty of execution tercommunion of dialectics, physics, and ethics); and this one positive 


of moonlight, where the moon breaks through the clouds and gleams |spower (Stvauis) of opposing in all their contradiction the sensuous repre. 
upon water, &., changes of the sky from clear to stormy, or the con- | sentations and the conceptions of the mind (pawdueva te Kad voovmeva), 
, the sudden glare of fire, &c.; the most elaborate and costly | and thus to induce perfect suspension of judgment” (Sextus Emp. 
combinati of mechanical apparatus with carefully painted Scenery | ‘ Pyrrho. Hypot.,’ i. 1, 4); and Carneades denied the possibility of real 
re now exhibited in the “transformation scenes” of Christmas panto- | knowledge of anything from the twofold relations of the representa- 

D and extravaganzas, tion (image-idea, gavracia) to the object (70 parracrdy), and tothe 
7 looked upon as a very subordinate branch of the pictorial | mind (6 pavragtovpevos), as the mind had no criterion of the truth : all 
art, many artists of superior ability have applied themselves to scene- that could be affirmed was the mere probability (7d mOavdv), ARnesi- 
i To the name of Peruzzi we may add those of Bibiena, Ser- | demus defines it as the recollection of opinions from the testimony of 
doni, Loutherbourg, Lambert, Rooker, Gonzago, Quaglio, Sanqui- | the senses or other evidence, by which means one dogma was opposed 
rico, S » Roberts, Grieve, and Beverly. to another, and upon comparison all found useless and confused, 
_ SCEPTIC (3xerrixés), one who doubts, who deliberates, who cir- (Brucker, ‘ Instit. Philos., ii., c. 14, §7.) From the fallaciousness of 
cumspects. Such is the primary meaning of the word, but like most sense, the differences of sensuous perceptions in different organisations, 
words it has been wrested from its primary signification by ignorance | the weakness of understanding, and the impossibility of diving beneath 
or prejudice, and is now, beyond its philosophical meaning, used to | the appearances to the real causes of things, the sceptics deduced a 
express a dissenter from an established religion. In one sense it system of indifference which became equally difficult to accept or 
denotes a philosopher; for doubt is the first step in science ; it is the | refute. They maintained that every proposition requires a prior pro- 


refusal to take for granted any explanation of phenomena that may be | position to support it, and so on ad infinitum ; or else it assumes some 
offered, and the circumspection of the grounds and truth of this expla- | axiom which cannot be proved, and is to be taken for granted without 
nation. In common usage, Sceptic denotes, loosely enough, an atheist, | demonstration, and consequently may be denied with the same force 
deist, pantheist, &c., or, more Rrecisely, the holder of any heterodox | with which it is assumed. Further, that nothing can be known by 
opinions. Common usage is here, as is usually the case, wrong. To | means of itself, nor by means of something else, whilst that other 
Set the matter in its true light, we must remark that scepticism is | remains unknown, and that other must either be unknown or known 
doubt, while heterodoxy is disbelief; something manifestly | by means of something else, and so on ad infinitum. (Sextus Emp., i. 

from doubt, which is a mere oscillation of the mind between | 15.) This last is extremely subtle, and in itself is irresistible ; but as 
inions; the belief of this moment passing into the contrary belief of | Kant profoundly remarked, there is this fundamental flaw in absolute 
he next ; whereas disbelief is the belief in something contradictory, scepticism, “that it gives out everything for appearance. It therefore 
Reid, and others of the Scotch school, class disbelief as an ind pendent | distinguish appearance from truth, and of course must have a mark 
Power of the mind, equally with belief. We hold that the two are one | of distinction ; consequently presupposes-a knowledge of the truth, 
_ and the same power exercised on contrary opinions. The mind must | thus contradicting itself.” The careful avoidance of any expression 
believe a thing or disbelieve it (that is, believe something else which is savouring of certainty—the using ef the term seems for is—which was 
‘ ictory), or must oscillate—one moment believing this thing, and adopted by this sect, bas been inimitably ridiculed with all his wit and 
the next believing another thing. If then this distinction be borne in vivacity by Moliére (‘ Mariage Forcé,’ act. i., sc, 8); and indeed a 


¢ in common usage will be obvious, except in minds of a very peculiar and indolent nature: The abnega- 
An unbeliever and an infidel are convertible terms in ordinary lan- | tion of man’s a faculty, reason, the perpetual indecision on 
guage ; but nothing can be more erroneous. An unbeliever, in a | every point, so little accords with the fertile and prodigious activity 
ive sense, is the believer in some other religion, and as dogmatic in | and creative power of the mind, that the real professors of scepticism 
belief as the most orthodox (and hence the early Christians were | have been universally indolent, easy-natured, sensual men, with whom 
 ealled atheists by the Greeks, because the disbelieved in their gods), | the speculative doubting was stimulus enough. Morhoff (‘ Polyhistor,’ 
and might turn round upon the orthodox believer with the charge of | ii., lib. i., ¢. 6, and 1. ii., ce. ix.) gives an account of all the sceptical 
finbelief in his religion. Thus a Mohammedan is an unbeliever to the | writers in his dull laborious way; Brucker and Endfield (‘ Hist, of 
Christians, twce versa. An Infidel, on the other hand, as the word Philos.,’ i., b. ii, c, 16) give a more detailed account of their tenets, 
ate, is one with no belief, a doubter, a sceptic. The Infidel, when [Pyrruo, in Bros. Dry. 
truly such, does not dissent becatise he believes something else—not Of modern scepticism it is remarkable, that it differs little from the 
because he has a contrary faith—but because he cannot believe for any | ancient, and that whatever strides philosophy may have taken in other 
ength of time either the one or the other; he oscillates between them departments, it has niade little or none in that of doubt, The same 


becomes a believer. When Sanchez, a Portuguese physician, published in 1581 a treatise 
considering the great and awful subjects of religion or philosophy, the | entitled ‘De multum nobili et prim& universali Scienti quod nihil 
Weakness of the human mind must. ever k it in this state of | scitur’ (on the excellent and first universal science that nothing® is 
, x4 things higher than known), a rare and extraordinary work, containing the leading 
‘ite.own logic :—when once reason is set up as the standard, measure, arguments of the sceptics propounded in an extravagant manner; but 
od exponent of all things, the human being is lost in the shoreless gea | after many sweeping assertions on the impossibility of all science, he 
of scepticism at last admits the possibility of truth, and hints very plainly that he 
In one sense, there are few who are not sceptics on certain points | himself has attained it. It is an evidence of the restless Spirit of the 
and on the other hand, few who can properly be designated as Sceptics ; | times and the growing servility to the authority of Aristotle and his 
for to deserve this they must continue in the state of doubt which | followers. But nothwithstanding his natural confidence in his own 
‘Admits of no affirmation, Most men begin, as was said of Descartes, in | exclusive perception of truth, Sanchez was a real sceptic. Jerom 
dk everything, and end in believing rfperrs 2 The few who Hernhaym, an abbot of Prague, on the other hand, who wrote a work 
consistently preserved the character of sceptic have been among | De Typho Generis Humani’ (on the vain glory of human nature), in * 
__ the most celebrated in the history of philosophy, (Sczpricisa.] which he endeavours to expose the falsehood, presumption, and 
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uncertainty of human science, is to be distinguished from Sanchez and 
the Pyrrhonists ; he was a pse' , and his evident design was 
to depreciate human learning as inimical to divine wisdom, and to lead 
men wholly to rely upon religious faith. 

Of a similar tend is the celebrated work of Bishop Huet (‘ Essai 
sur la Faiblease ~s it eer which, as a the 
princi ints of the sceptic philosophy as given xtus Empiricus 
to mre insufficiency of human knowledge, he falls back upon the 

uent necessity of retiring within faith and being content with it. 
So palpable Seite pretence of hie ticism, that besides being a 
devout and learned bishop, he was the author of ‘ Demonstratio 
Evangelica.’ Yet with singular inconsistency he addressed this 
demonstration to the very understanding which he had so triumphantly 
asserted could not attain truth. 

Bayle is, as Cousin remarks, the ideal of sceptics, [BaytE, in Broo. 
Diy. 

Cavill, whose ‘ Scepsis Scientifica, or Confest Ignorance the way to 
Science,’ “ has hardly,” says Hallam, “ been seen by six living persons” 
(Hallam, ‘ Lit, of Europe,’ iv.), is the systematic sceptic of the 17th 
century, and bis work is altogether a curiosity from the rarity of its 
notice, the extraordinary nature of its contents, and from its author 
having been a clergyman ‘and member of the Royal Society, and from 
his having one year afterwards published a book in favour of witch- 
craft. [GLaNVILL, JosErn, in Broa. Drv.] . 

Bishop Berkeley, so commonly classed with the philosophical 
sceptics upon that misconception of the term we have before adverted 
to, is to be regarded simply as a believer in another system of 
pratt jo from that usually accepted. He denied the existence of an 
ex world. [Berkevey, in Bros. Drv.] 

Hume was the greatest and the legitimate sceptic of the 18th 
century. His was genuine Pyrrhonism. He attacked the very 
foundations of our knowledge by contrasting with them their self- 
contradictions. “The truth is,” observes Dugald Stewart, “that 
whereas Berkeley was sincerely and bond jide an idealist, Hume's 
leading object was plainly to inculcate wniversal scepticism.” (‘ Essays, 
ii.,c. 1) Hume accepted Berkeley's arguments in disproof of external 
reality, but he went still farther; after denying a substantive world 
( i being concerned only with ideas or representations), he 
denied on the same ground a substantive mind. For, he asks, as we 
know but impressions and ideas, how can we know that there is any- 

ing more these? These are the substance and limit of our 
knowledge. The mind itself has no distinct, energetic, substantive 
existence—it is but a succession of ideas. This is the doctrine 
expounded by Theatetus the Sophist, in Plato : “ there can be nothi 
true, nothing existent, distinct from the mind’s own perceptions” (7 
awdpeva exactrp Taira xa) ely). In truth the assumption of an 
external reality upon any grounds hitherto proposed is gratuitous and 
questionable. In the fact of perception it is assumed that there is— 
1, the consciousness; and, 2, the exciting external cause. But upon a 
patient and rigid interrogation of consciousness, all we find in it, as a 
fact, is a change in our state of being; beyond this no other element 
is given, but assumed. Now the question can never be—whether we 
are conscious of a change of being (since change is the condition of 
consciousness, and the individual consciousness is proof of itself), but 
whether, as the sceptic requires to know, we have or can have any 
knowledge or u of this external exciting cause in itself. 
This we must give up. It being admitted that we are influenced by 
externals mediately (that is, in representation), therefore our con- 
sciousness is of the ideas, not of the objects themselves. All that we 
really know is our own consciousness— our change of being—but we 
remain ignorant whether that change proceed from an evolution of being 
itself, or from the correlation of being and an external object. The 
reasonings of Reid, Stewart, Brown, &c. against this doctrine are most 
puerile. Stewart alone seems to have comprehended it in some of its 
aspects, but he nowhere fairly exposes and refutes it. If Hume is to 
be refuted, it must be, as Kant plainly saw, by a reconsideration of the 
very elements of perception, and an investigation of the received 
doctrines which Hume, assuming as established, employed as first 
principles. This was the work of Kant. 

Comte, though he calls his system positivisme [Comrr, in Broa. Drv.] 
may be considered a sceptic in its modern sense. Nothing, accordi 
to him, can be believed that cannot be proved; so he discards 
that is as revealed as wholly unestablished, and nothing but 
the positive facts of physical science are admitted. His own notions 
of a new religion require a far greater amount of belief than the system 
he attempts to discredit. 

SCEPTRE, from the Greek skeptron (axijrrpov), a staff, or rod 
carried by princes as the ensign of judicial and sovereign power: 
whence in the Old Testament (Numbers xvii. 2), and in Homer the 
most solemn oaths are sworn by it. In the Persepolitan sculptures 
the sceptre figures asa a ing staff, and in the sculpture found 
at Nineveh by Botta and Layard, the = king is sometimes repre- 
sented carrying a similar long staff; but the sceptres borne by the 
royal bearers (and Xenophon mentions that Cyrus was always 
attended by 300 sceptre-bearers), are shorter and more ornamented. 
Among the Egyptians aceptres were also much ornamented; of their 

the follo group will give a notion. ; 
reader who res to know the different forms in which the 


sceptre is represented upon ancient coins, may consult Rasche's 
‘Lexicon Rei Nummarie,’ vy. ‘Sceptrum.’. Le Gendre tells us 


(‘ Nouvelle Histoire de France,’ Svo, Paris, 1719, tom. ii., p. 116) that 
with the kings of France of the first race the sceptre was a golden rod 
as tall as the king himself. The sceptre, as an ensign of royalty, is of 


r antiquity than the crown. 
SCHEELE’S GREEN. ([Copper.] - 
SHILLING. [Money. 


SCHISM, SC TLCS, The Greek word schism (oxlopa) is 
used several times in the New Testament in its literal sense of a rent 
or rupture in one and the same object (Matt., ix. 16; xxvii. 51; 

i, 10; ii. 21; Luke, v. 36; xxiii. 45; John, xix. 24; xxi. 11); 
also in a figurative sense for a division of opinion among a number 


persons considered collectively as constituting a whole (John, vii. 43; 


ix. 16; x. 19; Acts, xiv. 4; xxiii. 7). Im reference to the in 
church, schism, in the abstract sense, is never mentioned. Schisms are 
spoken of twice only (1 Cor., i. 10; xi. 18); and in a third passage, 
where the union of the members of the church is com to that of 
the parts of the human body, the object of this union is stated to 
“that there should be no schism in the body.” (1 Cor., xii. 24-26. 
From a comparison of these passages, it clearly appears that pg 
in the New Testament sense, does not imply the open separation which 
exists between Christians and unbelievers, nor that between the mem- 
bers of differeat Christian communions, but it denotes som 
existing within one and the same church; and further, it does not 
appear to designate any difference of opinion ing doctrines or 
ceremonies or forms of government, but rather to refer to a state of 
mind, to the absence of a spirit of united Christian love. (‘ Dissent 
not Schism,’ a discourse by T. Binney.) : 

The common use of the word in ecclesiastical writers is different 
from this, With them schism is nearly synonymous with separation ; 
but in its stricter use schism is a separation from the communion of a 
church on the part of certain of its members who do not differ from 
its other members on any point of religious doctrine. Heresy consists 
in a dissent from the doctrines of a church ; schism is a dissent from 
its government, From this definition it clearly appears that any 
to enumerate the schisms of the istian church would be fruitless, 
since every community is considered schismatical by all the rest. 

The event which ecclesiastical historians call the great Schism of the 
West occurred in the 14th and 15th centuries, After the death of 
Gre; XI. (a.p. 1378), the cardinals, being compelled by the clamour 
of the pro of Rome to elect an Italian to the popedom, chose 
Urban VI. ; but afterwards the leading members of the college retired 
to Fondi in Naples, and elected Clement VII., who set up his court at 
Avignon, while Urban remained at Rome. Clement was er as 
pope by France, Spain, Scotland, Sicily, and Cyprus, and Urban by 
the rest of Europe. This schism continued till the year 1417, when 
it was healed by the Council of Constance, which elected Martin V. to 
the papacy. (Mosheim’s ‘ Ecclesiastical History,’ cent. xiv., pt. ii., c. ii., 
sect. 15, &c.; Waddington’s ‘ Church History,’ ¢. xxiii.) 

The other great schism is that between the Greek and Latin churches. 
(Greek Cavurcn.] 

SCHISMA (from oxicua, cleft, division), an interval, used only in 
mathematico-musical calculations, equal to half a comma, [Cosma. 

SCHLIPPE’S SALT, The sulphantimoniate of sulphide of sodium. 
(Antimony. Pentasulphide of Antimony.] L 

SCHOLIUM, =xéAoy (Mathematics), a name given in the older 
mathematical writers to the remarks which follow a proposition. A 
scholium must be distinguished from a corollary, inasmuch as the 
latter necessarily contains some deduction from the demonstration 
which precedes, which is not the case with the former. A scholium is 
an appendix containing general remarks the scope of a propo- 
sition, its application, or its hi te ing, in short, which is not 
an absolute corollary. The word is used by Cicero (‘ Ep. ad. Att.,’ xvi. 
7) in its general sense of remark, commentary, or explanation. 

SCHOOLS. The true Theory of Education can only be de’ 


considering what the being is on whom it is designed to operate. uca- 


tion is, according to its etymology, the leading out or unfolding of the 
human powers. t is obviously therefore a means for a soriain Soa 


To learn what that purpose is we must refer to experience, and we must — 
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ws that education is, in any particular case, an instru- 

nt for developing them. Now we know that man has not only 
ysical and intellectual, but also moral and spiritual faculties, all of 
= education ought to take under its care. That education is 
“incomplete which neglects any one of these faculties; and that 
education di its functions imperfectly which does not cultivate 

the faculties in such degree that their action may be well adjusted, and 
their general working be harmonious. But if there appear to be any 


invéstgate, the capacities of the human being. These being ascer- 
ment 


one of the faculties apart from whose influence the rest work indiffer- | 


_ ently or produce baneful results, and which is found when in healthful 
vigour to strengthen, refine, and control the whole nature, this power 
ought to receive primary and chief attention. The work then of 

- education is to foster, strengthen, and raise the physical, intellectual, 
moral, and spiritual capabilities of man. Some important deductions 
flow from these principles. Education ought to be universal both in 
relation to each individual and the community at large; for it ought 
to be co-extensive with the capabilities on which it is intended to act. 
It is contrary to the constitution of man and to the designs of God 
for any one of our capacities to remain undeveloped. They err who 

neglect to educate the body, and they also who neglect to educate the 
mind. These errors represent two different classes of men. A cer- 
tain school of philosophy at least makes light of religious education ; 
physical education has been lamentably neglected by the recognised 
teachers of religion. The latter error is now disappearing, but the 
former has been gaining ground; and this error is the more to be 
deplored because its consequences must be serious and lasting. If any 
one, certainly the religious faculty may be considered as the moving 
power of the human being. Religion indeed rightly understood is the 
 eentral science, round which all other branches of knowledge and all 
other pure influences are grouped 


system of education which omitted direct religious culture 
would tcoltby have been considered by thinking men as defective. 

There is in truth no other way than that which is afforded by a 
a training for forming such a character as the trials and duties 
of life require both among the rich and the poor. The mere com- 
munication of knowledge, and even habits of reflection and inquiry, 
can do very little towards real piness. What the people want is 
true wisdom and moral power, without which life is a scene of con- 
flict and misery ; but lom and moral power are the peculiar gifts 
of religion. 

Morality therefore should be taught in the schools in connection 
with the sanctions of religion. Apart 


Religion includes morality, or rather, is morality as well as religion, 
comprising in itself whatever is necessary for man to know, do, and be, 
whether in this state or the next, in order to fulfil the divine will, to 
ovlp aban peerett pepe: out his highest good. Penge reid 
that is well trained in the knowledge and practice of the C i 

received both a moral and a religious education, and is 
ps andere for the duties of life. 

is it will be seen that the religious education here demanded 
ical, much less a sectarian kind; but such instruc- 
tion as may enlighten the mind of the child and the adult as to their 
i their duties, and their hopes; and such a discipline as 
the instruction into the character till it “leaven the 
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It is not a little curious that in regard to education we may 
take a lesson from the ancient Persians,” who, according to Xenophon, 
education from the hands of the parents into the hands of 

the state, gave the same attention to the moral training of the young 
as is now under the best circumstances given to their intellectual 
instruction, and so brought them up under the influence of precept 


consist not of a mere dry detail of precepts, but should a to the 
reason and affections, that it may both develope them gain such a 
reception in the breast of the scholar as to become the living power 
which governs his conduct. 


* ® Not that we suppose Xenophon represents a real state of society ; “but the 
+ opinions are just as valuable as if he did. 
ARTS AND SCL. DIV. VOL. VIL. 
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The preceding remarks lead also to the conclusion that the cultur® 
which ensues from education is in itself an end, if indeed it is not 
the primary and great end of education. The husbandman sows the 
seed in order to produce grain ; the educator disciplines the faculties 
that he may bring them into vigorous, healthful, and pleasurable 
activity. In both cases there is an adequate end, a result in which 
the agents may satisfactorily rest. Education can have no higher 
object than the creation of happiness by means of the formation of 
character. This is the great object of the Deity himself; and if even 
the power which education gives is regarded as an instrument, as a 
means to some outward result, still the pursuit of mental and moral 
culture as a good in itself, can have no other than a beneficial result, 
It is important therefore that the purposes for which education is 
sought should be placed and kept in their proper rank. That which 
is secondary must not, however good, be thrust into the first place ; 
and above all that must not be altogether lost sight of, which in reality 
is in itself a most important result, if not the great end of education. 
The formation of character then, to make (so to speak) true men and 
women, beings with their faculties complete, and, in consequence, 
with all their internal sources of happiness, entire, full, and active— 
this should be an object carefully studied and diligently pursued by 
the educator. But here even superior minds halt behind the truth, 
making the chief object of education some extrinsic result—such as, 
in the case of males, fitness for the duties of their station in life; in 
the case. of females, such as may prepare them to be pleasing wives 
and useful mothers—aims excellent in themselves, but scarcely 
entitled to hold the first rank, if for no other reason than this, 
that an outward accomplishment does not of necessity imply such 
an inward culture as will ensure health and vigour of character, 
and that durable and growing happiness which attends on genuine 
personal excellence. 

The real nature of education considered as an instrument may also 
be gathered from these remarks. Ifthe subject on which education 
operates is mental and moral in its character, and the effects which it 
labours to produce and the aims which it ought to pursue, also: mental 
and moral, the instrument must be of a similar kind. Setting aside 
then so much of it as is designed for a physical result, education is a 
mental and a moral influence; in other words, it is mind acting on 
mind; it is a superior acting on an inferior character; it is human 
thought and human sympathies brought to bear on kindred elements 
in the bosoms of the young; it is the power of religion living and 
breathing in one soul, going forth into another, and kindling within 
that other corresponding vitality. Whence it is obvious that much of 
what is called education does not deserve the name ; that a mechanical 
routine is not education, nor dexterity of hand, nor skill in shaping 
certain forms, nor the utterance of articulate sounds. If so, then 
reading, writing, and arithmetic, how well soever they may be taught, 
ought not to be dignified with the name, though they may in fayour- 
able circumstances contribute something to education. 

The tenor of these observations has determined another thing, 
namely, what ought to be the prevailing spirit and what the discipline 
of a school. School in reality holds the place of home; home is 
God's school, but since present modes of life do not permit the parent 
to give his child a suitable training, he transfers education to the 
school. The school therefore should approximate as closely as possible 
to the home, Now in theory the homes of this land are Christian 
homes ; the school in consequence should be a sort of Christian home. 
Such a union of terms calls up in the mind ideas of gentleness, for- 
bearance, and affection. These then are the moral qualities which 
ought to prevail in the school. If so, severity and harshness must be 
banished as incompatible with the objects for which schools are 
instituted. Nor are they only incompatible, but they are actually 
preventive and subversive of those objects. The display of every 
moral quality produces its like in those who habitually witness it; 
and unless the aim in school-training is to produce a severe, harsh, 
ae character, severity and harshness must be studiously 
avoi 

So also the intellectual influence employed should be such as is 
likely to call out and strengthen the mental powers. The chief good 
of education is not to be looked for in outward results, nor even in 
the amount of knowledge communicated, but rather in such habits of 
mind,—power to fix the thoughts on any given object, to comprehend 
many particulars at one view, to resolve a complex subject into its 
component elements, to endure lengthened exertion, to carry deter- 
minations into practice, to find resources for thinking and for happiness 
within—as may fit a young person for discharging his duty under all 
circumstances. Mere instruction therefore is not education, but 
simply an instrument of editeation. The aim should be so to inform 
the mind, as by the very act of informing to develope and strengthen 
its powers. The instruction then that deadens the appetite for know- 
ledge and overloads the powers is not education, but something 
foreign to its nature. , 

There are two modes, corresponding with two processes, by which 
the mind carries on its own education, namely, synthesis and analysis, 
which should be studied and employed by the educator as his great 
instruments. By synthesis he will, both orally and by means of 
manuals, offer knowledge to the mind in a simple, attractive, yet 
systematic form, rising by degrees from the more to the less easy, and 
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out the relations of the several pone to one or more elementary 
inciples, their connections with other branches of knowledge, and 
more obvious deductions which may be made from them. Thus 
will he at once ascertain that he has succeeded in communicating his 
lessons to the pupil, and in making those lessons themselves prolific in 
additional information. 

In the employment of these instruments the educator must be 
careful to follow nature in her order of unfolding the faculties; he 
must address those first which appear first, and he must carefully 
abstain from anything calculated to force any natural power into 
premature activity, or to overwork any faculty when it has come forth. 
Now the sight, the hearing, and the touch are the gifts of nature 
which are earliest developed. The power of reflection comes at a later 
—. and only as a result of the operation and influence of the senses. 

raind of a child is an empty storehouse ; the eye, the ear, and the 
touch are the portals through which this storehouse is supplied with 
matter, which, received and laid up, is afterwards operated upon by 
the mind, pursuant to its own laws. If then the senses are the first of 
our faculties which are fit for use, the senses should receive the earliest 
attention of the educator. A child can immediately observe ; therefore 
the power of observation should be first cultivated. It is important 
that all the senses should receive cultivation, not merely for the infor- 
mation of which they may be made the vehicle, but with a view 
to that traini which is first among the purposes of education; but 
the eye may some precedence, as the sense of sight comes first ia 
the order of natural sensibility. At a very early period the educator 
should begin to teach his scholar how to use his eyes and other senses, 
both by words and by examples; and as the other faculties are found 
to expand themselves, so should they be from the first taken under his 
fostering care, that by exercise he may bring them to act harmoniously 
and efficiently, 

Tt is, however, necessary that education should be also r asa 
means to some outward result, and here at once the social distinctions 
of life present themselves to our attention and modify our views. It 
is obvious that a child should learn that which will best prepare him 
for the labours, the trials, and the duties through which he will have 
to pass. In other words, the children of the poor ought to be taught 
what most concerns them to know, what they will have immediately 
to do, and what, other things remaining the same, will prove the most 
fruitful source of happiness. At the same time, the primary object of 
education—the formation of character—should also be kept in view; 
and the discipline through which a child ought to be conducted 
and the subjects of knowledge to be placed before him, must be deter- 
mined by a joint reference to his capacities and his probable future 
station in life. 

Now in treating of the mere external parts of education, health of 
the body is the first thing that demands our attention. The body is 
the instrument by which the mind executes its purposes, and by which 
therefore much of the good which education does makes itself felt. It 
would consequently seem to be of the first importance that this instru- 
ment should be kept in the highest state of efficiency. But this is an 
end which cannot be attained if men are brought up in total ignorance 
of the structure of their bodies, and of the laws of health. From the 
first, therefore, children should be habitually taught to know the con- 
ditions on which health depends; such as relate to the state of their 
dwellings, the condition of their persons as to cleanliness and other 
matters of the like kind, of which not only the labouring classes but 
many others are extremely ignorant. There is no peculiar difficulty 
in communicating the requisite knowledge, and on the part of the 
young the reception of it would be easy and pleasant. If we measure 

nowledge by its real usefulness, that is, its power to promote 
happiness, what comparison is there between this information and a 
knowledge of geography, history, or other things of the kind? A 
man may bé ignorant of all these matters, and yet livea virtuous, 
happy, and long life, but he cannot with impunity remain ignorant of 
the laws oe been most arms and the most injurious pre- 
judices prevail on this point among the le ; and in general t! 
Sitewins that sickness, eusse, and Saath Geo on Be AN altogether 
beyond their reach, on luck or chance, and that they have no other 
resource than passive submission. 

It is also by means of the body that the children of the poor will 
have to get their bread. They should be taught to know this asa fact, as 
a simple piece of information, which involves neither merit nor demerit, 
neither honour nor dishonour. For such exercises of the body as they 
are likely to be called to, they ought from an early period to be pre- 
pared while at school by an industrial training. 

This remark comprises much more than a demand of bodily labour 
from the young. It involves such a course of instruction as may best 

repare them for their future occupations, There is no pursuit in 
ife—not even that which is most mechanical—which does not depend 
on, or is not connected with, certain principles; for all manual ur 
is only the carrying out and realisation of results for which science has 
the way. It is equally certain that there is no labour which 

may not be lightened or relieved by went he) 5 A good education 
therefore would make the labourer acquainted with the facts and 
principles on which his art is built ond thus enable him to enjoy the 


to improve his character as a man as well as’ his efficiency as.a 
workman. 


But no improvement can be e: in popular education until a 
better race of teachers is provi Great as is the deficiency of 
schools, if they were filled WA Santee Ge /APPSnirs mana 


evil would be rem 


boven 4g Bibdot, « change is moe teeaae Whatever time may 
occupied in school duties, there are many hours which a child 
during which the ane has no influence oe ee 
the very times at whi young are most suscep of impressions ; 
when the moral and intellectual ities , 
influences, and receive them readily 
In the actual state of things then, the real educators of the young 
their parents, their brothers and sisters, their 
companions—in one word, their home. No ad 
results from the employment of females in mills factories. 
ordinary state of society all that should be peculiar in a fem 
education would be left to her mother. But among a large 
the manufacturing classes there are not mothers who could gi 
thing approaching to the requisite education. There is th 
other resource but the school. It is altogether im t th 
labouring classes, at least of the manufacturing districts, can ev 
be happy until a new and improved race of mothers appears. In- 
addition, therefore, to the educational requisites already rot pe 
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that there should be a sufficient number of 


for it matters little what the labourer's earnings are, what own 
intelli is, if he has not a thrifty, kind-hearted, sensible, and 
industrious wife. 


be looked to asan ultimate end. Chere io nothing bul Fae eae . 
tions which can bring to the dshouing classes all the good whic 
cation, like charity of every 
Kind, Sandie £0 sanaueriee those how 10 sons be beat: and so long as 
the education of the poor depends on the efforts of rival and con 


igion or in itics, it is impossible that 


companied by a large amount of sectarian and phrty feeling. At the 

present hour this is peculiarly the case. The church is arra; 

dissent, dissent is ie against the church, in competition for the: 
largest share in the education of the children of the poor; the 

rivalry is in greater or less activity through every city and village of 

the kingdom. 


seem to demand the intervention of the government by m of a 
general catholic and truly national education. But the of 
parties gives little reason to expect this at present. Still the govern- 
ment is doing something; but the remedial measures employéd cannot 
overtake the disorder. Perhaps after all, the end to be aimed at is, 
that the people should seriously take the education of their children 
into their own hands, or intrust it to proper ns of their own 
choice. This end may be facilitated by that love of indeneiaee 
which has hitherto been a marked feature in the character 


men, who do not like either a government or individuals to be obtru- 


ding on their private concerns. Assuming, then, that the importance 
of education for all classes is now facuealin admitted, we to 
notes our grammar and primary schools, and the laws w affect 
em. ; 
Endowed Schools, An endowed school in England is a school which 
oe bees ae is eeppceted bs en and appro} " to 
the perpetual use of su ool, either e sovereign or by private 
individuals, The endowment provides Ait for the master and 
usher, if there be one, and gratuitous instruction to pupils, either 
erally or the children of persons who live within certain defined 
imits. Endowed schools may be divided, with respect to the objects 
of the founder, into grammar-schools, and schools not 
A grammar-school is generally defined to be a school in which the 
learwed languages, the Latin and the Greek, are bet a Endowed — 
schools may also be divided, with respect to their itution for the 
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government, into schools in and schools not 
~ ted schools belong to the class of corporations 


licence is given in the form of letters 
_ patent, which empower the person to found such a school, and to make, 
or to empower others to make, rules and regulations for its govern- 


ration consists of master and usher only, of whom the master is 
res he ees ot ook oad ee by the master. 
L and property of such a school are vested in the corpora- 
tion, whose duty it is to apply them, pursuant to the terms of the 
feeeeeen, in Buppcrtiog the school. Many school endowments are of 
_ a mixed nature, the funds being appropriated both to the support of a 
free-school and for other ble purposes. These other purposes 
are very various; but among them the union or connection of a hospital 
Fee MEMMiptike With & Sree-echoo! is one of the most common. 

Where there is no charter of incorporation, which is the case in a 
zat number of school endowments, the lands and other property of 
_ the school are vested in trustees, whose duties, as to the application of 
the funds, are the same as in the case of an incorporated school. It is 
necessary from time to time for the actual trustees to add to their 
sometimes 


land. 
Every charity, and schools amongst the rest, seems to be subject to 
_ visitation. We shall first speak of incorporated schools. 
_ The founder may make the persons to whom he gives the school 
on trust the governors of his foundation for all purposes ; 
: if Stell Si cbatiel vidlice, %t appeate that each persons will be 
visitors as well as trustees. If he names a person as visitor, such 
pe is called a special visitor ; and it is a general rule that if the 
‘ visitor, and does not constitute the governors 
visitors, the heir-at-law of the founder will be 
visitor ; and if there is no heir-at-law, the crown will visit by the lord 
keeper of the great seal. The king is visitor of all schools founded by 


lication of the funds. It is 
haviour of the master and 


respective 


alter unless ine empowered by the terms of the donation to 
do so. There seems to be no reason for supposing that the king, in 
respect of royal foundations, has any further power than other per- 
_ sons, and consequently he cannot alter the terms of the donation, 
unless this power was i reserved to the founder and his suc- 
 cessors; but on this matter there may be some difference of opinion. 
The visitor, or those who have visitorial power, can alone remove a 
master or usher of 0 ee school. aed of Chancery never 
removes a master or usher, when they are of the corporate body, 
on the general principle that this ot bes no power to remove a 
‘ of any kind; and when there is a visitor, or persons with 
: ial power, the court never attempts to remove a master 
or usher, even if they are not members of the corporation. (17 Ves., 
Att,-Gen. rv. the Earl of Clarendon.) 
Trustees of endowed schools which are not incorpora' 
countable in a court of equity for the management of the school 
pre . But the internal ment of the school still belongs 
z special visitor, if there is one ; and if there is no special visitor 
it belongs to the founder's heir, Trustees of endowed schools, simply 
as such, are merely the guardians of the property, as already observed ; 


and it is their duty to take care of it,and to’ apply the income according 
to the founder's intention. It has, however, happened that in schools 
not incorporated the jurisdiction of the Court of Chancery and the 
visitorial jurisdiction have not been kept quite distinct; and cases have 
arisen in which it has been found difficult to determine what ought to 
be the proper mode of proceeding. 

A free grammar-school was an endowment for teaching the learned 
languages, or Greek and Latin, and for no other purpose, unless the 
founder has prescribed other things to be taught besides grammar. 
This legal meaning of the term grammar-school has been fixed by 
various judicial decisions, and it appears to be established that, if the 
founder merely expresses his intention to found a grammar-school,’ the 
school must be a school for teaching Latin and Greek only, at least, so 
far as the teaching is gratuitous; other branches of instruction may 
be introduced, but the scholars must pay for this extra instruction. 

Grammar-schools have now for a long time been solely regulated 
by the Court of Chancery, which, though affecting merely to deal 
with them in respect of the trusts and the application of the 
trust-monies, has in fact gone much farther. The court may be 
applied to for the purpose of establishing a school where funds 
have been given for the purpose, but the object cannot be effected 
without the aid of the court. It may also be applied to for 
the purpose of correcting a misapplication of the funds. The court 
may also be applied to in order to sanction the application of the 
school funds when they have increased beyond the amount required 
for the purposes indicated by the founder. Such surplus funds are 
often applied in establishing exhibitions or annual allowances to be 
paid to meritorious boys who have been educated at the school, during 
their residence at college. The master’s scheme for the regulation’ of 
Tunbridge school, in Kent, which was confirmed by the Court of 
Chancery, established sixteen exhibitions of 100/. each, which are 
tenable at any college of Oxford or Cambridge, and payable out of the 
founder’s endowment. It also extended. the benefits of the school 
beyond the limits fixed by the founder, and made various other regu- 
lations for the improvement of the school, having regard to the then 
annual rents of the school estates. 

The previous remarks on -schools must be taken subject to 
the provisions contained in a recent Act of Parliament, which is the 
only attempt that has been made by the legislature to regulate schovls 
of this class. This act (3 & 4 Vict. c. 77) is entitled “ Act for 
improving the Condition and extending the Benefits of Grammar- 
Schools.” The act recites, among other things, that the “ patrons, 
visitors, and governors of such grammar-schools are generally unable of 
their own authority to establish any other system of education than 
is expressly provided for by the foundation, and her majesty’s courts 
of law and equity are frequently unable to give adequate relief, and in 
no case but at considerable expense.” The act then declares that the 
courts of equity shall have power, as in the act provided, “to make 
such decrees or orders as to the said courts shall seem expedient, as 
well for extending the system of education to other useful branches of 
literature and science, in addition to or (subject to the provisions 
thereinafter contained) in lieu of the Greek and Latin languages, or 
such other instruction as may be required by the terms of the founda- 
tion or the then existing statutes, as also for extending. or restricting 
the freedom or the right of admission to such school, by determining 
the number or the qualifications of boys who may thereafter be 
admissible thereto as free scholars or otherwise, and for settling the 
terms of admission to and continuance in the same, and to establish 
such schemes for the application of the revenues of any such schools 
as may in the opinion of the court be conducive to the rendering or 
maintaining such schools in the greatest degree efficient and useful, 
with due regard to the intentions of the respective founders and 
benefactors, and to declare at what period, and upon what event, such 
decrees or orders, or any directions contained therein, shall be brought 
into operation; and that such decrees and orders shall have force 
and effect, notwithstanding any provisions contained in the instruments 
of foundation, endowment, or benefaction, or in the then existing 
statutes ;” but it is provided, that if there shall be any special visitor 
appointed by the founder or other competent authority, he shall be 
heard on the matters in question before the court makes any orders or 
decrees. 

This enactment extends the power of the court over grammar- 
schools very considerably, as will appear from what has been said; not 
so much however, if we view what the court has done, as if we take 
the declarations of the most eminent equity judges as to what the 
court can do. The power however of changing a grammar-school into 
one not a grammar-school, which is given by this act, is a considerable 
extension of authority; but the power is limited to cases (§ 3) where 
the necessity of such a change arises from insufficiency of the revenues 
of a grammar-school for the p of suchschool. But this provision 
as it has properly been remarked, will be of very difficult applica- 
tion; for in many successful -schools the revenue is small, 
and in some which are not successful it is large. Smallness of revenue, 
therefore, will not of itself prove “ insufficiency of revenués” in the 
sense intended by the act. The same section contains also a provision, 
that except in this case of insufficient revenues, the court shall not by 
this act be authorised to dispense with any statute or provision now 
existing, so far as relates to the qualification of any schoolmaster or 
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under-master. The di ing power then which the court has often 
assumed, as shown in some instances above mentioned, remains a& it 
was; that is, it does not exist at all. 

When a grammar-school shall have been made into another kind of 
school under the provisions of this act, it is still to be considered a 
grammar-school, and subject to the jurisdiction of the ordinary as 
heretofore. , 

In case there shall be in any city, town, or place, any grammar- 
school or a with insufficient revenues, they may be 
united, with the consent of the visitor, patron, and governor of every_| 
school to be affected thereby. The legal meaning of city and town 
(township) is sufficiently precise, but “place” has no legal meaning, 
and the framers of the act have forgotten to give it one in their 25th 
section, which treats of the construction of terms in that act. 

The court is aleo empowered (§ 14) to enlarge the powers of those 
who have “ authority by way of visitation or otherwise in respect of 
the disclipine of any grammar-school ;” and where no authority by 
way of visitation is vested in any known person, the bishop of the 
diocese may apply to the Court of Chancery, stating the facts, and the 
court may, if it so think fit, give the bishop liberty to visit and regu- 
late the said school in respect of the discipline, bat not otherwise. 
This provision, for various reasons, will prove completely inoperative. 

The act gives a summary remedy against masters who hold the 
premises of any grammar-school after dismissal, or after ceasing to be 
masters. Such masters are to be turned out in like manner as is pro- 
vided in the case of other persons holding over, by the Act of the 1 & 
2 Vict., entitled “‘ An Act to facilitate the Recovery of Possession of 
Tenements after due Determination of the Tenancy.” 

All applications to the court under this act may be (not must) made 
by petition only, and such petitions are to be presented, heard, and 
determined according to the provisions of the 52 Geo. III. c. 101. 

The act saves the rights of the ordinary. It is also declared not to 
extend “ to the universities of Oxford or Cambridge, or to any college 
or hall within the same, or to the university of London, or to any 
colleges connected therewith, or to the university of Durham, or to the 
colleges of St. David's or St. Bees, or the “schools of West- 
minster, Eton, Winchester, Harrow, Charter-House, Rugby, Merchant 
Tailors’, St. Paul's, Christ’s Hospital, Birmingham, chester, or 
Macclesfield, or Lowth, or such schools as form part of any cathedral 
or collegiate church.” But the exemption does ‘not extend to the 
grammar-schools of which the universities of Oxford or Cambridge, or 
the colleges and halls within the same, are trustees, though these 
schools were excepted from the Commissioners’ inquiry by the 5 & 6 
Wm. IV, ec. 71. : 

It appears from the rules of many grammar-schools that religious 
instruction according to the principles of the Church of England, as 
established at the Reformation, is a part of the instruction which the 
founder contemplated ; and when nothing is said about religious 
instruction, it is probable that it was always the practice to give such 
instruction in mar-schools. That it was part of the discipline of 
such schools before the Reformation cannot be doubted, and there is 
no reason why it should have ceased to be so after the Reformation, as 


which may hinder the business of the school. He appointed a chaplain. 
soiiisacbool, thereby appanciaag 4 bibend tho religions intetene 
should not be given by the masters of grammar, who would be fully 
em otherwise. 

t sometimes been doubted whether a master of a grammar- 
school could hold ecclesiastical preferment with it. If the founder 
has not forbidden this, there is no rule of law which prevents him. If 
the holding of the two offices should cause him to neglect the duties 
of either, the remedy is just the same as if he neglected either of his 
ova a anline und aston nly free to the children of particular 
Man ools are only e a ’ 
Basra 5 5 of some particular parishes; but this privilege occa. 
sionally been extended to a greater surface, as in the case of Tunbridge 
school. Some are free to all persons, which is the case with some of 
King Edward VI.’s endowments. Sometimes the number of free boys_ 
is limited, but the master is allowed to take pay scholars, either by 
usage or by the founder's rules. At present the practice is for masters. 


practice of the master taking 
or township for which the school was intended have been 


led to quit the school sometimes in consequence of the head master — 


being solely intent on having a profitable 


and this has frequently been the only means by which the school has” 
been able to maintain itself as a grammar-school. mn 
has been a good one, an able master has often been found willing to_ 
Seo penne shes Vie ee a small salary attached to it, 
in the hope of making up a competent income by boarders, 

can only be effected by the master’s care and diligen in Renebaee, 
small neighbourhood has thus frequenty enor the advantage of its 
grammar-school, which otherwise would 


Endowments for education are probably nearly as old as endowments _ 


for the support of the church. Before the Reformation there were 
schools connected with many religious foundations, and there were 
also many private endowments for education. Perhaps one of the 
oldest all 


cording to some authorities), founded a school or college by 

from the pope. This school certainly existed for a long time; and 
there is a record of a suit before the atmos | of Canterbury in 
1321, between the rector of the grammar-schools of the city (supposed 
to be Theodore’s school or its representative) and the of § 
Martin's, who kept a school in right of the church. The object of the 
suit was to limit the rector of St. Martin’s in the number of his 


scholars. This school probably existed till the Reformation; at least — 


this is the time when the tt King’s school at Canterbury was 
established by Henry VIIL, and probably on the ruins of the old 
school. Before the Reformation schools were also connected with 
chantries, and it was the duty of the priest to teach the children 
grammar and singing. There are still various indications of this con- 

tion between schools and 1 


will presently appear. It is generally asserted that in every grammar- 
school religious instruction ought to be given, and according to the 
tenets of the Church of England; and that no person can undertake 
the office of schoolmaster in a grammar-school without the licence of 
the ordi . This latter question was argued in the case of Rex v. 
the Archbishop of York. (6 ‘T.R., 490.) A mandamus was directed 
to the archbishop directing him to license R. W. to teach in the 
grammar-school at Skipton, in the county of York. The return of 
the archbishop was that the licensing of schoolmasters belongs to the 
archbishops and bishops of England; that R. W. had refused to be 
examined ; and he relied as well on the ancient canon law as upon the 
canons confirmed in 1603 by James I. (‘The Constitutions and Canons 
Ecelesiastical,’ “ Schoolmaster,” 77, 78,79.) The return was allowed ; 
and consequently it was determined that the ordinary has power to 
license all schoolmasters, and not merely masters of mar-schools, 
As to schoolmasters generally, the practice is discontinued, and 
probably it is not always observed in the case of masters of grammar- 


From tbe terms of this licence it appears that the master of every 
school who is licensed by the ordinary must be a member of the 
Church of England, and must take the oath and make the subscriptions 
and declarations which are recited in the licence. 

It is a common notion that the master of a grammar-school must be 
a graduate of Oxford or Cambridge, and in boly orders, and such is the 
present practice ; but it is by no means always the case that the rules 
of endowed schools require the master to be in holy orders. The 
founders seem generally to have considered this a matter of indif- 
ference; but many of them provided that if the master was in orders, 
or took orders, he should not at least encumber himself with the cure 
of souls. The principle clearly was, that the master of a grammar- 
school should devote himself solely to that work; and it was a good 

The Court of Chancery has in various cases ordered that 
the master should be a clergyman, where the founder has not so 
ordered. Dean Colet, the founder of St. Paul’s School, London, 
ordered by his statutes that neither of the masters of that school, if in 


orders, nor the chaplain, shall have any benefice with cure or service 


schools are still, or were till lately, kept in the church, or in a b ng 
which was of it. There are many schools still in existence w 
were founded. before the Reformation, but a very great number were 
founded immediately after that event, and one professed object of 
i Mamiiving the chantries and other religious ase: 


sr se of establishi ools, 
pears from the recital of the act for that purpose (1 Ed. VI. 
e.14.) [CHantry.] ot 
Though the act was much abused, the king did found a 


considerable _ 
number of schools, now commonly called King Edward’s Schools, out 
lands ; 


of tithes that formerly belonged to religious houses or ; 
and many of these schools, owing to the improved value of their pro- 
, are now among the richest foundations of the kind in 
ese, as in many other grammar-schools, a certain number of per- 
sons were incorporated as trustees and governors, and provision was 
made for a master and usher. At that time the endowments varied 


pleas stianaasienr nea cgphom beep kates Lies 
A Recap y of the -schools were founded in the 
reigns ward VI. and , and there is no doubt that the 


founders, Since the reign of 


sionally established, but less frequently, while endowments for schools _ 


s 
: 
é. 
g 


not grammar-schools have ually increased so as 
numerous than the old schools. Foundations of the latter kind 
still made by the bounty of individuals from time to time ; 
Act of Parliament (2 & 3 Wm. IV. c. 115) has made it 

money by will for the establishing of Roman Catholic schools. 


-sohy 
those’ mentioned 
Society, 


SE ses 
frtetes! 


trines are taught in the school. The statute of the 9th Geo. IT. c, 36, 


igious foundations in the fact that some — 
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commonly called the Mortmain Act, has placed certain restrictions on 
gifts by will for charitable purposes, which restrictions consequently 
d ions by will for the establishment or support of schools, 


ae Bie, of our grammar-schools before the Reformation would 
a large of 


bea the history of education in England, for up to that 
time there were probably no other schools. From the time of the 


Reformation, and particularly till within the last half-century, the 
— of d were the chief places of early instruction 
all those who received a liberal training. From these often humble 
and unpretending edifices has issued a series of names illustrious in 
the annals of their —a succession of men, often of obscure 
and stinted means, who have justified the wisdom ofthe 
of grammar-schools in providing education for those who 
would otherwise have been without it, and thus securing to the state 
the services of the best of her children. Though circumstances are 
now changed, there is nothing in the present condition of the 
country which renders it prudent to alter the foundation of these 
schools to any great extent; and certainly there is every reason for 
them in all the integrity of their revenues, and for labour- 

to make them as efficient as their means will allow. 
voluminous Reports of the Commissioners appointed in 1818 
and 1837 to inquire into Charities, contain the most complete acces- 
sible information on the several schools which were visited by the 
commissioners. But this vast mass of materials is only useful for 
those who wish to inquire into some partigular endowment, or for the 
few who have leisure to the and the knowledge neces- 
sary to enable them to make a right use of them. The number of 
00) on by the commissioners is 700; the number 
of endowed schools not classical, 2150; and of charities for education 
not attached to endowed schools, 3390. The income of grammar- 
schools reported on was 152,047/, 14s. ld.; of endowed schools (not 
classical), 141,385. 2s. 6d.; and 


of the children of the poor in consideration of it involves 
the whole matter of what is generally termed “ popular education,” 
fhe. Day-school, and the Infant-school. 


“orbe the ro eats the Bolick os h establishm that th 
English church establishment supposes that the 
youth of the country are directly or indirectly under the care of the 
clergy for the purposes of education ; and there was a@’period in which 
none but the clergy were in the business of instruction. 
Various circumstances, however, added to the increase of population, 
its growth in wealth, the rise of new commercial interests, together 
with the spread of dissent, caused the people to outgrow the very 
scanty provision made for their education, so that towards the end of 
the last century an opinion became prevalent of the urgent necessity 
for the extension and the improvement of the means for the 
education of poor children. The result was the commencement in 
England of a series of efforts which have led both here and abroad to 
the most beneficial reeults. 
Raikes of Gloucester is generally considered the founder of Sunday- 


schools, but other persons him in the benevolent effort to 
make the Sunday subservient to the education of neglected children. 
The Rev. ilus Li , Shortly after he had taken possession of 


The flea of Sunday 
: of Sunday instruction was communicated to Mr. Raikes by 
the Rev. Mr. Stock, curate of St. John’s, Gloucester. [Rarkes, in 
Broc. Drv. 
The “ National Schools” took their rise from the impulse given by 
wy of Dr. Andrew Bell. (Bett, Dr. AnpREW, in Brose. 
Joseph Lancaster, born in 1771, was a member of the Society of 
Friends. (Lancaster, Josern, in Broo. Drv.] His efforts resulted in 
the formation of the British and Foreign School Society. 
qi ‘ant-schools are designed to prevent evil, and to train young 
in the practice of virtue and kind feeling, as well as to the 
— of knowledge, particularly in those cases in which the parents 
their occupation are unable, or from their dispositions are un- 
willing, to take proper care of their offspring. At present having been 
found of great service in the humbler ranks of society, they are slowly 
themselves among the middle classes. If the whole of 
English education were planned with similar foresight and care, and 
conducted on similar principles, so as to make one connected series 


from to manhood, extending through all ranks, modified only 
by the facilities and destination of each, the highest advantages 
would follow. The infant-school system makes the school-room into a 


nursery and a playground, in which virtue, intelligence, and love 


preside, direct the movements, and regulate and foster the emotions. 
The scholars are instructed while they play, and learn to associate 
pleasurable feelings with their school pursuits. 

The real founder of Infant-Schools appears to have been the Pastor 
Oberlin [OsERLIN, in Broe. Drv.]; but Prsratozzr [Broc. Dry.] also 
aided. Mr. Owen was the first Englishman to establish an infant- 
school on a large scale, and for definite purposes—and certainly the 
school which he founded at New Lanark in Scotland at least ranks 
among the earliest. 

In the Bie 1819 Henry Brougham, the Marquis of Lansdowne, 
Joseph Wilson, John Smith (who had seen the schools at New Lanark 
five years previously), and other gentlemen, established, by subscription 
among themselves, a school in Brewer’s Green (now Vincent Square), 
Tothill Fields, Westminster, on the plan of Mr. Owen’s schools at New 
Lanark ; and James Buchanan, an experienced teacher in those schools, 
came te London, with Mr. Owen's approbation, to superintend the new 
schoo 

On the 24th of July, 1820, an infant school was opened in Quaker- 
Street, Spitalfields, London. This school was established at the sole 
expense of Joseph Wilson, above mentioned. Samuel Wilderspin and his 
wife were engaged to manage the school, and their salaries were fixed 
and paid by Mr. Wilson. Wilderspin had been previously a clerk 
in a mercantile house in the city. He remained in this situation some 
years, and published a small work ‘On the Importance of educating 
the Infant Poor from the age of eighteen months to seven years, con- 
taining an account of the Spitalfields Infant School, and the new~ 
System of Instruction there adopted. By S. Wilderspin, master of the 
above school, 12mo, 2nd edition, with considerable additions, Lond., 
1824, The first edition was probably published in 1823, but we have 
no evidence. Mr. Wilderspin was afterwards employed in delivering 
lectures on infant education, in assisting in the establishment of new 
schools, and in otherwise promoting the cause of infant education in 
all parts of Great Britain as well as in London. Mr, Buchanan was 
master of the Westminster infant school about twenty years, and then 
went to America. 

Of a different class in many respects to either of those yet noticed 
are the schools called Birkbeck Schools. They were established by a 
private gentleman, Mr. William Ellis [Etx1s, Wmxr1aM, in Bros. Drv.], 
at his own expense, but are intended to be ultimately maintained by 
the weekly payments of the children. As is more fully explained in 
the article referred to (see also the ‘Companion to the Almanac,’ for 
1860, p. 13, &c.), the distinctive feature of the schools is that instruction 
in social science is made a matter of pri importance: it being the 
opinion of the founder “that the habits of reflection and self- 
examination, which its study calls forth, cannot fail to impart a useful 
bias to the character and conduct in after life.” Several of these 
schools are in operation, the principal one, a large and flourishing 
establishment in which several hundred children are under instruction, 
is at Peckham. 

‘ Reformatory and Ragged Schools have been treated of under those 
eads. 


A “College of Preceptors” has been also established, which examines 
and gives certificates of competence to persons intending to be teachers. 
This has tended greatly to improve the teaching in private schools; 
while the Oxford and Cambridge middle-class examinations of the 
scholars of any school, as well as the throwing open, to a certain 
extent, of government situations to public competition, have had con- 
siderable influence in raising the character of the instruction given. 

Training-schools have also been established in connection with the 
National Society. Some of the Diocesan Boards of Education appro- 
priate a part of their funds to the erection of school-houses; others 
assist in increasing the salaries of teachers and improving the routine 
of schools. 

In giving a brief notice of what has been done for the improvement 
of education in England, the efforts of government claim chief atten- 
tion. Those efforts have proceeded on the principle of stimulating and 
expanding the agencies which are already in existence, rather than of 
supplying the means for establishing a general and uniform system of 
education, under the control of the state. For several years grants of 
20,000/. per annum were made by Parliament, and distributed chiefly 
through the National and the British or Lancasterian schools, in 
furtherance of education. 

These schools increased, and with them the government grants. 
Schools receiving grants are subject to the inspection of persons 
appointed by government. In 1859 there was granted by Parliament 
836,9201. for public education in Great Britain, and 249,468/. for 

dd; and in England, in 1858, at the time of inspection there were 
821,744 scholars present. In 1860 the grants were 798,167/. for Great 
Britain and 270,722/. for Ireland; and in Ireland, on Dee. 31, 1859, 
there were 519,175 children on the rolls, and an average of 269,203 in 
daily attendance, Grants are allowed by the Council of Education to 
all schools admitting of the inspection of the government inspectors. 
There are 24 training coll In almost every Poor-Law Union 
schools are established for the pauper children, at which, in July, 1859, 
there were 65,656 children receiving instruction. In Ireland, agricul- 
tural schools have been established in connection with the Poor-Law 
Union, which have proved successful in their pecuniary results and 
beneficial to the children, 
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The efforts of the legi have not been confined to grants of 
money or to the poor. Without noticing the number of schemes pro- 
posed, and the debates upon them, in which the adherents of the 
voluntary principle, and advocating a national su tendenve 
and support, have contrived to neutralise each other's efforts, we will 
shortly notice what has been done, In 1842 an act was passed 
for facilitating the acquisition of sites for school-houses, which was 
a pp apes ed in og a and poder 1843 
land and buildings oceupi: societies for literary an ic pur- 
poses were pre er from the} yment of county, borough, patch 
and other local rates ; and in 1854 further facilities for the institution 
of such societies were afforded by another act. In 1844, in a Poor-Law 
Amendment Act, the Poor-Law Commissioners were empowered to 
combine i and unions into school districts, to forin boards for 
their governance, which boards, subject to the regulations of the com- 
missioners, were to appoint, pay, and control its teachers and other 
officers for the purpose of instructing the children of the poor; but no 
child was to be compelled to attend any religious service contrary to 
the principles of, or be instructed in, any religious creed contrary to 
that professed by, the parents; and in 1848 the provisions of the act 
were amended, by extending them to parishes not in unions, and 
removing the limitation of expense, previously limited to one-fifth of 
the aggregate of the poor-law expenditure. The 18 Vict. c. 34, 1855, 
gives guardians of poor-law unions power to afford relief, so as to 
enable poor children, between the ages of four and sixteen, to be sent 
to schools, In 1847 the law regulating the attendance at school of 
children employed in print-works was amended In 1850 an act was 
passed empowering town-councils to establish public libraries and 
museums, 4 leagoning a small rate, such libraries and museums to be 
open to the public free of ex ; extended in 1855 to places not 
having councils and to parishes; and similar acts were passed for 
Scotland and Ireland in 1853, 1854, and 1855. 

In addition to this legislative action, the general public have not 
been wanting in efforts to diffuse education. In most of 0 ee 
towns schools have been formed and supported for the 
instruction of the more destitute children; and, in conjunction with 
mere school learning, it has been endeavoured to inculcate habits of 
industry, by establishing shoe-black brigades and crossing sweepers, by 
which boys during the day are enabled to earn money, a part being 
devoted to their support, and the remainder pain to their account, to 
form a fund for their future advancement, their evenings bon Sh dees 
in school. The results, on the whole, have been very sati ry. 
Schools have also been established for teaching girls common things, 
chiefly in domestic economy. The preparation of teachers has been 
also more attended to, and few of the paid instructors, either male or 
female, are now appointed to any of the schools without certificates of 
capability from recognised examiners. For this the National 
Society, the British and Foreign School Society, the Congregational 
Board of Education, and the Voluntary School Society, have established 
normal and model schools, where instruction is afforded, sepenihty 
tested, and certificates ted. Inspectors are appointed to visit 
the schools by the of Education, and also by the above-named 
societies to visit their own. 

In 1845 an act was for endowing Maynooth College for the 
better education of the Roman Catholic priesthood. In the same year 
was also passed an act “enabling her Majesty to endow new Colleges,” 
in ¢ uence of which the Queen’s Colleges of Belfast, Cork, and 
Galway haye been built and endowed. A sum of 100,000/. was 
assigned out of the Consolidated Fund for pi ing the sites, and 
erecting and furnishing the buildings of the three Colleges. Her 
Majesty and her successors were made visitors, with power to appoint, 
by sign manual, persons to execute the office. The appointment of 
the presidents, vice-presidents, and professors, was en to the 
Crown, until parliament should otherwise determine. The Commis- 
sioners of the Treasury were empowered to issue annually a sum not 
exceeding 7000/, for the payment of salaries and other expenses in 
each college ; it being moreover provided that reasonable fees should 
be exigible from the students, Lecture-rooms were directed to be 
assigned for religious instruction : and it was enacted that no student 
should be allowed to attend any of the coll unless he should reside 
with his parent or guardian, or some near relation, or with a tutor or 
master of a boarding-house licensed by the president, or in a hall 
founded and endowed for the reception of students. 

A president and vice-president for each college were soon after 
nominated, and the erection of the buildings was begun, The other 
appointments were made in August 1849, and the three colleges were 

ed in the end of October following. An additional sum of 
12,0001, had og f before been granted by Parliament for pro- 
shin 3 them with libraries, philosophical instruments, and some other 
isites, 
e iarity of and the need for such colleges arose from the 
seta ok salighonn feeling in Ireland. The greatest rtion of the 
are Roman Catholics, and there is a large number of Presby- 
terians; but in Trinity College, Dublin, there are no arrangements 
which even recognise the existence of any form of religious belief but 
that of the Established Church; not only is the student who may 
hold any other creed (in so far as such dissenting students are admitted 
at all) left without any spiritual superintendence whatever, but the 


rring degrees, and confirmed the s and 
privileges assured to it by act of Parliament, usually at ed by 
is appointed visitor ; Big bt of 
'o the professorships of Grint ae , 
ical literature, w j 


ecclesiastical history and of Greek and classi are 

both in the mage of the bishop, canonries in the are + 
annexed. The professor of mathematics and astronomy, the readers ' 
in law, Hebrew, history and polite literature, and > 1 


Coal 


year consists of terms of not less than eigh’ each, which 
are called chests, Belenany, and Easter Terms, The age of 
admission to “the acad course is from 16 to 21; and for the 


divinity course, between 21 and 26; beyond this age students must be 
ial leave. Care has been taken that the necess 
expenses 0} nt with 


comfort, and any approach to extravagance is sedulously guarded 


In 1854 an act of Parliament extended the right enjoyed by the 
graduates of Oxford and Cambridge to practise physic without farther 
examination, to the graduates in medicine of the University of 
London. In the same year by another act, a commission was 
appointed to draw up regulations for the improvement of Oxford 

niversity, and in 1857 a similar one was passed for ze, 
Under these commissions many valuable improvements haye been 
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SCHOONER. [Suare. 

SCHWEINFURTH GREEN. [Coprrenr.] 

SCIATICA is a name often soe to all rheumatic affections about 
the hip-joint and the back of the thigh, but which is more properly 


of age big seperaied pA da the rest under the name of Liberal 
arts; t say, the Trivium, containing grammar, logic, and 
rhetoric ; and the Quadrivium, containing arithmetic, geometry, astro- 
nomy, and music, If theology, law, and medicine were called sciences, 
it was not in any distinctive sense, and we are i to 

scientia must then have been rather a term subaltern to art, 
oppor to it. We find Roger Bacon (‘ Op. Maj.,’ cap. xv.) 


describe them without a single use of the word science. How the word 
grew it is not our business to inquire closely; but by the middle of 
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e 16th the word science had begun to appear as denoting 
the MOET deosdncstroted knowledge, in opposition to art, which 
signified yy rules of operation not connected with each other by 
; on common first principles. Thus Tartaglia, a writer on 
J (which was then, and most properly, called only an art ; ars 
a, or arte maggiore), styles Euclid, in the preface to his edition of 
Elements, “ the sole guide to the mathematical sciences.” By the 
middle of the 17th century, the term science was freely used in the 
sense which it has never since lost, namely, that in which it is opposed 
to literature. But the old distinction of science as opposed to art has 
still remained, though the two terms, in this sense, have been in great 
_ measure superseded by theory and practice; but improperly, for the 
distinction between science and art is one thing, and that between 
theory and practice another. [THrory.] 

_ Ascience, as distinguished from an art, is a body of truths, the 
common first principles of which are supposed to be known and sepa- 
rated, so that the individual truths, even though some or all may be 
clear in themselves, have a guarantee that they could have been dis- 
covered and known, either with certainty or with such probabiljty as 
the subject admits of, by other means their own evidence. It 
is not necessary that these truths should have been discovered by a 
scientific process; it is enough that they admit of such treatment 
subsequently. The telescope, for instance, may have been discovered 
accidentally ; but it can now be demonstrated beforehand that such an 
instrument must produce the effect which it is known to produce, and 
the rules for its construction may be deduced from the simple funda- 
mental properties of light. In the sense of the word above used, 
the number of sciences is not so great as is commonly sup- 
_ posed; for many branches of knowledge which bear the name are not 
' perfect sciences, such as medicine, zoology, and geology; in all of 
these, large classifications have been made, many iples have been 
deduced which seem to be of universal application, and much has 
been done to make these known principles point out the direction of 
_ inquiry ; but it would be idle to say that either of them is a science in 
the sense in which astronomy is a science. 

‘Science, as to literature, means any branch of knowledge in 
__which the Br, See Jee Std 30 Ee inate Sih Bahiory of 

“reasoning, with a view to discover and apply first principles. The di 

- tinctions of mental and dal tekamon th ox vision of the former 

t cal and psychologi 
are real and useful. But as it is not the object here to classi 
knowledge, but only to give a slight account of the mode of using a 
word, we may pass on to its common signification. 


By 


science, in 


art which is built upon a science, would frequently be a correct 
description) may be either a mathematician, mechanist, engineer, 
medical practitioner, astronomer, geologist, electrician, zoologist, orni- 
thologist, &c, To this sort of designation there can be no objection in 
itself, and it is convenient as distinguishing followers of science, or of 
Science, from those of literature. But it is not sufficiently precise 
distinguish the followers of different sciences from one 
When a literary man is named, his pursuit is generally 
indicated; the historian, the antiquary, the poet, the novelist, the 
0 , the scholar, and the linguist, are not confounded by means 
of a general term: insomuch that “ literary man,” by itself, generally 
implies one of information, but not of —_ depth in any one 
ular branch. But the inquirer into the sciences of electricity 
and magnetism, for example, haa no name to di ish him from the 
observer and classifier of insects; that is to say, the proper technical 
names are not familiar to the world at large. But this is the least 
inconvenience. When the word science comes to be used in its high 
and sense, indicative of truth discovered, error prevented, 
rll ead , judicious habits formed, and mental ene 
, it must be difficult for those who are used to the 
common sense of the word to imagine the truth of many things which 
are said about it. “ All we require is, that he will hold his former 


ble, and to doubt them when the weight of probability is shown to 
lie against them. If he refuse this, he is incapable of science.” Now 
though the word of a good authority, and perfectly true, is never- 
notoriously false in the common sense of the word science: 


SCIENCE AND ART, DEPARTMENT OF. This department of 
the Committee of Privy Council on Education owes ita origin to the 
ona contained in the Second Report of the Commissioners for 


the of 1851. After urging the necessity of the industrial 
elasses of this country receiving more systematic instruction in science 
and art in order to enable them to maintain their pre-eminence in the 


neutral markets of the world, the Commissioners impressed ‘on the 


government the advantages which would result from bringing the 
various institutions connected with Science and Art that were supported 
by the public funds, into glose connection with each other, instead of 
their remaining under different departments of the government. The 
government took a favourable view of the suggestion; and, as a part 
of the “comprehensive scheme for the advancement of the fine arts 
and of practical science,” announced from the throne at the opening of 
the session of 1852-53, the Lords of the Treasury, in March, 1853, gave 
their formal concurrence to the proposed arrangement of the Privy 
Council to “ unite in one department, under the Board of Trade, with 
the Departments of Practical Art and Science, the kindred and analogous 
institutions of the Government School of Mines and Science, the 
Museum of Practical Geology, the Geological Survey, the Museum 


Trish Industry, and the Royal Dublin Society, all of which are in part 


supported by parliamentary grants;” and, the Treasury minute proceeds, 
“my Lords have given directions that the estimates for all these insti- 
tutions shall be brought together under the general head of ‘ Board of 
Trade Department of Science and Art.’” The immediate purpose of 
this amalgamation, it was declared, was to bring the whole of these 
institutions under one common superintendence, to establish a Central 
Metropolitan School of Practical Science as well as of Art, and to en- 
courage and extend the formation of minor local institutions which 
should be in connection with, and assisted by, the central institutions, 
but as far as possible self-supporting and under thé management of the 
local authorities. ‘ 

As was said above, the institutions thus brought together under one 
department, were all in part supported by parliamentary grants. ~ The 
sums voted for each in the year previous to the amalgamation were : 
Government School of Mines and Science, 800/.; Museum of Practical 
Geology, 52721. ; Geological Survey, 5500/.; Museum of Irish Industry, 
3348/.; Royal Dublin Society, 6340/.; Department of Practical Art, 
including the provincial Schools of Design, 17,920/.; in all, 39,1812. : 
but the sum. actually granted was 41,586/.; additions having been 
sanctioned of 1507. to the School of Mines, and 2255/. to the Depart- 
ment of Practical Art. 

Of these institutions the character may be briefly indicated. The 
Government School of Mines and of Science applied to the Arts was 
founded in 1851, in consequence of memorials addressed to government 

the mining districts of the United Kingdom, in which it was shown 

t the schools for the instruction of persons en in mining 
pursuits by various Continental governments had much increased the 
economy, efficiency, and safety of mining operations in the countries in 
which they had been established, and that the want of similar schools 
had long been felt in the mining districts of this kingdom. The 
Government School of Mines was accordingly opened in connection 
with the Museum of Practical Geology in 1851. It is now me in 
the Metropolitan School ef Science applied to Mining and the Arts, 
which forms one of the two great branches of the department which is 
the subject of this article. The Museum of Practical Geology, which 
will be noticed more fully presently, was in 1850 removed to the 
building erected for its reception in Jermyn Street, St. James's. Ever 
since the establishment of the Museum, the Geological Survey of the 
United Kingdom has been carried on in connection with it. 


‘ 


To these - 


institutions we may add the Royal College of Chemistry, founded in . 


1845, it having been, in 1853, tfansferred to the Department of Science 
and Art. 

The Department of Practical Art was a development, or rather 
reconstitution, of the central Schools of Design, originally founded in 
1837, in accordance with the recommendations of a committee of the 
House of Commons, The Department of Practical Art was created 
but a short time before its amalgamation with the other institutions 
in the Department of Science and Art, and before it had come into full 
operation as a separate institution. 

The Royal Dublin Society for the improvement of husbandry, manu- 
factures, and other useful arts and sciences, was founded in 1731, and 
incorporated by royal charter in 1749. It possesses a valuable museum 
of natural history; an agricultural museum; an excellent library; a 
museum of sculpture, casts, &c. From its establishment, we believe, 
it has had its schools of painting, sculpture, and the fine arts, from 
which many of the best native artists have proceeded. It has also a 
good chemical laboratory ; and a convenient theatre for the delivery of 
lectures. The Botanic Gardens at Glasnevin belong to the Society, 
and the Zoological Gardens, Phoenix Park, are in connection with it. 
Though amalgamated with the Department of Science and Art, the 
Society is conducted wholly by its own council, the duties of the 
a ent being confined to supervision and suggestion, 

@ Museum of Irish Ind was established by the government 
in 1845, and placed under the direction of Sir Robert Kane, so honour- 
ably distinguished for investigations in connection with the industrial 
pursuits of Ireland. In object, the Museum of Irish Industry resembles 
pretty closely the London Museum of Practical Geology, but takes a 
somewhat wider and more diversified range. It has a staff of professors 
who lecture in the theatre of the Royal Dublin Society ; the professors, 
since the union with the Department 6f Science and Art, being common 
to the two institutions. The system of lectures, which has some pecu- 
liarities, is an extension of that previously adopted by the Royal Dublin 
Society. Short courses are given cpa the day, chiefly to the upper 
classes ; and other courses are given in the evenings, chiefly to the sons 
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place at stated periods in connection with their instruction. 
The institutions which were united to form the Department of 
Science and Art, it will have been noticed, all belonged to England and 


Ireland. But in 1854 the necessary steps were taken for the formation 
of an Industrial Museum for Scotland, similar to those of London and 
Dublin. A site was by the government near the University 
of Edinburgh for the building; and the museum belonging to the 
town i], and the valuable collection of models, minerals, &c., of 
the Highland Society were transferred to the Crown, and thus an excel- 
lent basis was obtained for the proposed museum. The museum was 
placed under the direction of Dr. George Wilson, through whose 
vealous exertions singularly rapid progress was made in forming the 
collections, which at his death, in November, 1859, already numbered 
upwards of 10,300 specimens. A Museum of Natural History, Edin- 
burgh, has also been formed in connection with the Department of 
Science and Art. A building is now in course of erection which is 
intended to contain both these museums, : 
Originally the Department of Science and Art was constituted a 
section of the of Trade, but in February, 1856, it was, by an 
order in council, transferred to the Committee of Privy Council on 
Education. Of that committee it now forms a distinct division: its 
functions having reference to the secondary instruction of all classes of 
the community in those principles of art and science which conduce to 
the industrial interests of the country, while the functions of the other 
division of the Committee of Education refer to the primary instruction 
of the young; the two divisions being kept entirely unconnected. 
The Department itself consists of two sections—a School of Science, 
with its connected museums and affiliated institutions, having its head- 
quarters at Jermyn Street; and a School of Art, with its various col- 
lecti and iated schools, having its head-quarters at South 
Kensington, where also are the offices of the Department. The sum 
voted for the Department of Science and Art in 1860 was 94,9511, 
being an increase of 11,7092. over the previous year, and more than 
double the sum voted for the several institutions prior to their con- 
idati 


mn. 

It remeins to notice shortly the present position of the two sections 
of the Department. The Metropolitan School of Science, applied to 
mining and the arts, has, in the words of the official prospectus, “ for 
jts chief object and distinctive character (to which everything else is 
eubsidiary), to give a practical direction to the course of scientific 
study.” And the course of instruction which is imparted to the 
student, while it does not profess to qualify him to undertake the 
direction of mining or other technical operations, is intended in com- 
bination with future training, to “render him in the highest degree 
competent, not only to engage in any special branch of industry, but 
to promote its further development.” The institution is under the 
general supervision of a director, Sir R. I. Murchison, the eminent 
geologist, who succeeded the late Sir H. T. de la Beche, and the instrue- 
tion is given by professors of chemistry, natural history, applied to 
geology, physical science, applied to mechanics and mechanical drawing, 
urgy, geology, and mining and mineralogy, each men of the 
highest ing in their respective departments. The mode of 
instruction is by lectures, by written and oral examinations, by practical 
teaching in the laboratories and drawing office, and by field surveying 
and geological and natural history excursions, The field of study is 
ted into—a general division, for those who desire a general 


knowledge of science; a mining and metallurgical division ; a technical | figure 


division, for those who pro to in arts or manufactures 
depending chiefly either on chemical or on mechanical principles. For 
each of these divisions the course of study extends over two years, of 
three terms in each. Students must be at least 16 years of age on 
admission. Several exhibitions have been founded, to be competed for 
by matriculated students. The lectures are open to occasional or non- 
matriculated students, on payment of a somewhat higher fee; and 
special short courses of evening lectures, at an ——— low fee, are 
given every session to working men only, and are attended always by 
as large a number (600) of diligent students of that class as the theatre 
will odate. 


accomm 5 
The Metropolitan School of Science enjoys rare advantages from the 
ready aceess which the students have to the treasures accumulated in 
the museum at Jermyn Street. These consist of the extensive and 
admirably arranged collections formed during the progress of the 
geological survey of the United Kingdom, “ illustrative of the structure 
of the British islands, and of the applications of geo! to the useful 
purposes of life,” under the able directors and le staff of the 
survey. To these have been added a numerous selection of models of 
mines, m: tools, and working models of mining machinery; of 
tools, and models, and specimens of machinery for general’ purposes ; 
of historical specimens of manufactures in glass, ware, and the 
metals; and of foreign and colonial mineral productions. Many of the 
specimens are of great rarity and beauty, but their main interest lies 
in their technical or scientific value, and the whole are carefully 
classified and conveniently arranged. The museum is open gratuitously 


‘to the public during five days of the week. In 1859 it was visited by 
25,309 persons. ‘ 

The maps and sections of the geological survey, and a large collection 

of and sections of mines, &c., belonging to the ing Record 

ce, are deposited in the building in Jermyn Street. The chemical 
laboratories are those of the Royal College of Ch in Oxford 
Street, which, as already mentioned, became in 1854 the property of 
the Government. 

In connection with the Metropolitan School of Science, special 
schools of science, or nga” = in science, have been 
established since 1853 in sev rf) e large manufacturing, : 
and psd towns. These schools, in accordance with the taighe 
laid down by the government on the formation of the Department of 
Science and Art, are in a great measure self-supporting, 


the 
ment exercising a certain amount of control, 


any : 
satisfactory examination in—1, practical and descriptive geom: with 
soecaatal! a teas 


each, while engaged in teaching. 
Navigation Schools have also been established in comnection with the 


on a seafaring life. Besides three in London, Navigation Schools haye 
been opened in nine of the principal outports, and they seem on the 
whole to have met with a fair amount of success. In 1859 there were 
2490 students in the Navigation Schools. 

The Art Schools are of older date than the Schools of Science, and, 
appealing to a wider circle, have almost necessarily made greater 
numerical progress. The Art branch of the De t has, as we 
have already said, its head-quarters at South Kensington, on the estate 
purchased by the Commissioners of the Exhibition of 1851, and isa 
development or reorganisation of the old Schools of As at 
rganised, the special objects of the Art section of 


present 0} 
ment are in the words of the official e—1,. To train male 


caerrog le wyaceits to give instru ‘eo a Art, to 

qualified, and to e them annual payments, varying according 
to their acquirements. 2. To aid and saniet ‘comsiisbes the pr 
vinces desirous of establishing Schools of Art. 3. To hold lie 
inspections and examinations, and to award medals and prizes to the 
most deserving candidates. 4. To collect together works of art, 
pictures, &c., in the central Museum, and books and vings in the 
central Library. 5. To circulate among the Schools of Art objects from 
the Museum, and books and engravings from the Library.” 

The buildings at South Kensington include the offices of the Depart- 
ment, the Training School for Masters and Mistresses, the Normal 
Central School of Art, the Art Library, and the Museum. 

“The Training School has for its special object the education of 
Art-teachers, male and female, but it also aids in supplying certificated 
Art-masters or mistresses to teach drawing to schools in connection 
with the Committee of Council on Education. The course of studies 


are Penpl hme <y pete and schoolmistresses of 
parochial and other schools to teach elementary drawing as a part of 
general education.” 


In connection with the Central School of Art there are nine M. 
litan District Schools, and one school for female students A 

vincial Schools of Art have increased greatly in} number since the 
‘ormation of the De ent. These schools are, like the Schools of 
Science, in the main self-supporting, but the assists in 
paying the certified teachers, and in various ways aids in the 
sohodl wniastale Sah voatecing assistance to the institution. 
are now in all eighty-six in number ; and at the last return they were 
the means of affording instruction in drawing and painting to above 
84,000 students—but this number includes, besides students in the 
ae in training colleges, and children in various classes of 
primary schools “under instruction in drawing,” who can hardly in 
fairness be ranked as Art-students. The Department, in fact, now, 
besides the training which it affords in its central and metropolitan 
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The Museum of the Department at South Kensington will be noticed 
under Sour Kenstycton Museum. 
SCILLA, or as Steinheil, who separates it and another species 
. Pancration) from the old genus, terms it, Squilla Maritima, also 
‘Urginea Scilla (Steinh.), or Sea-onion, is a plant common on the sandy 
shores of the Mediterranean, Portugal, the Levant, and in North 
It is imported into Britain from Malta and other parts of 
_ the Mediterranean, and also from Petersburg and Copenhagen. The 
officinal part is the bulb, of which there are two varieties: the one 
large and whitish externally; the other smaller, of a brownish-red 
The former is preferred in England, the latter in Germany. 
This appears to be the Squilla Pancration of Steinheil. The bulb part 
partakes in its outer part of the nature of a tunicated, in its inner, of 
the nature of a scaly bulb. It abounds in an acrid, mucilaginous juice, 
with an alliaceous odour, and a bitter, acrid, nauseous taste. It is 
_ imported whole, or cut in slices and dried. The bulb is not of equal 
potency in every part. The outer, dry, scarious integuments are 
devoid of activity ; the subsequent fleshy scales are the most powerful ; 
while the internal young ones are mucilaginous, nearly insipid, and 
powerless. It is clear from this that the best mode of drying squill is 
to coer papers it 
rating the intermediate large fleshy scales, to dry these quickly, and to 
leave the central ones as inefficient, The drying should be doodtiobed 
quickly, but not by too high a temperature, lest some of the active 


in a moderately heated oven, or in a room fitted with a drying 
(pease emdhemd gran Stringing them on threads and drying 
slowly, by which they become paper-like and tasteless, is bad. 
‘The common method however is to cut the bulb into transverse slices, 
which, when dried, have a horny appearance, and are semi-translucent. 
In this case the active and inactive portions are blended together. 
After whatever means are used to dry them, it is necessary that the 
squills be kept in well-stoppered bottles in a dry place, as, in common 
_ with all bulbous plants, they quickly absorb moisture from the atmos- 
_ phere. In the process of drying, four-fifths of the weight are lost. 

The chief constituents of squill are—an acrid bitter principle 
EE ee enoaaes Helen ot; Heels: arr taetente’ nf. Kane, leo 
ph of lime, tannin, and a volatile acrid principle, which in the 
process of decorticating fresh squill causes a flow of tears from the 
eyes, sneezing, &c., and severe itching, with burning pains of the hands 
and arms, yet without obvious swelling or inflammation. A scale of 
fresh squill applied to the skin neste) excites rubefaction and vesica- 
tion, like a sinapism. Squill in large dose is unquestionably poisonous, 
but in ——— it fortunately acts as its own antidote, by causing 
vomiti ut even in moderate doses it may still do much harm, by 
its stimulating effect, if prematurely employed, as it often is, as a 
popular or domestic medicine in the early of colds and coughs. 
is for the second stage alone of these that it is suited. It augments 
the secretion from most mucous surfaces, and also stimulates the 
kidneys, and sometimes the skin. For the reason above stated, it is 
unsuited to inflammatory dropsies, but it is proper for the effusions 
occurring in leucophlegmatic subjects, depen on debility, and for 
anasarca rather than local effusions. Its diuretic properties 

are eagle the previous moderate use of mild saavental, and b: 

tniting it other diuretics, either vegetable or saline, and sti 
more by adding bisulphate of quinia or other tonics. Its expectorant 
properties are greatly heightened by the addition of tonics, such as 
exist in the Mistura Cascarilla Composi Squill is a very improper 
emetic for young children, as it seriously irritates the coat of the 


SCILLITIN, the bitter principle of squills (Scilla maritima). This 
is obtained by first inspissating the juice of the root, then treating it 
with alcohol, and after having evaporated the solution, dissolving the 
residue in water ; to the solution acetate of lead is to be added, which 

ives a precipitate that is to be separated; afterwards sulphuretted 
is to be passed into the solution, and it is finally to be evapo- 

rated. By this process scillitin is obtained, which has the following 
properties: it is colourless, friable, of a bitter taste at first, and after- 
wards nauseous and ish, and attracts moisture from the air. 
It is soluble in alcohol and in ether; its solution is not precipitated 
by acetate of lead. It is emetic and purgative, and may even occasion 


SCIOPTIC BALL is a globe of wood about 5 inches diameter, with 
a cylindrical perforation 24 inches diameter passing centrally through 
it, and having at one extremity of the perforation a glass lens, e 

or ball is, by means of screws, fixed in a socket, which is made 

a board about 8 or 10 inches square, in such a manner that while it 
cannot fall out, it is capable of being turned on its centre, to a small 
extent, in any direction. 

The board being screwed to a window-shutter, or to the vertical face 
of es which an aperture has been made for the reception of 
bey sc rays of light from external objects, after being refracted 
in lens, form pleasing images of those objects on the opposite wall 


of the aj t, or on a white screen p! in a vertical position to 
receive light; the apartment being darkened in order that the 
images may be distinct. The images on a vertical screen being in- 


verted, two arms generally project from the board, within the room, 
and carry a plane mirror which turns on an axis so as to allow the 
ARTS AND SCI, DIV. VOL. VIT. 


by removing the outer segments, and carefully sepa~ 


rays of light, after passing through the lens, to fall on a screen placed 
in a horizontal position: by this means the spectators are enabled to 
see the images in erect positions. [Cammra Lvoma anp CAMERA 
Oxsscura.] 

When the construction of the building is such as to allow the ball 
and lens to be fixed at an aperture in the roof, a plane mirror being 
placed above it at an angle of 45 degrees with the horizon, so as to 
reflect the rays from external objects down on the lens, the images 
formed on a screen within the darkened apartment are more distinctly 
formed and more conveniently seen. An apparatus of this nature was 
formerly applied to the roof of a building connected with the astro- 
nomical observatories at Greenwich, Edinburgh, and Glasgow, for the 
amusement of visitors. 

SCIRE FACIAS, is a writ used to enforce the execution of, or 
vacate, some already existing record. It directs the sheriff to give 
notice (“ Scire facias,” whence the name) to the party against whom it 
is obtained to appear and show cause why the purpose of it shall not be 
effected. A summons to this effect should be served on the party, 
whose duty then is to enter an appearance, after which a declaration 
is delivered to him, to which he may plead, or demur, the subsequent 
proceedings being analogous to those in an ordinary action. Scire 
facias may be resorted to,— 

1. Where, the parties remaining the same, it is necessary to revive 
or set in operation the record. 

2. Where another party seeks to take the benefit of it, or becomes 
chargeable, or is injured, by it. 

Formerly, when a year and a day had elapsed since judgment was 
signed, the law presumed that the judgment had been satisfied; and 
execution could not issue against the defendant until he had an oppor- 
tunity, by means of the notice given him under a scire facias, of 
a ing and showing any cause which might exist why execution 

ould not issue against him. But a simpler, less expensive, and less 
dilatory method of proceeding was provided by the Common Law Pro- 
cedure Acts, 1852 and 1853, the former statute having at the same 
time extended the period during which execution may issue, from a 
year and a day to six years. In case of a change by death, marriage, 
bankruptcy, or otherwise, in one of the parties to an action, the repre- 
sentative of that party may now enter a suggestion of the fact, and 
put himself in his place. The opposite party is also enabled to call 
upon the representative to do so, and if he fails to stop the proceedings. 
The proceeding by suggestion on the roll is adapted to the most simple 
cases of change in the parties to a suit. If it be not adopted, a writ of 
Revivor, as it is now called, may be issued, the object of which is the 
same as that of a scire facias. It is, however, directed to the party and 
not to the sheriff, as was the writ of sci. fa., and it may be served any- 
where by the party, and not as formerly by the sheriff of the county 
where the renue in the original action was laid. The subsequent pro- 
ceedings in Revivor resemble those of an ordinary action. 

The writ of scire facias is not itself abolished. In some cases it is 
still the only method of proceeding; for instance, to enforce a judg- 
ment against the terre t ts of a d d judgment debtor. So 
when a plaintiff, having had execution by elegit, under which he 
obtains possession of a moiety of the rents and profits of the defendant's 
land, has had the debt satisfied by payment or from the profits of the 
land, scire facias may be brought to recover the land. 

A scire facias, again, is the only proceeding for the purpose of re- 
pealing letters patent by which the crown has made a grant injurious 
to some party, as where he has granted the same thing which he had 
already granted to another person ; or a new market or fair is granted 
to the prejudice of an ancient one, &c. The sovereign may also have 
a scire facias to repeal his own grant, and any subject who is injured 
by it may petition the crown to use the royal name for its repeal. 
A man may have a scire facias to recover the money from a sheriff 
who has levied under a fieri facias and retains the proceeds, 

SCIRRHUS. [Cancer.] 

SCLEROTICUM. [Ercor.] 

SCO’LIA (from cxoAidés, crooked) were short drinking-songs, which 
were invented and cultivated by the ancient Greeks. The origin of 
the name “ crooked songs” has been explained by the ancients them- 
selves in a variety of ways, of which we shall mention only two. Some 
supposed that these songs were called scolia because they were not 
sung by the guests in succession, and in the order in which they lay 
on their couches, but irregularly, and without any definite order ; 
others thought that the name referred to peculiarities in their metrical 
forms, or, which is the most probable of all, to certain liberties which 
the singer might take in delivering his song. The first of these two 
opinions, though not a probable account of the origin of the name 
scolion, yet contains the true account of the manner in which scolia 
were sung. Artemon (‘Ap. Athen.,” xy.) and Plutarch (‘ Sympos.’) 
distinguish three kinds of Scolia, namely, those which were sung in a 
chorus by a whole company, those which were sung by all the guests in 
succeasion, and those which were only sung by well skilled persons, 
who, when they ceased, called upon another member of the company 
to goon. But the name scolion seems, in the first two of these cases, 
to be applied improperly, as they must rather be considered as a kind 
of prelude to the real scolia, which is in fact implied in the description 

iven by Plutarch, These drinking songs were generally accompanied 
y the lyre, which was handed by the last singer to his successor : in 
AA 
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SCOTLAND, CHURCH OF, 


some cases, however, when were 
laurel or myrtle branch was to them. 
by the Greeks of the -Bolian race, 


Lesbos ; but the custom was thence transferred into Attica, where it 


The metres in which scolia were written are of a lively and animated 
character, and, on the whole, resemble those used by the lyric poets of 
the Aolian school. is said to have been the first who wrote 
soolia, and he was followed ty Alewus, Sappho, Anacreon, Praxilla, 
Simonides, Pindar, and many others. A collection of Greek scolia still 
extant has been made by C. D. Igen, in his ‘ XxoAid: id est Carmina 
convivialia Grecorum, metris suis restituta et animadversionibus 


(Compare Miller, Hist. of Greek Lit, &e.; Bode, Geschichte der 
fcllenischen Diehtkunst, vol. ii., part. 2.) 
SCOPARIN. (C,,H,,0,,!). This substance appears to be the 
diuretic ciple of the Spartium scoparium. The concentrated in- 
fusion of this plant solidifies on cooling to a brownish. jelly, 
which consists of scoparin, chlorophylle, and he chloro- 
lle is separated by water which dissolves the other two substances. 
uring the spontaneous evaporation of this aqueous solution the 
sooparin separates in the form of small yellow crystals, which are 
ightly soluble in cold water, but very soluble in boiling water or 
ing alcohol. in is inodorous and insipid, and without action 
upon test pa: itric acid transforms it into picric acid. 
SCOPA‘RIUS, CY’TISUS SCOPA‘RIUS, or BROOM, a shrub ex- 


tremely common on uncultivated ground, heaths, &c., of most parts of 
Britain. The ig tops or twigs when bruised, have an unpleasant 
odour, and a di ble nauseous taste. The seeds are emetic, and 


bly contain cytisine, an alkaloid found in the seeds of the 

rt og which possesses emetic, and, in large doses, oh toro 
properties. But Dr. Stenhouse thinks the broom has a volatile nar- 
cotic principle, to which he gives the name of Spartiine. It also has an 
inert principle which he calls Scoparine. An infusion made with cold 
water is eq efficacious as the decoction, and much more palatable. 

Broom tops in water form a decoction which acts both on the 
bowels and kidneys. It is rp aep img 4 a valuable diuretic, and 
many obstinate cases of dropsies have yielded to the use of this indi- 
genous remedy which had resisted other means. Its diuretic properties 
may be increased by the addition of juniper berries and dandelion, to 
form the decoction, as now directed in the Pharmacopmia, and by 

ing to each dose, acetate, tartrate, or bitartrate of potash. 

SCURDEIN, An aromatic non-azotised yellow substance found in 
the Sencrium Scordium. 

SCORE, in music, is a collection of all the vocal and instrumental 


oo of a composition, arranged on staves, one above the other, and | 
f 


‘or bar, presenting at once, to the eye of a skilful musician, the 
effect of the whole band as the composition proceeds. 

SCORPIUS, or SCORPIO (the Scorpion), a constellation of the 
zodiac, lying between Libra and Sagittarius, and bounded north and 
south by Ophiuchus and Lupus. It contains one star of the first mag- 
nitude, which with Spica Virginis, and Arcturus, forms a conspicuous 
triangle. As noticed in Lrsra, this constellation was formerly two 
_ of the Greek zodiac, the claws ses bed the place of Libra. 
ipraeeuia oureneieion, corti eo of the Scorpion were drawn back 


Roman astronomers, and the constellation Libra added in honour of | Li 


Julius Cesar, at whose death a new star was said to have appeared in 
that part of the heavens. This is alluded to, not very distinctly, by 
Virgil; Hyginus is totally silent about it, merely saying that his coun- 
trymen call one part of this constellation Libra. ilius uses both 
Libra and Chela. Ptolemy does not mention Libra in his catalogue, 
though he does elsewhere. Dupuis contends, from its presence in the 
most ancient Indian and Persian zodiacs, that it is in reality as ancient 
as the rest: aud indeed it is not unlikely that the Greeks may have 
derived their zodiac from some nation in which the term for scales 
was confounded with that for claws, either by a synonyime in the 


lan; itself, or by mistranslation on their part, 
¢ following are the principal stars :— 
No. in Catalogue No. in Catalogue 
of Flamsteed, of British 
Character, (Piazzi.) Association, Magnitude, 
p 5 5272 4 
® 6 5289 3 
) 7 5308 8 
B 8 5829 2 
v 4 5382 4 
a 21 5498 1 
. 26 5632 3 
ry 34 5901 4d 
A 35 5915 3 
« (174) 5970 3 
Mm (189) 5688 3 
we (193) 5640 4 
W (302) 5778 4 


SCOT, from sceat, an Anglo-Saxon word originall me 
part” or “ portion.” it also, at rae es By i 


soul-scot, or soul-shot, was the 
due payable at the open grave for the 

Previous to the Reform Act, 
stituted af oR as a voter for a member of parliament 


borough. ho possessed such qualification the 
paming the Act had, under certain cond vi 


“The qualification consists in the payment of 
allotted to each person as the pro to be 
The criterion adopted for the purpose of ascertaining the scot 
voters of Seat, is the poor-rate of the respective 

in 

(Rogers On Elections.) 

SCOTLAND, CHURCH OF. The constitution of thi 
considered under the heads of GunrraL ASSEMBLY ; 
and Sxssron, Kirk. An important portion of its recent 
narrated under the head Frees Cuurcn. It remains 
logically to mention the chief events in the of the ch 

main of the Reformation in Scotland date at the 
of the 16th century. On August Ist, 1560, a convention 


abolished the Romish hierarchy, and on 20th December of the & 
— ld in Edin! The 
rai out 
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year, the first general assem! he 
tenary of this event was ce’ ited h and 
Pres in on December 20, 1860. In 1561 the ¢ 
Book of Discipline,’ still an important part of the ecclesiastical code of 
the established church and the various TE {aa ec 
terians of Scotland are now divided, was compiled, The : 
inciples of the reformed church were passed into an act of parliament 
in 1567 (Act 1567, c. 3), with the title, ‘The Confession of the Faith 
and Doctrine believed and by the Protestants of Scotland, 
exhibited to the Estates of the same Parliament, and be their publick 
Votis authorised, as a Doctrine on the infallible Word of 
to doctrine than 
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God.’ This constitution however more r 
to church polity. It condemned some of the more nt features 
of the system of the abjured hierarchy, but not contain an 


announcement of the new system of church government. The he 
constitution of the church as approved of by Knox and his ee 
admitted of a difference of grades, certain clergymen bei 

‘ Superintendents’ of Provinces, which actually or nearly 


‘iv 
with the bounds of the old bishoprics, The Presbyterian poly was 
at length established by the act of 1592 (c. 114), called ‘Ratification of 
the Libertie of the trew Kirk : of Generall and Synodall Assemblies : 
of Presbytéries: of Discipline.’ In the mean time, those who had | 
been the zealous clerical supporters of the reformation expected that 
the temporalities of the Roman Catholic church, or at least a con- 
purposes 


siderable portion of them, would be applied to ecclesiastical . 


under the new They found however that the 


very nearl; 
reestablished by the parliaiment of 1612. In 1687, the 
Liturgy, concocted by Laud ard West, on principles more 
approaching to the Roman Catholic forms than those of the s 


turgy, created the convulsions which ended in the civil war 
re-establishment of Presbytery. On this occasion, great part of the 1 
assistance which the Covenanters from the landed gentry was 
eS ee lan for restoring church lands to the 
ierarchy 


and uently the Episcopal form of church government was 

restored. persecutions that arose out of the attempt to enforce | 
this system on a people who abhorred it the more, the more . 
it was enforced on them by laws, is well known in 4 . 
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tronage was abolished by an act of the Scottish It 
-established by an act of the British in 1710. This 
act created 


of satis: the 
not remain in the ch as it but would be content with a less 
comprehensive measure than the Veto Act. 
these two systems was, in the first place, 
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hether in their general tenor, or 
mstances of the charge, may give 


iding off some portion of an 
smilarl 2 


: internal features in the Pointed Gothic style, in 
whi variety of purposes, not in churches 
alone, but in halls and i : 

which was placed the rood. [Roop Lorr.] From the use 
to which it was su i 
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paper, Then joining the points a and p, o and ¥, &e., by right lines, 
and bending the paper on the surface of the cylinder, the lines ap, 
OF, E H, &c., will, by uniting at their extremities, become the con- 
tinuous feliz or spiral curve-line which the thread assumes. When 
the two parts are in action, the convex screw, being turned round in 
the other by a power applied at its surface, moves at the same time 
rectilinearly in the direction of its axis: occasionally however the 
convex screw is fixed, and then the other being turned about, it 
acquires at the same time a like rectilinear motion. In either case, 
the path described by a point on any thread during the time that the 


Fig. 1. 


>of 2 om 
wo se FA Ee 


screw turns once on its axis, on being developed, becomes equal to aD 
or cF; and in the same time a point on the axis moves through a 
space equal to B D or DF. 
wan —_ joel power, the screw wena the properties of an 
i ; for w representing a weight or pressure at one end of 
a convex screw, whose threads are thereby made to move in the 
ves of the concave screw, let that weight be supposed to act in a 
ES 
L j 8 which are at one time in the ry et p 
be J epee) of the weight which presses te the direnties aa ot an 
elementary portion mn of the side of a groove in the concave screw. 
Then Mw may be considered as a small inclined plane, making with mm 
an angle equal to aD 8: and if q be a force which applied at m in the 
direction N M, touching a circle whose plane passes through the screw 
i ly to the axis, would prevent the convex screw from 
t round ; the pressure on mn and the counteracting force will 
be in same circumstances as the weight of any body on an inclined 
and a sustaining power which acts in a direction parallel to the 
of a plane, and, by the resolution of forces, the ratio between the 
pressure and the force will be as the base of the plane is to its height; 
that is, as AB to BD. Now an equal force g will be in equilibrio with 
the pressure p on every other elementary portion of the grooves in the 
concave screw; therefore, there being as many forees=q as there are 
pressures=p, the whole weight w on the screw will be to the whole 
sustaining force, in the case of equilibrium as AB to BD; that is, 
as the circumference of the convex screw is to the distance between 
the threads when measured in a direction parallel to the axis. 
But the screw, when applied as a mechanical power, is never used in 


make | its simple state; a lever or wheel is always fixed perpendicularly to 


the axis, and the moving or sustaining power is applied near the outer 
extremity of the lever, or at the circumference of the wheel. In this 
last case, the ratio between the m: -power and the resistance is as 
the distance between the threads of the screw is to the length of that 
circumference ; and the velocity of a point on the axis is to that of a 
point on the circumference in the same ratio. The friction of a screw 
is however very great, and is frequently equal to, at least, the weight 
supported, for it will prevent that weight from descending when the 
moving-power is taken away. 

An endless screw consists of two or more spiral fillets or threads on a 
rod which is capable of being turned on its axis by a power applied to 
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the handle of a winch, or to a string passing over the circumference of 
a pulley attached to the rod. The threads work between teeth on the 
circumference of a wheel, so that while the revolution of the rod con- 
tinues, the wheel turns on its own axis. If the radius of the winch 
or of the pulley on the screw-rod be 6 inches, and the distance between 
the sheets of the screw be 1-10th inch, a power represented by unity 
at the circumference of the pulley will be in equilibrio, omitting the 
effects of friction, with a resistance expressed by 6 x 10x 2m, that is, 
by 376-99 (® being the half circumference of a circle whose radius is 
unity) applied at the threads of the screw or at the circumference of 
the w 

If the lines a F, cH, &e., were drawn on paper, and that paper were 
bent on the surface of a convex or concave cylinder, one thread 
would be formed by the union of ar, EK, &c., at their extremities, 
and another by the like union of on, o M, &e, : this is called a double- 
threaded screw, and it is evident that its mechanical power depends 
upon the ratio of a B to B ¥, while that of the singl readed screw 
depends on the ratio of as to BD; that is, with apparently an equal 
distance between the threads on both screws, the power of the latter 
is double that of the former. 

From the high ratio which the resistance bears to the moving-power 
in the screw, the use of this machine for moving or compressing bodies 
is very great ; it is alao extensively employed in the construction of 

ilosophical instruments for measuring small angles or distances. 

Micromerter.] 

The ingenious screw-machine which was invented by Mr. Hunter, 
and is described in the ‘ Phil. Trans.’ vol. 17, consists of one convex 
serew which works in the interior of another convex screw, 
The latter works in a concave screw which is fixed; and the 
former is capable of moving in a rectilinear direction only, being pre- 
vented from ing on its axis with the rotation of the exterior 
serew. Also the number of threads in an inch on the convex surface 
of this last is less by one than the number in an inch on the convex 
surface of the other: suppose the first number to be 10 and the 
other to be 11; then one revolution of the exterior screw would 
cause the whole machine to move forward through a space equal to 

inch, but in the same time the interior screw is carried backward 

ugh yy pris Sapaker yh the forward cop this last = equal 
to 4—y Or pai : to uce an equal e! in a simple screw, 
See tatke child have 110 thaeade in on tab. 

Mr. Barlow of Woolwich mentions a compound machine of this 
kind in which the exterior screw had 100 threads in an inch, and the 
interior screw 101 threads ; ‘therefore one turn of the machine caused 
the latter to move through the very minute extent of i515 inch, and 
this space was further subdivided into hundredths by means of a 
micrometer head applied to the exterior screw. 

The endless screw is a component part of graduating machines, 
counting machines, &.; it is also employed in conjunction with a 
wheel and axle to raise heavy weights. 

Screw, or Spiral, of Archimedes. The inventor of the machine so 
called is quite unknown, but both Diodorus Siculus and Athenus 
ascribe the origin of it to the philosopher of Syr The former 
relates (‘ Bibl. Hist.’, lib. i, c. 34) that irrigation was facilitated in 
Eevet y a certain machine invented by Archimedes of Syracuse, and 

ochlias (xoxAlas) from its form; and the latter . states 
(‘ Deipnosophiste,’ lib. v., p. 206, Casaub.) that Archimedes invented it 
for the purpose of removing the water from the hold of the great ship 
which was built by King Hiero of Syracuse. Vitruvius (‘De Archi- 


tectura,’ lib. x., c. 11) describes the machine under the name of | lifting 


cochlea. He says that it consisted of four or eight laths bent spirally, 
and fixed at one edge against the axle, so as to form as many windi 
channels about it; and that the whole was covered by a cylindri 
case, formed of planks, nailed over the exterior wis of the laths. 
The lower extremity was immersed in the water, which, rising along 
the channels by the 1. volution of the machine on its axis, was dis- 
charged at the upper extremity. Vitruvius adds that it was turned 
by men walking on its outer circumference, probably on the conical 
surface of a bevelled wheel fixed to the axle. 

By the account which Vitruvius has given of its disposition, the 
spiral laths were placed nearly at an angle of 45° with the axle, and 


the latter was inclined to the horizon in an angle of 36° 52, ‘he 


the ascent of the water, and the limits of the inclination of 
to the horizon, will be seen from the follo 


cause of 
the axle 
refer to the modern form of Archimedes’s spiral as it is also called. It 


metal coiled about an axis, like the threads of a screw, enclosed 
within a hollow cylinder so as to be completely water-tight. The 
machine is fixed in an inclined position, with its lower extremity 


water occupies the lower part between two of the threads or 
the spiral, at bottom; but, when turned on its axis, this 
machine being made to ascend, the water will by its gravity be 
to descend into the lower part between the next bends of the 
while in reality it rises, with respect to i 


of the machine, from whence it is discharged into a reservoir 
receive it, 

It is shown, by writers on hydraulics, that this machine vannot 
raise water when the angle which a line drawn centrally on the 
bends makes with planes parallel to the base of the cylinder is 
than the angle which the latter makes with the horizon; it is 
recommended that, in practice, the angle which the axis of the ( 
makes with the horizon should be between 40 and 60 degrees. a 
machine is particularly useful when the water is mixed with gravel, 
weeds, and the like, which would spoil the action of a common pump. 
For computations concerning the force requisite to turn the machine, 
and the quantity of water which it will raise in a given time, see 
Gregory's ‘ Mechanics,’ vol. ii. 

A machine consisting of a pipe wound spirally about the surface of 
a cylinder, or cone, which is made to revolve about its axis when the 
latter is in a horizontal position, is called a spiral-pump. At one 
extremity of the rar water and air in nearly equal quantities being 
allowed to enter, the former will, in consequence of the revolution, be 
icin ie an ascending pipe which may be attached at the other 
extremity, 

The Archimedian screw has been occasionally employed in modern 
times to raise water from docks, basins, &c.; and it might be used to 


usual screw, but it cannot be elevated ata greater ang’ 
horizon than 30°, and its action is more easily impeded by the sand or 
gravel which is uently mixed with the water. 

For the application of the screw to navigation, we must refer to 
SSCREWJACK, raising great 

, a portable machine for raisi weights by the 

agency of a screw. Portable jacks, which are sometimes i a 
rack and pinion instead of a'screw, are used for raising hea 
the head of the jack being placed under the iage, an 
turning the screw with a lever. The “ Universal 


apparatus turned by a winch-handle attached to the mandril; 
sometimes by means of a steel tap-plate. In another plan the 


the pecsepbast mpeg by an apparatus which gives it 
ion. 


of screw. The best screws are made to taper 
ownwards, 

Several attempts have been made to 
the ordinary method, the chief obstacle in the way of 
Nee Malta ne eae Seameerene ie pattern, Sons Bie 
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used together) out of the mould, so as to leave the impression of the 
rece ola , 


Serew-bolts and other screws for working in metal are manufactured 
in a similar manner to those for working in wood, when the number 
terre oo en wre exposing ot aljontite the machinery. 
se this is not the case, they are, if small, often cut by hand, without 

the aid of a lathe. The die, or instrument for cutting an external screw, 


cutting the worm. The die, which is formed of 
steel, and well tempered, is inserted in the die-stock, with its two 
halves a little distance apart, but capable of being brought together by 
regulating screws fixed in the die-stock. The bolt to be made into a 
re rns wnne Mee eee placed tui ie dine 
operator then proceeds to turn die-stock, so as to worm the die on 
to the bolt; not by a continuous motion in one direction, but by a 
series of turns backwards and forwards. When the die has proceeded 
as far as the worm is required to extend, it is taken off, screwed up a 
little closer, and again applied in the same manner; the process is 
repeated, closing the die a little after each operation, until the worm is 
required depth. In working a similar pi omrwee by 
, the dies are sometimes made in four , the die-frame is 

urns ee Aare bolt or serew-pin itself revolves. 
eee sac eag pero cee 
described. In cutting ly 
_ thread, a steel cutter is sometimes used with the die, whether tufned 


i but having several holes varying slightly in size; the 
worm being formed progressively, by using at each operation a smaller 


hole than at the preceding one. 
Hollow or interior screws are ly cut by means of a steel tap, 
which is simply a screw of which great part o worm is removed 


handle, by which it can be 
taps 


turned with i purchase, for cutting screws in 
wood are commonly fluted on the sides, to make them cut the more 
readily, and to afford more room for the escape of the cuttings. The 
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more usual forms. large taps of this kind a steel cutter may 
inserted, as shown in the section d, at the commencement of the 
e tap; the cutter being made to project a little, 
follows it without difficulty. pe meena tare 
uare-threaded screw consists of a w screw of f 
illed obliquely from the front end of the thread to the 

of babe na The edges of this oblique hole, being 
wee agra ating ugh the wood when the tap is turned 
: while the hole itself forms a channel by which cuttings 
into the cavity in the centre. For cutting in screws in 
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ical, the steel plate tape 
in order 


that, by the first teeth projecting but little, the 


a 

machine is used in the Woolwich dock-yard for cutting a 
of different screws from one 

screws for mathematical or astronomical instruments, 
where the greatest accuracy is essentially necessary, it is especially 


In this case the | 
tion resembles 
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desirable to avoid the risk of error arising from irregularities in the 
pattern screw, or in any part of the machinery used. The late Mr. 
Holtzapffel was highly skilled in this art; but Mr. Whitworth has 
recently carried it to a degree of refinement never before attained. 

SCREW-PILE. [Pie Enern.] 

SCREW-PRESS. This machine offers great facilities for the appli- 
cation of power; as the force applied may be almost infinitely multi- 
plied by increasing the length of the lever by which it is turned, and 
diminishing the distance between the threads. “It is algo very convenient 
in cases where a continued pressure is required; because, in ordinary 
cases, the friction of the screw is too great to allow it to run back om 
the removal of the power by which it is turned. In the common 
screw-press the articles to be pressed are laid upon a stationary bed, 
forming the base of a strong frame, in the upper cross-bar or head of 
which a nut is firmly secured. The screw works up and down in this 
nut, and to its lower end is attached the follower, or moving piece which 
presses on the substance operated upon. The connection between the 
screw and this piece is such that the follower rises and falls, but does 
not turn round with the point of the screw; and the steady motion of 
the follower is provided for by making it fit closely to the side-pieces 
or cheeks of the press, which therefore act as guides, At the lower 
end of the screw there is usually a massive globular head, pierced with 
two holes at right-angles with each other, which receive the end of a 
long iron lever, by which the screw is turned. The best screw-presses 
are made of iron. 

The great space required for turning a long lever is a serious incon- 
venience in some cases, and has led to the contrivance of several 
methods for turning the screw with great power by a more compact 
apparatus. In a press invented and patented by Mr. Dunn, the screw 
is turned by means of a short bent lever acting upon a ratchet-wheel 
fixed on the lower part of the screw. In another ingenious modification 
of the common screw-press, invented by Mr. Pouchée, a large cogged- 
wheel is fixed horizontally on the screw, just below the common head 
for receiving the end of the lever. A small pinion, having a square 
axis to receive a lever handle, is fixed on the platten or follower of the 
press, and works into the large cogged-wheel. This press is worked in 
the ordinary way until the screw is turned as far as the lever will con- 
veniently move it. The bar is then removed, and the handle of the 
pinion put on, and by turning it the screw may be further depressed. 
In one form of screw-press for hot-pressing, the plates do not, as in 
those of the usual construction, need to be removed for heating; 
they being kept at the necessary temperature by hot air introduced 
into four hollow columns, which serve the purpose of cheeks to the 


While the diminution of the size of the thread affords the means of 
increasing the power of a screw-press, it is attended by the serious 
disadvantage of diminishing its strength. ‘Uhis difficulty may be 
avoided by the use of a double or differential screw. The press may- 
be made of the usual form, excepting that the lower end of the screw 
is cut with a finer thread than the upper part. This smaller screw is: 
received into a nut resting on the follower, and capable of turning on 
it. The head for receiving the lever by which the screw is turned is 
in this case placed above the head or top beam of the press. When ir 
use the nut is keyed fast to the screw, so that it turns with it; and 
the action is exactly the same as that of the common press. Wher 
the screw has been turned as far as it will go in this way, the key that 
connected the nut with the screw is removed, and the nut is keyed 
fast to the The screw being again turned, the lower thread 
enters the nut, so that the presser is depressed only through a space 
equal to the difference between the width of the upper and lower 
threads of the screw. By making the two parts of the screw very 
nearly alike in fineness, the distance traversed by the platten may be 
diminished, and the pressure increased almost to infinity. 

Screw-presses are occasionally made with more than one screw. In 
one arrangement of this kind the screws are stationary ; and the nuts, 
which are fitted into the follower, are turned by means of cogged 
wheels driven by an endless screw laid horizontally on one side of the 
follower, and terminating at each endinawinch-handle. Mr. Brindley’s 
press has several screws instead of one, each having a cogged wheel 
working into another fixed on a plain central shaft, which is moved by 
a winch and bevil ‘ 

SCREW PROPELLER. [PRore.ier. ] 

SCRIBES. In the article Moszs, in Broa. Drv., this word has 
been used as a translation of the Hebrew word Dow, which in 
the authorised version is translated “ officers.” The word which is 
translated “scribe” in the English Bible is 9D, or in the Chaldee 
“DD, meaning “a writer.” It was applied to an officer of the king, or, 
as we should say, a “ of state” (2 Sam. viii. 17; xx. 25; 
2 Kings xxii. 3); also to a “secretary-at-war,” who had the enrolment 
of the soldiers under his care. (Jerem. lii. 25.) It was also used to 
signify men learned in the Jewish Scriptures. (Ezra vii. 6,11.) The 
last was the meaning which the word came to have in the later ages of 
the Jewish state, or rather,as the Jews regarded all learning as con- 
tained in a knowledge of their sacred books, the word scribe was used 
to designate all men of ing. In this sense we find it in the 
A and the New Testament, as the translation of the words 
ypaupareds, vouinds, vouodiddoxados, for the lawyers (as our version 


SCRIPTURE, 


SCROFULA. 


generally translates the last two words) were evidently the same 
persons as the Scribes, Their office was to administer the sacrifices 
and to explain the law. They had ‘seats in the Sanhedrim, and were 
generally Levites. They, at least occasionally, wore long clothing 
(Mark xii. 38), which was effected by enlarging the border of their 

t with a fringe. Inthe time of Christ they appear to have 
been for the most Pharisees, but they did not form a sect. 

(Winer's Bibli Realwirterbuch, art, ‘ Schriftgelehrte.’) 3 

SCRIPTURE (ypagh, scriptura). This word means mpeg a writing, 
but it has long been used to designate the sacred books of the Old and 
New Testament. It is thus ly used in the New Testament in 
reference to the Old Testament, and in one passage Peter applies it 
to the Epistles of Paul, and very probably he meant to include under 
the word some of the other books of the New Testament which were 
then written. (2 Peter iii. 16.) The different forms in which this 
word ocours in the New Testament are “ the Scripture,” “ the Scrip- 
tures,” “the Holy Scriptures,” “inspired Scripture.” (2 Tim. iii. 16 ; 
compare Smith's ‘ Script. Test. to the Messiah,’ chap. ii., mote a.) The 
term a Scripture is also used for a passage in the Scriptures. (Aro- 
crayrna; Brie; Canon; and the titles of the different books of the 
Bible.) 

SCROFULA, or SCROPHULA, the technical name for the disease 
that is popularly called “ the King’s Evil:” the origin of the latter 
term will be explained presently ; t of the former is very obscure 
and uncertain. We find the word scrofula, or rather scrofule in the 
plural, employed for the first time to signify the present disease, or 
one supposed analogous to it in cattle, by Vegetius (‘De Re Veterin.’, 
lib. iii., cap, 23, ed. Schneider), It is generally admitted to be derived’ 
from the Latin scrofa, or seropha, “ a sow,” although the reason of the 
derivation is by no means clear, The same analogy, whatever it may 
have been, influenced also the Greek and Arabic writers in naming the 
disease, as the former call it xoipas, or xoipd5es ; and the latter khandzir 
(Avicenna, tom. i., p. 154; 1. 36, p.194; 1. 30, vol. ii., p. 78,1. 12, ed. Rom., 
1593, fol. ; Albucasis, ‘ De Chirurg.,’ lib. i., cap. 22, p. 50, ed. Oxon., 1778, 
4to.), both of which words are intimately connected with swine. The 
classical Latin term for the disease is ‘ struma’ (Celsus, ‘De Medic.,’ 
lib. v., cap. 28, §7; Pliny, ‘ Hist. Nat.’, lib. viii., cap. 77), or ‘struma’ 
in the plural (Celsus, lib. i, cap. 9; Pliny, lib. xxii., cap. 16), which is 
also a word of which no satisfactory derivation has been given, as 
probably few persons will agree with Dr. Good in deriving it from 
otpaua, ‘ congestion,’ or ‘ coacervyation,’ as of straw in a litter, feathers 
in a bed, or tumours in the body.” 

The vulgar English name reted to it, namely, “the King’s Evil,” 
commemorates the virtues of the royal touch, to which, from the time 
of Edward the Confessor till the reign of Queen Anne, multitudes of 
persons afflicted with scrofula were subjected. A similar custom pre- 
yailed in France; and miraculous powers for the cure of scrofula were 
likewise claimed for different Romish saints, for the heads of certain 
noble families, for the seventh son, and for many consecrated spri 
The royal touch requires some further notice. That the kings of 
England for several centuries actually exercised their touch for the 
cure of scrofulous complaints is proved by abundant historical 
authority; and scarcely any of our old historians, who wrote during 
a period of at least five hundred years, have omitted taking notice 
of this and unaccountable fact. We have not room here 
to give the evidence fully, and must refer those who wish to inquire 
more deeply into the subject to ‘A Free and Impartial Inquiry into 
the pees and Efficacy of Touching for the King’s Evil, 1722, by 
William i 


ett, an eminent surgeon; ‘ Charisma, sive Donum Sana- 

tionis: seu Explicatio totius Questionis de Mirabilium Sanitatum, 
Gratii, in qua precipue agitur de solenni et sacri cui Reges Anglix, 
rit® inaugurati, divinitus medicati sunt,’ &c. &., 1597, by William 
Tooker, afterwards dean of Lichfield; ‘Charisma Basilicon, or the 
Royal Gift of Healing Strumms, &c.’ 8vo., Lond., 1684, by J. Browne ; 
‘ Several Chirurgical Treatises,’ Lond., 1676, fol., and’1719, 8vo., 2-vols., 
by Richard Wiseman a a surgeon in the army of Charles I., and 
serjeant-surgeon to Charles IL., whom Haller (‘ Biblioth. Medic, Pract.,’ 
tom. iv., p. 399) calls ‘‘ insignis certe et peritissimus chirurgus.” The 
question is examined at some length by Bishop Douglas, in his ‘ Crite- 
rion; or Miracles Examined,’ &c. &c., p. 191, ed. 1754, who, while he 
denies the alleged miraculous powers, fully admits the reality of the 
cures. See also Colquhoun’s ‘Isis Revelata; an Inquiry into the 
Origin, Progress, and Present State of Animal Magnetism,’ Edin., 1836, 
2 vols. 8vo,, who also prcpah i., p. 87)“ the sanative efficacy of 
the process,” but connects it with the phenomena of animal magnetism. 
Among the most curious parts of the subject, it may be mentioned 
. that the old Jacobites considered that this power did not descend to 
Mary, William, or Anne, as they did not a full hereditary title, 
or, in other words, did not reign by divine right. The —_ of the 
house of Brunswick have, we believe, never put this power to f ; 
and the office for the ceremony, which appears in our Li i, a 
1719, has been silently omitted. The exiled princes of house of 
Stuart were sup to have inherited this virtue. Carte, in the well- 
known note to the first volume of his ‘ History of England,’ mentions 
the case of one Christopher Lovel, who, in 1716, went to Avignon, 
where the court was then held, and received a temporary cure ; and 
when Prince Charles Edward was at Holyrood House, in October, 1745, 
he, although only claiming to be prince of Wales and regent, touched a 


female child for the king’s evil, who in twenty-one days is said to have 
been perfectly cured. ; P 
The history of this delusion carries with it a great lesson. It is very 
peme. cot ee path th penn _ ple err 
whi ns who submitted to the touch were a 
the favourable results which have been recorded, It has see the 
same with popular systems of medical treatment up to the present 
day. The beneficial action of some agent is assumed, quite independent 
of any inquiry into the inch of ih De any curative power at all, 
and the other circumstances by which the cured person is surro' 
which have really effected hig cure, are entirely overlooked. al 
Maia is detined by De. Gone apes ot Med.’) to hyper n 
tumours, frequently in the neck, suppurating : 
fosperkaeils, and healing with difficulty ; upper lip thickened; skin 
smooth; countenance usually florid;” which agrees almost exactly 
with the definition given by len in his ‘ Nosology.’ 
Later writers have, however, given a morg extended view to the 
term scrofula, or scrofulous, and made it to include that general atate 
of the system of which the indolent glandular tumour is but one 
symptom, The swellings and ulcerations which are so common in 
scr! are found tobe connected with alterations in the nutrition of 
the tissue of a similar kind to those which take place when tubercle of 
the lungs is present. [PutTuisis.] Hence some writers have described — 
a state of the whole system which they have called tuberculosis, in’ 
which either scrofula or pulmonary consumption occurs. It seems 
now agreed by the best pathologists that the same general state of the _ 
system which produces tubercle in the produces the various 
forms of of the definition of 


logy,’ makes the following remarks ;—“ ‘ Scrofula,’ or ‘ ’ then, 
in 


natural structure, sometimes to chronic inflammation, sometimes to 
more acute inflammation or abscess, sometimes to tuberculous disease 
of the glands. But, besides these, it is usual to reckon as ‘ scrofulous’ 
affections certain chronic inflammations of the ioe 3 slowly pro- 
gressive ‘carious’ ulcerations of bones; chronic and frequent ulcers of 


the cornea, ophthalmia attended with extreme intolerance of light, bub. 


with little, if any, of the ordinary consequences of inflammation; 
frequent chronic abscesses; pustule, cutaneous eruptions frequently 
appearing upon slight affection of the health or local irritation; habitual 
swelling and catarrh of the mucous membrane of the nose; habitual 
swelling of the upper lip. 

“ Now these and many more diseases of the like kinds are am 
us, both in medical and in general language, called lous or 
strumous; but though many of them are often coincident, yet it is 
very difficult to say what all have in common, so as to justify their 
common appellation, Certainly they are not all tuberculous diseases, 
Little more can be said of them than that, as contrasted with other 
Causliy. Sisdnguisbed. iy sloess and esoacitg Ob tocacoeaeeaiee 
usually distingui y mildness tenacity of symptoms ; 
arise from apparently trivial local causes, and pi Gi in proportion to 
their duration, slight effects; they are frequent, but not active. The 
general state on which they depend may be produced by defective 
food, with ill ventilation, dampness, darkness, and other in 
avtfodally uoneestel, fa taisiy expeomed Upanob toes het al aa 
artificially generated, is fairly ex: by such terms as ‘ deli of 
prisserras dhe “general debility,’ ‘defective vital power,’ ‘irritability 
without strength.’ Such terms, however, do not explain the state 
that they express; for they all assume that there are in human bodies 
different of vital power, independent of differences of material, 
which is at not proved. 

“ Such is the vagueness of ‘scrofula’ and of the terms derived from 
it as commonly used in this country, They include some diseases 
which are, and many which are not, distinguished by the production 
of tuberculous matter, It has been proposed, but I doubt whether 
it be practicable to make ‘scrofulous’ and ‘tuberculous’ commensu- 
rate terms; as at present generally employed the former has a much 
larger import than the latter. The relation between the two is, that 
the scrofulous constitution implies a peculiar liability to the tuber-’ 
ote diseases and they oes erke. These differences are evident 
in many instances of scro (in the ordinary meaning of the 
word) exist with intense and long continued disease, but without 
tuberculous Rept i that as many instances of tuberculous disease 
may be fo without any of the non-tuberculous affections of 
scrofula ; that as Mr. Simon proved, while the diseases of ‘ defec- 
tive power’ may be experimentally produced in animals by insufficient. 
nutriment and other debilitating influences, the tuberculous diseases 
are hardly artificially producible ; that nearly all other diseases may 
co-exist with the scrofulous, but some are nearly incompatible with the. 
tuberculous. ¥ 

“Now whether we disuse or still use in its vagueness the term 
‘ scrofula,’ we may make a group of the ‘tuberculous’ diseases, defined 
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by the peculiar morbid product of which I have described the chief 
racters. Only at t we must be content, I believe, to be some- 
times in doubt whether the substance found in lymphatie glands and 
‘commonly known as scrofulous matter be truly tuberculous matter or 
: n lymph or pus.” 
In the case of glands affected with what is called scrofulous inflam- 
‘mation, the same peculiar exudation is observed as is found in the 
set wed those who are affected with phthisis. 
exuded matter generally presents a 
and varies in consistence 


I under a 


, Varying from the 51th to the 


water, but rendered 

surrounded with minute 
ules, which are more abundant in the softer tuberculous 
accompanied by deposits of 
and carbonate of lime. They 
oceur in any part of 


production of 
e cells or normal tissues, and the cells are slowly formed and 

slowly break down. They have little tendency, when once formed, 
to i up and 


tho not a contagious disease, is unquestionably 
hereditary; and ce very generally dependent upon a peculiar 
diathesis. Yet, like many other hereditary diseases, it is also occa- 


'Y generated as a primary affection, 


without any hereditary taint 
be discovered. When it 


primary or ingenerated 
any particular tempera- 
scrofula appears hereditary, and 
very early, it is often accom- 
The character of a scrofulous 

is as follows :—You will find the skin 
if you pinch it, which is quite different from the skin of children 

0 are not serofulous ; in them the skin is solid and dense, and the 


the skin is thin, and the vessels may 
be seeng meandering under it; 


and it is on this account that persons 
with this disease frequently have a 
of the skin, which allows the vessels to be seen 


is also light coloured. If ‘you observe, 


they 
of the one stamped Yy nature, and that this, 
be va memsy by the . The hair is also 
’ elashes long, the pupils dilated, 
called clubbed, similar to 


ing the causes of a disease go d ly rooted in the con- 
edged Yo 


exposure 
and want of healthful exercise, A moist, cold, and variable climate, 
land, is pa 
the development of scrofula H 


. fdduce the great prevalence of the malady in both of those countries, 
A very cold or a hot , on the other hand, serves rather to 
- us against ula; the former, dry and bracing, invites to 
exercise, and promotes on, and thus strengthens the system ; 


agg eh pr ons, icularly that of the skin, 

es the ly 08e changes 
Which in our island 80 often lay the foundations of 
tions. Among the causes whic appear to give rise to scrofula in 
roped are practices of rearing them by the hand and stckling 


ted apartments ; for the 
ir cannot be long endured, especially 

consequences, Acute 
cutaneous eruptions, as 
searlet-fever, are often observed to have the 
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the convalescence, the more frequently do symptoms of this disease” 
ensue. 


The treatment of scrofula divides itself naturally into the preventive 
and curative. With 


those who have a scrofulous tendency and 


scrofulous mother, 
Where this is not 


oleaginous element, Children should 
the taki 


reform. It is not till this subject is thoroughly understood 
great mass of the community, that the 
amongst our city populations will cease. 
The curative treatment of scrofula may 
and /ocal applications. With respect to 
possible here to notice 


Sesquioxidum, 
by Lugol, is at present in consider. 
able repute. It is successfully employed both internally and locally, 


kindly glow follows, and when there is decided feverishness, the cold 
plunge- 


the simplest and mildest dressings 
is a favourite application with many 
lead are, upon the whole, very con- 
provided the solutions“be used in a 
‘ormerly, the extir- 


opment of scrofula ; and the more tedious 


pation of scrofulous tumours was advised, but this method is now 


SCRUPLE, 


‘ 


SCULPTURE. 


considered as being for the most part injudicious and unnecessary, 
with the exception of diseased joints and a few other parts which fre- 
quently require being amputated for the sake of saving the patient's 
life. Caustics have been employed for the same purposes, instead of 
the knife ; but as they effect the object in view less certainly, more 
infully and tediously, and cause extensive ulcers, they are disused 
by all the best s of the present day. Some authors advise 
making issues, and ing them open, in order to prevent any ill 
effects from pas dooce of the yop ulcers. —_ may perh: 
be unnecessary for any purpose of this kind; but they are eminently 
useful as a part of the local treatment of scrofulous joints and abscesses, 
When all hope of en a diseased portion of the body is at an 
end, the question immediately presents itself whether such part ought 
not to be removed by an operation. In considering the propriety of 
amputation, it is necessary to determine how far the continuance of 
the affections brings the patient's life into hazard, and whether he has 
still sufficient strength left to undergo the operation. When another 
important joint, or a vital organ, as the lungs or bowels,’is already the 
seat of incurable disease, such operation is nugatory, and in such cases 
unquestionably it should not be performed. Great caution however is 
required in making our final decision ; for every practitioner of ex- 
perience has seen instances where the symptoms of visceral disease 
sroered almost to preclude hope, and yet have yielded on the removal 
of the local irritation, and a cure has been the happy result. 

(Cooper, Surg. Dict.; Cyclop. of Pract. Med, ; Ancell, Treatise on 
Tuberculosis ; Dr. Bennett, Principles and Practice of Medicine ; Paget, 
Surgical Pathology ; Luagol on Scrofula, by Dr. Rankin ; B. Phillips, On 
Scrofula and its Treatment.) 

SCRUPLE (scrupulum, diminutive of scrupus,a term for a sort of 
pebble, probably used in counting) is now used only as the third 
Lab a dram, or the 24th part of an ounce, in the apothecaries’ 

ivision of the troy pound. It was used originally as the 24th part of 
the Roman uncia; afterwards as the sixtieth part of an hour, or what 
is now called the minute. The sixtieth part of a minute was called 
scrupulum secundum, the sixtieth part of a scrupulum secundum was 
scrupulum tertium, &c., whence our terms second, third, &c. applied to 
the sexagesimal divisions of the minute. It is worth noting that the 
ancient form of the word is also scripulum and scriptulum, which 
might suggest a different derivation of the word as a weight or 
measure. It may be worth while to add, that the scrupulum is 
described by soa, Bear gee as a small pebble, such as found its way 
between the sandal and the foot, whence the use of the word to 
denote a difficulty or objection. 

SCUDO. [Money.] 

SCULPTURE, in its strict sense, is the art of carving or cutting any 
material into a proposed form or shape. In its more general 
tion it is the art of representing objects by form ; and is thus applied 
to carving, modelling (or the plastic art), casting, whether in metal or 
other materials, and to gem-engraving. Sculpture is practised in 
various ways; namely, in forming entire or insulated figures, as statues 
or groups, called in technical language, “the round;” or in represent- 
ing objects more or less raised without their being entirely detached 
from a background. This latter is termed “ relief,’ and the degrees of 
relief are defined by modern writers and artists by the expressions 
alto-rilievo, when the object is so salient as to be nearly “round ;” 
basso-rilievo, when it is slightly raised from the background; and 
mezzo-rilievo, when a medium is preserved between the extremely high 
and the very flat “ relief.” There is another variety of this manner of 
working “ basso-rilievo,” which is only or chiefly found in Egyptian 
sculpture; the outline is sunk into the plane or ground, and the parts 
are then formed and rounded on the principle of basso-rilievo. By 
this mode of working there is usually no projection beyond the profile 
or face of the original ground ; to gain effect therefore in this kind of 
relieved intaglio, the Egyptian artists frequently painted the sculpture. 

It is not necessary to enter into a discussion of the various opinions 
respecting the comparative antiquity of the arts of painting and 
acu. Pliny’s story (‘ Hist. Nat.,’ xxxv. 12) of the daughter of 
Dibutades having traced the outline of her lover's profile on the shadow 
cast on the wall, and of this outline being afterwards filled in with 
clay by her father, would give the priority to drawing; and it seems 
obvious that drawing an outline must be antecedent to modelling, or 
cutting in relief ; but a little consideration will suffice to establish the 
probability that insulated objects and figures were made in the very 
earliest times. So many materials offered themselves upon which the 
imaginative faculty could be exercised, that there can be little doubt 
that rude attempts at forming clay, or any other plastic substance, 
into a defined shape, were amo' the first exercises of human 
ingenuity ; and the easy task of thus repeating or copying the real 
form of an object, com with that of representing by lines (and on 
a flat surface) its and perspective appearance, is quite sufficient 
to lead to the inference that this was the earliest. mode of imitation. 
The ancients appear to have availed themselves of every known 
material that was capable of being employed in sculpture. Pliny; 
Pausanias, and other writers supply some curious information on this 
subject, for, in describing works of art, they usually mention the 
materials in which they were executed. 

For , clay, wax, and stucco, or plaster, appear to have been 
universally adopted; and works of great antiquity’ formed of these 


substances, are still preserved. The clay model Snomely ree 
which it acquired a ess scarcely inferior to stone, Moulds were 
also made of clay, and being subjected to the above process, were safely 
used as forms into which softer substances could be pressed, and thus 
objects were multiplied without difficulty. The almost countless 
number of figures, bassi-rilievi, lamps, tiles, architectural ornaments, 
vases, domestic utensils, stamps, &e., which are found of this material 
(called terra-cotta, baked earth), proves the extent of its pee in 
the earlier ages of art. The objects usually com of terra-cotta 
are of small dimensions, but there are instances of its being used for 
works of considerable size. In the Museo Borbonico at Naples are 
two statues, of Jupiter and Juno, above six feet high, and two others, 
one of an actor and the other an actress, above four feet hi They 
were found at Pompeii. The larger figures are inferior in their forms 
to the others, but whether the faults of proportion arise from the 
shrinking or contraction of the clay in baking, or were errors in the 
original modelling, it is not easy to determine. The of 
terra-cotta preserved in England are for the most part of small size; 
but there are some very beautiful objects, both for execution and sub- 
ject, in the Townley collection of the British Museum, It 

ighly probable that the ancients always, or almost always, Taunted 
their terra-cotta works. In many instances the colour still remains, 
and the draperies of figures, and portions of architectural ornament, 
often exhibit well preserved designs of border patterns. The a 
ment of wax for modelling and casting can be traced to a very 
period. The Romans also employed it for making statues, or perhaps 
only busts, It was a custom in some families to preserve portraits of 
their ancestors made of wax. [PorTratt.] 

A great proportion of the ornamental work, rilievi, &c., in the build- 
ings of Pompeii is of stucco or plaster. Few collections of antiquities 
are without specimens of figures and ornaments modelled in this 
material. Some in the British Museum are examples of delicacy 
and sharpness of execution, Many of them are painted; red is the 
prevailing colour. 

The list of materiais used for carved works comprises every sub- 
stance, hard or soft, that could by possibility be employed for the pur- 
pose, including porphyry, basalt, granite, marble, ala , ivory, bone, 
and wood of all kinds. “The three first named were used chiefly by the 
Egyptians, who seem, in all their monuments of art, to have worked 
with the view of securing the durability of their productions, employ- 
ing, whenever they could do so, and especially for works of inpoee 
materials likely to resist the action of the atm the 
introduction of some of the superstitions of Egypt into Rome led to 
the adoption of the Egyptian style of sculpture, it became the fashion 
to execute works of art in the above materials; but this did not occur 
till the reign of Hadrian, before and after which time they are seldom 


met with. 
The variety of marbles known and used by the ancients is almost 
infinite. (Pliny, ‘Hist. Nat.,’ xxxvi. 7.) ose preferred for their 


superior texture, colour, or applicability to sculpture, were, first, the 
Parian, which was found in the island of Paros. It is called also 
jan, from the mountain from which it was brought; and some- 
times Lygdinum or Lychneum, perhaps from its bright sparkling 
appearance. In the second rank was the Pentelic marble, which was 
procured from Mount Pentelicus, in the neighbourhood of Athens. It 
was highly esteemed by the sculptors of antiquity. Its colour, like 
that of the Parian marble, is white; but it usually has a cold bluish 
tone, arising from the grey, and sometimes greenish, streaks that run 
through it ; while the general hue of the marble of Paros is warm and 
from th aitik ccordininres yripaen patie marble of 
from the salt-like appearance of its grain or e 
Mount Hymetttts in Attica was also much esteemed ; it resembled in 
colour the Pentelic. After the conquest of Greece by the Romans, 
this marble was imported in great quantities into Italy. Lucius Cras- 
sus introduced it most extensively in the decoration of a palace which 
he built on the Palatine; an instance of unusual luxury, which was 
much reflected upon at the time. The marble of Thasos seems, to 
have been much used, tin: ons & for architectural purposes. It was 
eclere for covering encasing edifices, and for lining reservoirs 
and fish-ponds. The Italian marble was procured from Luna, in the 
range of mountains near which are the modern towns of Massa and 
Carrara. These quarries seem to have been unknown till about the time 
of Julius Cassar, when they were extensively worked. The grain of the 
Carrara marble is finer that of the Greek marbles above men- 
tioned. Its colour is usually a rich white, and it bears a close 
resemblance to fine lump sugar. It is seldom found quite pure ; veins 
and of black, grey, and red and yellow (oxides of iron) occur in 
it. e Romans also worked quarries in Africa which oo lime- 
stone and white marble with veins of pale ‘ quarries in 


sculptors o 
are executed. 

Among the varieties of wood in which objects were carved, we find 
oak, cedar, cypress, sycamore, pine, fig, box, and ebony. Cedar was 
thought to be very durable, and on that account was used, Pliny says, 
for images of the gods; the same author especial] v distin 
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ceueaall dar, ebony, and box, for their capability of resisting the 
injuries of time. (Plin., * Hist. Nat.” xvi. 40.) Pausanias saw several 
statues of during his travels in Greece, and the following 


instances will serve to show that this apparently humble material was 
a) for representing the most elevated personages in the 
al . The statue of Apollo Archegetes was composed 
of ebony, as was the statue of Diana Limnitis. At Lacedemon the 
statue of Venus was of cedar. A statue of Apollo made of box 
adorned the treasury of the Sicyonians in the Altis. In the temple of 
Castor and Pollux at Argos were their statues, those of their children, 
and of their mothers, all made of ebony. All these works in wood 
have perished, notwi i Pliny’s observation, ‘‘ Materize ips 
sternitas” (‘ Hist. Nat.,’ xiii. 5). A few however of smaller dimen- 
sions have been found in tombs. They are chiefly figures of Egyptian 
idols; and the wood of which are made seems to be sycamore. 
Gold, silver, iron, tin, 1 (and their compounds), wax, and 
, were all used for the purpose of casting. [BRONZE ; hg | 

A mixture of gold and silver, in the proportion of one to five, form 
a composition termed Electrum. According to Homer, Helen presented 
to the tem; of Minerva at Lindus, in Rhodes, a cup made of 
electrum, of the exact form and size of one of her own breasts. A 
mixture of and tin, with sometimes, but not always, small 
ions of metals, formed what the Greeks called Chalcos 
xdAxos); the Romans, 4s; and modern artists (from the Italians), 

Bronce. ; 


There was a statue of Augustus of amber ; and at the celebration of 
funeral ceremonies, as those in honour of Sulla, statues were some- 
times made of and aromatics, as well as of other materials of the 

aa tidare in; Soe ination, of ny. Among the strange 
conceits of artists there is mention of a statue of the goddess of Love 
made of loadstone, which attracted a Mars of iron. 


affect the appearance of this kind of decoration. 


oa : 
What in the rah ‘thes dine of northern countries would, at the best 


so easy to 
mixture of materials for scul 
sometimes light, if the temple were not open fin the roof, would be 
wanting to dissipate the heaviness of effect which it is conceived such 
works The introduction of i ie ee oot 
metal, precious stones, paste or glass, for eyes statues busts (0: 
which in works even of the best period of art), is a 
species of barbarism that is quite unaccountable, and which the most 
zealous iration of the ius of the Greeks cannot qualify or 
excuse. jowever be considered exceptions to the 
rule of pure taste and simple feeling which is exhibited in the greater 
ptors of Greece; and modern experience 
solution of what would otherwise seem 
t the artists, even of those times, were 
their own better taste overruled by the 
employers. It seems difficult to account otherwise 
Sree cee ee on Well an the ares beiog ined. 
one example of this among the bronzes pre- 


were sometimes inserted into bronze statues; the 
of a different metal from the figure. Cicero (‘In Verr.,’ 
speaks of an Apollo inscribed with the name of Myron. In 
collection at Paris is a statue of a youth in bronze, on the left foot 
which are the remains of two G: words, A@ANAIA , AEKATAN, 
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described by ancient authors, b Seer shades or tints of colour were 
Plutarch (‘ Symp.,’ li pes 
, in Ww 


produced a pallid 
This, he says, was effected by the addition of silver. 
bronze statue of Cupid by Praxiteles, for its 


the origin of sculpture, 


of astatue by Lysippus. After describing the work generally, he 
says, the cheeks were coloured like the rose, and those who saw it 
were struck with surprise at seeing the bronze imitate the appearance 
of nature. The same remarkable effect is noticed in a bronze statue 
of Bacchus by Praxiteles. To these may be added a statue of Athamas 
at Delphi, mentioned by Pliny. He was represented sitting after the 
murder of his son Learchus, whom he had precipitated from a rock. 
This work, he says, was not entirely of iron ; for the artist, Aristonidas, 
wishing to express the effect of confusion and remorse in the counte- 
nance of the king, used a mixture of iron and bronze, which should 
imitate in some measure the blush of shame. (Plin., ‘Hist. Nat.,’ 
xxxiy. 14.) Other notices might be quoted of this practice of the 
ancients. The writers who refer to these effects describe them as the 
result of study and intention on the part of the artists, and do not 


_ allow us to suppose that the mere accident of oxidation and decom- 


position produced them. The art seems to be quite distinct from that 
called toreutic ; the latter being the union of distinct materials, easily 
removable, while the former is described as effecting an amalgama- 
tion which produced shades or tints. The few writers who speak of 
it are certainly general in their observations, and give no technical 
details of the manner of effecting these combinations; but this hardly 
justifies the entire rejection of their testimony as to what they saw. 
It is most probable that they coloured the statues after they were cast, 
as Pliny says was done in Egypt (xxxiii. 9). The different compart- 
ments and objects in the shield of Achilles (‘ Iliad,’ xviii.) are described 
as exhibiting different colours. This however, whether the passage be 
Homeric and genuine, or interpolated at a later though ancient period, 
may have been a specimen of toreutic art. That the ancient sculptors 
increased, or imagined they increased, the effect of their produc- 
tions in marble by adding colour, not only tradition but existing 
monuments testify. It is therefore not only possible but highly pro- 
bable that they had some process with which we are unacquainted, by 
which they were able to produce some similar effects in their metal 


, | works, 


Sculpture, as it was practised by the most ancient nations, must be 
viewed in a very different light from that in which we consider its 
employment in more modern times. With a comparatively uncivilised 
and unlettered people sculpture and typical art were the only means 
of representing ideas, and it had its origin almost in the wants of man. 
With later nations (even of a remote antiquity) art became in a degree 
a refinement; and then the various changes and improvements were 
adopted that now occasion the difficulty in distinguishing between 
original and engrafted styles. 

The few notices that are scattered over the writings of the ancients 
are quite inconclusive as to a common origin of art; although certain 
received opinions upon the subject are occasionally met with. The 
ve late date of the oldest of these writers, compared with the 
twiilnibae’d antiquity of the arts of design, accounts sufficiently for 
the difficulties they laboured under in collecting any trustworthy 
evidence on such points, and for the fables, exaggerations, and con- 
tradictions that abound in their statements. The adventures and works 
attributed to Deedalus, for instance, are a proof of the limited know- 
ledge that existed of the first artist whose name occurs in the annals of 
Greek sculpture. The inventions and improvements in various useful 
arts due to a series of artists, and for which a single life would be 
insufficient, are nevertheless all ascribed to this one individual, who, 
after all, bore a name that in all probability was merely a general 
appellation given in early times to any skilful workman or artificer. 
In the same manner we the introduction into Italy of the plastic 
art (simple modelling) attributed by Pliny to a refugee from Corinth at 
so late a date as about 600 B.c. The arrival in Etruria of Demaratus 
may have introduced or improvements in the fabric and 
decoration of vases. The names of the artists who are said to have 
accompanied him, Eucheir and Eugrammus, sound like epithets 
indicative of skill, rather than simple names of persons. Some writers 
speak of images having fallen from heaven. These several instances 
are referred to in order to show that even where tradition had supplied 
scattered and undefined notices of works of art of a remote date, they 
had become so subject to change and misrepresentation as succeeding 
generations received and in their turn again recorded them, that it 
would be vain to place any dependence upon them for a history of the 
origin of art. e inquiry into the precise time, the country, the 
circumstances when the first efforts in sculpture were made, must 
therefore be attended with almost insuperable difficulties. Not so the 
establishment, at a later period, of epochs marked by changes in style, 
and what artists call treatment. 

The desire to perpetuate the memory of extraordinary events, of 
remarkable persons, or of their actions; to honour heroes and bene- 
factors even during their lives, and to hand down to future ages the 
fame of their exploits, has been universal, and has rendered the arts by 
which such an end could be attained objects of universal interest. 
The first works applied to this es were no doubt marked by the 
greatest simplicity. The oldest and most authentic histories speak of 
monuments erected to mark the scene of any remarkable incident ; 
and although, at the early periods referred to, these monuments were 
only composed of rude blocks, or mere heaps of stones, still to such a 
simple commencement may doubtless, in a great measure, be traced 
acob set up a heap of stones at Bethelt 
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A.D. 170, certain of the Grecian divinities were worship h 
form of rude blocks or mere columns, or stones set upright (Paus. vii. 


Tt has been said that the history of sculpture is almost the history 
Religious feeling doubtless had its share in forwarding 
the of the arts; for man, even in his rudest state, always has 
a that good and evil emanate from some superior power: and, 
unable to comprehend a divine essence or spirit, has by degrees been 
led to offer his addresses to some visible object as its representative. 
But it seems probable that the first i or statues were of men 
rather than of gods: and thus that human idols ed those of 
divinities. This supposition is strengthened by the fact that the 
heavenly bodies were the earliest objects of worship among the 
heathen nations; and the symbols that were afterwards dedicated to 
them were most likely merely pillars of a conical or pyramidal form, 
and not~ imitations of the human figure; and when such works are 
referred to and called “graven images” by Moses, it has ingeniously 
been supposed to be in allusion to the signs or hieroglyphics inscribed 
or cut on The sun was worshipped at Emesa under the form 
of a black conical stone with marks to represent the sun. (Herodian, 
y. 6; Gibbon, vol. i., c. vi.) 
tional accounts of wonderful feats in arms, the real or fabled 
history of a conqueror, or a lawgiver, or the founder of a nation, led in 
all probability to the first attempts at making a portrait figure or 
image, which a rude and uninformed people, always attracted by the 
marvellous, associating with it actions of supernatural prowess, would 
soon learn to contemplate with feelings both of admiration and of awe. 
Ex i respect would lead to the payment of extraordinary 
honours ; and the elevation of heroes into divinities would be attended 
with little difficulty when time had obscured the real existence of the 
and weakened the remembrance of their actions. The 
ination would easily be worked upon while the eye contemplated 
these first rude attempts at form; and thus men would be elevated 
into gods. 

The oldest idols of Egypt, no less than the monstrous images of the 
Buddhists and Chinese, were probably, in the natural progress of 
superstition, the fruits of a similar origin. The general forms once 
admitted and consecrated, as symbolical of divine attributes, were 
afterwards, in some instances, preserved from innovations by the 
influence of the hierarchical institutions ; and thus was a barrier raised 
which for a long period was fatal to the progress of imitative art. We 
are accustomed to look to the East as the nursery in which art.and 
science had their origin ; and it is probable that much in the Egyptian 
and even in the Grecian religious systems was derived from this source. 
Tn the representations of the deities of the Hindus, the human form is 
frequently combined with the brute,—the union of intelligence and 
force ; and, as we know was the case with the Egyptians, the Hindu 
artists seem to have been subjected to some limitations and to a 
prescribed t; In all statues and rilievi that remain, many of 
which must have been executed at distant periods, there is the same 
prevailing character of form, expression, and attributes; while out of 
the immediate pale of their mythological or sacred system they appear 
to have been less restricted ; and some of the sculptures at ra and 
Elephanta exhibit a feeling for composition, and a power of e i 
character, which make it surprising that their sculpture never Mttained 


pi, my! excellence. 

n turning to the inspired writings, we find allusion made to imita- 

tive art in the earliest period of hi . The Israelites, after the 

Exodus, are warned against the superstitions and corruptions that had 
degrees crept in and deformed their primitive simple forms of wor- 
ip, and are exhorted to return to a pure devotion, as for instance in 

the book of Joshua (xxiy, 2, 14, 15, 23). 

Rachel, when she left her father's house with Jacob and Leah, 
carried away “the images;” and Laban pursued them in order to 
recover objects upon which he seems to haye seta high value. This, 
we believe, is the earliest notice in the holy writings of the existence 
of such things, and even here we have no particulars by which any 
idea can be formed of what they were like, or of what materials they 
were made, That they were small is evident from the circumstance 
of Rachel being able to carry them away unobserved, as well as from 
the facility with which they were concealed when Laban “ searched all 
. tent, eet fran en not.” 

© remains of Hebrew sculpture are known; but as early as the 
time of Moses they had attained to a considerable retaleee te some 
of the most difficult processes of art. The setting up of the molten 
calf, and the making of the brazen serpent, are evi of this, 
liest recorded names of sculptors are in the Old Testament; Beza- 


leel the son of Uri, of the tribe of Judah, and Aholiab the son of 
Ahisamach, of the tribe of Dan. (Exod., xxvi.) They were the artists 
ted to make the ornaments of the Tabernacle, and their date is 
erefore about fifteen hundred years before the Christian ra. 
From the peculiar position by the Phoenicians, and their cha- 
tage for aplerpciae andl inqeaule, Sees eS ae 


ves ; 
Their country was the great 
mart and magazine of the known world. The prophet apostro- 
phises Tyre as a “ merchant of the people for many isles.” —‘ The ship: 

of Tarshish,” he says, “ did sing of thee in thy market; and thou wast 
oe and made very glorious in the midst of the seas.” Homer 
(‘ Iliad,’ xxiii. 743) calls them “ the Sidonians, the skilful workers or 


? 


artificers” (2:3dves woAvdaldador), when he speaks of them as having — 
made an dlaborataly worked silver cup. Solomon sent to Hiram, king 


of Tyre, for workmen to build and decorate his magnificent temple ; 
and the king sent him a “cunning” man, skilful to work in : 
silver, brass, iron, stone, and timber. (2 Chron. ii. 18; and 1 
vii.) The building of Solomon's temple took place about one thousand 
years before the Christian ian era. 


With the exception of the Hindus, our remarks have thus far been 


confined to those nations among whom sculpture is known to have 
been practised, but of whose art no monuments remain. We are now 
about to enter upon a more in! 


field of inquiry. pre one 
had in its first stage (when, as we believe, each people who em) '_ 


it originated it for themselves) fulfilled its 
record. pibeentnns Sy seaeias an increased mi — = 
to represent objects claiming admiration or res] ‘ it was in 
stage probably that valuable materials were first used for are, 
The progress was easy to employing it for decoration, and the 
lonians and Hebrews made great use of it for this purpose. 
yet no practical knowledge has been gained with respect to its 
as an art of design; of the changes from primitive rudeness to 


form and character; nor of the innovations or varieties in feeling or 


practice occasioned by the intercourse of hitherto strange and unknown 
nations. 

The style of sculpture and the condition of the art at different 
periods among the Persians, the ians, the , the ; 
the Greeks, and the Romans, can fortunately be illustrated by reference 
to existing remains. Each of these people had their peculiar 
which has given a character of sc; to ee eee 


disapproved of statues for religious : is, as* objects to — 
which worship should be offered. Not believing, as the Greeks did, 


that the gods had the human form, they admitted no representation 
of the deity, and allowed fire and water to be the only symbols or ~ 
emblems of the divine power. It is said that Xerxes ed the 


temples of Greece at the 
against the impi 
gods to whom things are ne and free, and whose appropriate 
temple is the whole universe. herever they appeared as conquerors, 
the effects of this opinion were exhibited; and in 
Greece; they gave full indulgence to the icon ce fury. It is not 
to determine the date of such sculptures as appear on Persian 
buildings. Those which decorate the structures at Persepolis represent 
religious  omanpry chiefly, and sometimes combats both of men and 
beasts. one of them is there any approach to a representation of 
the naked human figure. Their figures, enveloped in | heavy 
draperies, are deficient in grace, variety of action, and character, At 
a later period of their history some innovations seem to have been 
permitted, but these were not of sufficient Y to raise their 
art to any degree of excellence. The low measure of their attain- 
ments in this respect, and the general want of taste in art, are stri 
exhibited in the gold coins called Darics, which display as muc 
pees ot design as meanness and clumsiness of execution, It has 
nm thought that Persian art received some additions or modifica- 


of the Magi, who exclaimed 


The | tions after the return of Cambyses from Egypt, when he ap was: 


accompanied by some of the artists of that comparati 


But as 


the Etrurians, 


of those who presumed to enclose within walls the _ 


t, us well as in 
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nation. Th is however nothing in any of the monuments that 
remain which is evidence of this influence. In the treatment of the 
I of the hair in small {round shell-like knobs, and in the 
m and uniformity of the long draperies, there is a strong 
between the styles of the Persian and early Greek and 
monuments. If this is anything more than a general 
istic of primitive art, it only proves that the Persians were 
_ atone period not far inferior to their neighbours, but failed to make 
_ that progress in design and execution which eventually led to the 
perfection of art in Greece and Asia Minor. 

___ In Egypt, on the other hand, distinct as is the quality of its art 

that of Greece, sculpture was practised on a scale and for 
give it an irresistible claim to our interest. From all 

in ancient authors, and from all that modern research has 
brought to light, the Egyptians were learned, intelligent, industrious, 
wealthy. Neigh’ 


bouring nations considered Egypt as the centre 


and ; 
and the source of all knowledge; and “ the wisdom of the Egyptians” 


‘yptians, and as affording the 


ity of comparing the peculiarities of the style of art at that 

cay tine with that of works of later date. : 
inckelman, Millin, and Fea have thought it possible to distin- 
ony different periods, or epochs, in the history of Egyptian sculpture ; 
t they have not agreed in their classification. This is not to be 
wondered at, when the general resemblance of pf that pervades all 
jan design is considered. In the course of ages, and especially 
undef some of the more ambitious and enlightened of their kings, a 
style of form and greater variety of composition were indulged 
in. “Still, the very slight variations that were made (for, considering 
the space of time over which the history of Egypt, as a flourishing 
nation, extends, they may truly be called slight) render any attempt 
at a satisfactory classification, or reduction of changes to chronological 
almost hopeless. The only division of epochs of art in 
1 which is not open to dispute is, first, that of an original and pre- 
served standard which, with slight variations and modifications, existed 
from: the earliest date of art in the country down to the time of the 
arrival of the Macedonian Greeks in Egypt, that is, till about 330 B.o. 
The Greek dominion in Egypt constitutes the second period; and the 
style of art may —_ not inappropriately be called Greeco-Egyptian, 
as it influenced by the taste introduced by that people. 
and last period may be termed the pseudo-Egyptian, or 
imitative period; and dates from the time of Hadrian, or about a.p. 
the Romans adopted many of the superstitions of the 
and added some of their divinities to their own extensive 
ological calendar, This love of novelty, or subserviency to the 
of their emperor, filled the cities and villas of Italy with 
statues of Isis, Osiris, and other personages and objects of Egyptian 
worship. No advantage, however, was gained by Egyptian art in con- 
uence of the springing up of this fashion in Rome. The great 
‘our was rather to give all design an Egyptian character, than to 
elevate the character of Egyptian art by the introduction of a superior 
taste either in form or composition. The most favourable specimen 
of the mixed style is the fine statue of the Egyptian Antinous, as it is 


: 
Li 


called ; but, founded on caprice and false principles, the Roman or 
pseudo- jan manner soon fell into disuse, and has never been 
resumed. It will be remarked that in all the changes of circumstances 


to which we have referred, and by which the political condition of 
Egypt was materially affected, no sufficient alterations occurred to 
destroy the peculiar and distinctive character of Egyptian art, which 
exists in all its force, whether the works be of the most remote archaic 

_ and of the whole range of time to Alexander the Great, of the 
» @ of the Ptolemies, or even the still more modern period of 


It is — matter A ae = —e 80 celebrated as the 
Egyptians for superior intelligence, su experience in the 
of the oni should have made so little epegrian in them ; and 
pre min would be quite inexplicable if we were not acquainted 
the nature of their institutions, and the check which was thus 

- opposed to their advancement beyond a certain limit. The common 

j that have been offered with the-view of accounting for the 
_. acknowledged inferiority of the Egyptians to the Greeks are altogether 
! , even if the facts upon which ar are founded could 
be admitted. — wen aden Lee ery 0 ies i the stiff 
uniformity of on igyptian design 0 to the want of 
beauty in the natives of Egypt. Others have imagined that the artists’ 


want of knowledge of anatomy, and there being no public games in 
which they could study the human figure, are sufficient to account for 
this inferiority ; attributing to physical causes alone that which was 
effected by very different influences. The art of sculpture especially 
seems to have been employed exclusively for religious purposes. 
The priests, an hereditary body, systematically enforced the pre- 
servation of ancient usages, and confirmed their hold upon the re- 
spect, obedience, and veneration of the people by not suffering any 
innovation upon old established forms. The whole population was 
divided into castes; and a calling or profession was exercised from 
generation to generation. The sons were all obliged to follow the 
steps of the father. The order of these castes is variously stated by 
different writers. The sacerdotal, of course, ranked first. Accord- 
ing to Synesius, the profession of an artist was not exercised by 
common or illiterate persons, lest they should attempt anything con- 
trary to the laws and regulations regarding the figures of the gods; 
and Plato, in his second book of Laws, says, “they never suffered 
any painters or statuaries to innovate anything in their art, or to’ 
invent any new subjects or any new habits. Hence the art remains 
the same; the rules of it the same.” Here, then, we sée the real’ 
cause of the duration through a series of years of one unchanged ‘style! 
ofart. The origin of the form preserved through so many ages is’ 
declared by its extreme simplicity. The earliest attempt at repre-! 
senting the human figure would be marked by the absence of action ; 
and this is the characteristic of all Egyptian statues. The figure is 
upright, or kneeling, or sitting. The legs are close together, and the 
arms are attached to the body. This, then, became the established 
type; and though some slight movement was occasionally allowed, as 
in advancing one foot before the other, it hardly can be said to relieve 
the so improved figure from the stiffness of the more primitive stan- 
dard. That there was a capability in the artists for mechanical excel- 
lence is amply proved by the more elegant forms that sometimes are 
met with even in Egyptian statues, but more especially in those works . 
where they could without impropriety indulge their fancy. The heads 
of divine personages occasionally beam with majesty and grace; and in 
the examples in the British Museum of Egyptian monuments, whether 
in the head of the so-called Young Memnon, or in the Prudhoe Lions 
and other representations of animals, or in some of the compositions 
portraying scenes of active life, the student will perceive that some 
other cause than want of feeling or skill must have operated to pre- 
vent the sculptor of Egypt from arriving at the same eminence in art, 
that was attained by the artists of Greéce. The stiff and limited 
action of Egyptian statues has already been noticed. To this must be 
added, that the figures of men are usually naked, excepting that a sort 
of apron is folded across the loins; while those of women are repre- 
sented dressed in a long and simple garment fitted close to the body. 
This covering has no folds in it, and can only be distinguished from 
the figure by a slightly raised border at the neck and feet. The form 
of the breasts is sometimes indicated on the dress by their natural pro- 
jection being circumscribed by an indented line. One of the most 
interesting specimens of Egyptian sculpture is now in this country. 
It is generally known as the head of the Young Memnon, though it 
has no claim to that title, which was given it from a mistake made by 
Norden, the traveller, who visited Egypt in 1737. This bust is formed 
of a single block of fine-grained granite, containing two strata of colour, 
one portion being of a red, the other of a gray (or blue) cast, Though 
it possesses all the characteristics which so eminently distinguish 
Egyptian sculpture,—the flat eyebrows, projecting eyeballs, the 
rounded’ nose, thick lips, and the ears placed high up,—this head 
elaims admiration for beauty of outline and the peculiar sweetness of 
its expression. It offers a remarkable exception to the general rule of 
Egyptian design, and shows, what has before been hinted at, that there 
was the power of representing beauty both of form and sentiment, if 
room had been allowed for its exercise. In working basso-rilievo (and 
pictures) the Egyptian artists decidedly ventured beyond the limita- 
tions to which they seem to have been confined in representing insulated 
figures. Almost all the temples and tombs that have been explored 
are richly decorated with sculptures in the peculiar style of rilievo to 
which allusion has been made in the introductory part of this article ; 
and although they do not materially differ in the general style and 
character of art, they are sufficiently varied in the mode of treatment 
to warrant this distinct notice of them. The most striking difference 
from the insulated figures consists in the superiority, as well as extent, 
of design and composition. This-is particularly observable in the 
Theban remains, to which attention, has been directed by Wilkinson, 
Rosellini, and others who have illustrated the history, arts, and cus- 
toms of the ancient Egyptians. Wilkinson, speaking of Luxor and 
Karnak, observes as to the decorations of the temple, “The principal 
historical sculptures are on the exterior of the great hall. The 
upper compartment represents the king attacking a fortified town 
situated on a rock, Whiéh is surrounded by a wood, and lies in the 
immediate vicinity of the*mountains.” In another compartment the 
king is again the hero, &n@ is represented slaying the chief of the 
enemy with his sword, having first‘ wounded him with his spear, and 
entangled him with his bowstring. The author observes here that 
the drawing of these figures is remarkably spirited. After other 
series or compartments, sin which the Egyptian monarch is seen 
scattering death among his enemies, is a representation of his return, 
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and the presentation, by him, of captives and spoils to the deities of 
Thebes. 

All colossal works in Egypt are of basalt, porphyry, granite, or 
sandstone, though Herodotus (ii. 143) tells us that at Sais and at 
Thebes there were statues, of large dimensions, of wood. We are not 
aware that any large statues have been found made of metal, The 
British Museum three bronze figures which merit attention, 
as they exceed the usual dimensions of such Egyptian works, being 
about three feet high, and gilt, The substance or thickness of the 
metal is not great, and the interior is filled up with stucco or 
plaster. The gilding, some of which is well preserved, both in surface 
and colour, seems to haye been applied as a wash, the bronze having 
first been entirely covered with a coat of plaster about as thick asa card. 

The clean execution and exceedingly fine surface observable in the 
scul of Egypt have attracted the attention of er pas judges, 
and led to the conviction that the Egyptians must have great know- 
ledge in the arts of hardening or tempering metal, to enable them to 
execute such highly-finished works in the most obstinate and brittle 
materials, It is a remarkable fact that when the colossal head before 
alluded to as the Young Memnon was placed in the British Museum, 
and it was necessary to cut some holes in it for the insertion of iron 
cramps to unite some of the broken fragments, the hardness of the 
granite was so great that six or eight blows rendered the mason’s tools 
(which were tempered more highly than usual) totally useless. 

The facilities that are now afforded the student and public for 
examining authentic monuments of Egyptian art in the extensive and 
valuable collection in the British Museum, render it unn 
dwell at greater length upon the peculiarities of that school of design. 
‘That their works are wanting in the grace, the flow of lines, and the 
beauty united with repose, that constitute the charm of the best 
Grecian sculpture, must at once be admitted; but the simplicity and 
clearness of intention in their more extensive compositions, and the 
sublime grandeur, repose, and dignity of their colossal statues, so 
Ng A to their mystic and religious purposes, will always ensure 
their being considered amongst the most interesting monuments of 


ages. 

Assyrian Sculpture.—Until so recently as 1843, nothing was known 
of the arts of the ancient Assyrians beyond the references to the splen- 
did palaces filled with statues and painted bassi-rilievi on the |, of 
vast size and admirable workmanship, in the Old Testament and in 
ancient Greek authors. But in that and following years a surprising 
number of the monuments themselves were brought to light by the 
fortunate researches of MM. Botta and Layard, and. their successors, 
and transferred to the British Museum and the Louvre. The build- 
ings in the buried ruins of which the Assyrian sculptures were found 
have been described, and the sculptures themselves noticed, under 
Nuxeves, Arcurrecture or ; here, therefore, it will only be cage & 
to indicate briefly their character, All the sculpture yet found, wit! 
the exception of a few bronzes, consists of slabs, often of colossal 
dimensions, on which are carved figures in relief, and with which the 
walls of the palaces were faced both inside and out. In date they are 
believed to range from the reign of Sardanapalus, B.c. 930, to the 
destruction of Nineveh, B.c. 625. As Nineveh was founded 1200 years 
earlier, they do not therefore represent the archaic period of Assyrian 
art. The existing examples appear to belong to three distinct periods. 
The earliest are those brought by Mr. Layard from the great palace 
and adjoining buildings in the north-west quarter of Nimroud, and 
now in the British Museum ; they belong to the age of Sardanapalus, 
or about 930—902 B.c. They consist of colossal human-headed winged 
lions and bulls, personages from the Assyrian mythology, and other 
single figures; of representations of battles, sieges, the passage of 
rivers, the chase, the great king sacrificing, &c., cuneiform inscriptions 
being often carved quite across the slabs, without any regard to the 
figures. As works of art, they do not take a very high rank: the 
drawing of the human form is inaccurate, the muscles are exaggerated ; 
there is utter ignorance of perspective ; and the artists were evidently 
bound, like the Egyptian sculptors, to certain strict conventional rules. 
Yet it is impossible not to be struck in these older works with a certain 

and severe grandeur of style and power of imitation. Here, as 
throughout, Assyrian art seems to hold a sort of middle place 
between Egyptian and Grecian art. The slabs found at Khorsabad by 
M. Botta, and deposited in the Louvre, belong to a middle period, that 
of the 8th century B.c, Less severe and perhaps inferior in grandeur 
to the older works; they exhibit more oe tah of execution. The 
Kouyunjik monuments in the British Museum are of the third period, 
or between B.c. 721 and 625, The slabs contain historical records, 
hunting seenes, &c., similar to those of earlier date; with some rather 
different in character, representing Sennacherib superintending the 
construction of some great architectural works, and directing the 
ere of colossal human-headed bulls. The scenes represented in the 
jabs of this third period are more varied in character, the execution 
is more careful, the figures are more minute and more accurate in 
the details,—in the animals, especially, the minute accuracy and know- 
ledge of animal nature are quite remarkable,—but the largeness and 
grandeur of the older works are wanting. The slabs of each period 
are chiefly of alabaster, but some of the latest date are of the er 
native limestone. All of them appear to have been painted with the 
most brilliant colours they were the figures pourtrayed with ver- 


milion, exceeding in dyed attire, all of them princes to look at, 
described in the sacred scriptures, : 

Etruscan Sculpture.—The Etruscan is the next school of sculpture 
that claims attention. The history of this nation is involved in great 
obscurity. The appellations of Tuscan and Etruscan were foreign to 
them, and Etruria was a Roman term. The more ancient name by 
which they were called was Rasene (‘Paonvat). Their later history is 
chiefly known from their connection with other nations. [Erruria, 
in Groa. Div.} An examination of their sculpture, as founded on the 
numerous existing monuments, almost seems to connect them, ina 
greater of less degree, with the Greeks, Whether the Etrurians at 
any time a mythology and style of design on which Greek 
“myths” and forms were subsequently engrafted, or whether each 
nation retained principles originally common to both, is not important 
in this part of our inquiry. The supporters of the more remote anti- 
quity and superior intelligence of the Etrurians have supposed it 
possible that this people, instead of being taught by them, were at one 
time the instructors of the Greeks, amongst whom, in consequence of 
their wars, internal divisions, and other disturbing causes, the arts 
were neglected, and probably suffered to fall to decay, while Etruria 
had enjoyed a state of comparative repose, favourable to the advance- 
ment of the arts. Among the great difficulties with which this 
of the subject is embarrassed, is that of establishing with any 
the dates of the settlement of Greeks in Etruria. It certainly 
remarkable that the cinerary urns found in sepulchral chambers often 
have represented on them subjects whose meaning is unknown, and 


to | which seem to have no affinity at least with the post-Homeric Greek 


mythology ; and so far the practice of art and a class of symbols seem 
to have existed in Etruria, either essentially its own, or, if ever shared 
with others, so ancient that all record of it was lost, excepting as it 
ap on these older Etruscan monuments. 
he history of the known Etruscan school of sculpture is therefore 
necessarily founded on the character of the majority of existing speci- 
mens; and in these the recurrence of similar subjects and 
resemblance of costume, and the common form of many of the letters 
of the Etruscan and Greek alphabets, distinctly establish the fact of 
some communication between the two nations. Lanzi (‘ Notizie sulla 
Scultura degli Antichi’) divides the art of Etruria into epochs or 
periods, and considers the second to be that which was influenced by 
colonies from Greece ; and it is this influence which is so observable in 
the monuments referred to. ; 
In observing, however, that all or nearly all the specimens of Etru- - 
rian art that have reached our times indicate a connection or inter- 
course at some period between that co’ and the Greeks, it may be 
well to repeat a remark that has incidentally been made in a former 
part of this history,—to caution the student from tvo hastily attri- 
buting to different nations a common origin of design, from the mere 
similarity of certain forms and corresponding particulars of execution 
which may perchance be recognised or discovered in tlteir primitive 
attempts at art. It must always be borne in mind that this appearance 
is often nothing more than the general characteristic of all art in its — 
infancy ; the same, or nearly so, in Greece, in India, in Etruria, as in 
all other countries. Lanzi observes, in speaking of the sculpture of 
this school (‘ Notizie sulla Scultura degli Antichi’), that a distine- 
tion must be made between works in the Etruscan style and works 
simply executed by Etrurian artists. The “Etruscan style” was a 
peculiar manner of treating art. It was designated by the Latins 
*‘ Tuscanicus ;” and all works executed in this manner were termed 
“ opera” or “ signa Tuscanica.” That this distinctive character of school 
existed, and was res, a as a peculiar feature in art, is confirmed 
by a passage in Quintilian, in which that writer is particularizing the 
style of some of the great sculptors of Greece, and showing the : 
or progress that distinguished the earlier from the later masters. He 
says, “ Callon and Egesias made their statues hard” (a technical term 
meaning stiff and severe) “and nearly approximating to the Tuscan 
figures. Calamis made his works less rigid.” (Quintil., ‘ Orat.,’ lib. xii., 
10.). The peculiar characteristics of the Etruscan style,—the signa 
nica,—are an affectation or exaggeration in the general actions 
and attitudes, and m of treatment in the details. In the heads, 
whether of male or female figures, the hair is usually stringy; or 
plaited, and falling in long tails or lengths. The hands are placed in 
the least natural 4 epee for the purpose on which they are employed, 
and the ends of the fingers are often turned up in the most unnatural 
and therefore ungraceful manner. The draperies are cast without any 
regard to masses or agreeable forms, and always appear as if they had 
been put on wet and starched, and had stiffened in drying; the s 
are very much shown, and in the falling or i r views appear 
in regular and corresponding zig-zag lines, iy of resemblance 
to the above works of the signa Tuscanica will be found in early Greek 
art, especially that of the A%ginetan school. With these, however, this 
indication of primitive style passed away as the knowledge of art 
advanced, while the Etruscan manner was retained, and even imitated 
in many works of a much later period than the original Tuscan, and 
by artists belonging to schools of a more perfected taste. Asa 
remark, it may be observed that productions in the Etruscan style are 
very deficient in beauty. They neither exhibit the repose and sim- 
licity which, notwithstanding its other deficiencies, give dignity to 
Egyptian, nor the fine forms and sentiment which ennoble Grecian 
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sculpture ; and whatever interest they excite is derived rather from 
the value that attaches to them in an archzological point of view, than 
from any merit that they possess as works of art. 

‘Tt has been observed that some Etruscan works are found to differ 
from these in the style of their execution. This is particularly ob- 
servable in the recumbent figures that have been discovered in the 
Volterran and other Etruscan tombs and b: . Some of these are 
small, but many are of large size, and ly decorate the lid of the 
coffin or sarco, in which the ashes and sometimes the body of 
the deceased were deposited; closely resembling in this respect the 
style of monumental sculpture in Europe in the 15th and 16th centuries. 
In these figures there is a totally different character, both in form and 
expression, from the true Etruscan monuments. The heads frequently 
possess great beauty; there is often a strong character of nature in 
them, and it seems probable that they were intended to be portraits of 
those whose tombs “a haiaer pre Many of them show marks of 
ie been painted. T 


lundered, long before they were rediscovered by our modern archxo- 
foe and aatiaakn 


than their original constructors. Objects have been found in them of 

, from which it would appear either that many of the 

i are really of a later date than usually has been 

or that the ancient burying-places have been used for the 
of a more modern race. 


the distinctive quality of Etruscan art, that Etruria, like Egypt, was 
ruled by a powerful hierarchy. Their chiefs, Lucumones, were priests 
as well as tem rulers, and they may, like their ian brethren, 


have ing art, and in pears from 
innovation the forms once consecrated by religion. It is at the same 
time probable that this influence was not so restrictive in Etruria as it 
was in Egypt ; for the varieties that are found in works of art prove 
that the artists here took greater liberty than was permitted to those 
of This appears to be the most reasonable way of accounting 
continpance of a distinctive style and limited progress of design 
among a people who were eminently clever (¢:Aotexva:) and ingenious. 
Considered in this point of view, Etruscan sculpture holds a position 
= aecchoarh elle nagar ef lb It is impossible not to recognise 
in it the connecting link between two systems, namely, the tice of 
art for hieratic or ly sacred purposes, and that more liberal and 
development of it which, under the later and more refined 

reeks, was directed to the illustration of the most ical and sublime 
conceptions through the medium of the most beautiful forms. Of the 
extent of a pore in sculpture a sufficient proof is afforded 

by the fact mentioned by historians that when after having sustained 
were 

province (about 
280 5.c.), two thousand statues were taken by the victors from Volsinii 
alone. (Plin., ‘ Hist. Nat.,’ xxxiv. 7.) a 


The vases, 
different towns became celebrated for iarities of manufacture. 
(Plin., ‘ Hist. Nat., xxxv. 45.) There is however reason for believing 
the greater number of painted terra-cotta vases, usually called Etruscan, 
from being first discovered in Etruria, to be Greek. Their subjects, 
their style of painting and design, evidently connect them with that 
people; and it has been observed, that though the Etrurians inscribed 
every other work of art with their own characters, there is scarcely an 
painted vase with any other than a Greek inscription : 
some of these may, however, be imitations of Greek vases. The Arezzo 
Arretium) vases are of a fine clay of a red colour, but the figures are 
in relief: many of these are of a comparatively late period, and bear 
Latin inscriptions. (Inghirami.) The arrival in Etruria of Demaratus 
with artists from Corinth has been assigned as the date of the intro- 
duction of the art of making vases, and of other processes in the 
plastic art. It is, however, more probable that they only effected some 

in the style of ag: ot area dat ; for modern 
eee toms to oot : eee eo 8 anchors 
of cin urns vases long anterior to appearance of the 
emia kom Corinth, (Lanzi,/.¢.; Winckelman, ‘Storia della 
Scultura;’. Mrs. H. Gray, ‘ Tombs of Etruria.) 


large size in bronze. Some of these have iptions on them. The 
bronze ed in the Capitol at Rome, is also a remarkable 
example of ancient art in the Etruscan manner. The extensive dis- 
cov that have been made in different parts of of late 
years have likewise added greatly to our knowledge of the Etruscan 
art and customs, and have enriched the museums of Rome, Naples, 
Florence, and even England, with most interesting records of this 


remarkable people. The remains. preserved in these and in private 
collections are well worthy of attention, but a detailed description 
of them belongs rather to the general history of the country and its 
antiquities. 

The works in sculpture of the Etrurians are chiefly in terra-cotta, 
stone, aed beicond' and the most = tombs have supplied some 
exquisitely wor! ornaments in gold, as well as larger pi 
armour of the same costly iene ot eS 

Greek Sculpture.—In the preceding pages {we have had rather to 
notice its existence than to trace the progress of sculpture ; for, with 
very limited exceptions, its practice was under circumstances 50. little 
favourable for its improvement, that it is scarcely possible to connect 
it, in any way, with the refined pursuit which it afterwards became in 
the hands of the Greeks. In other countries it never advanced 
beyond certain limits; mere representations of objects were produced 
seldom elevated by sentiment or feeling; and if, sometimes, the rude- 
ness of first attempts at form was overcome, the art still remained in 
fetters. In Greece, on the other hand, sculpture soon rose superior to 
all those prejudices that would have restricted its advancement. With 
this gifted people it became something more than a merely mechanical 
pursuit. It was here that the conceptions of sublime and glowing 
fancies were embodied in the productions of what may truly be termed 
a race of poetartists. Writers have endeavoured to account in 
various ways for this universally admitted superiority of the Greeks 
over every other nation among whom the fine arts had been practised, 
and usually have attributed their success to such physical causes as a 
fine climate, or the prevalence of beautiful forms, or to the public 
exercises so general in that country; or to the kind of government in 
those communities in which ¢he arts were most successfully cultivated. 
Valuable as some of these conditions must be allowed to be towards 
pander of art, they are by no means sufficient to account for an 
e ence which, even amongst the Greeks, was both extremely partial 
with respect to locality and extent, and limited as to its duration. Nor 
were those particular states in which the arts of design most flourished 
eg agro: tary beyond others in the causes supposed to contri- 
bute to that excellence. The climate of Attica, it is admitted, was 
unequal ; and bag: vegetation appeared in the greatest luxuriance 
in some spots, in others the soil was barren and naked. With regard 
to beauty, too, there is no reason to believe that the people who most 
excelled in the fine arts (namely, the Athenians) were distinguished 
beyond all other Grecians for this quality. Cicero, indeed, makes a 
very remarkable observation which would go far to prove that the 
con was the fact, He says, speaking of the crowd of young 
men whom he saw at Athens, how few there were who were really 
handsome. (‘De Nat. Deor., lib. ii., c. 79.) And it is curious also 
that of all the women whose celebrity for beauty has reached us, not 
one appears to support in this respect the honour of Athens. Phryne 
was a native of Thebes, Glycera of Thespiw, Aspasia was born at 
Miletus, and when Zeuxis, the painter, desired to procure the most 
beautiful models for his Aphrodite, it is said he produced his master- 
piece from the study of seven virgins of Crotona, It is not intended 
to deny the existence of beautiful forms amongst the Athenians, but 
simply to show that it is not to this exclusive possession that their 
success in the imitative arts can justly be attributed. The admiration 
of beauty amongst the Lacedemonians is admitted ( lian, ‘ Var. 
Hist.,’ xiv. 27 ; and ‘ Athen.,’ xii. 12); but the fine arts were not per- 
mitted to be practised in Sparta. In other parts of Greece also 
personal beauty conferred a title to distinction; the priests of the 
young Zeus at Agium in Achwa, those of the Ismenian Apollo, and 
the boys who walked in procession at the festivals in honour of 
Hermes at Tanagra, were youths to whom a prize of beauty had been 
awarded (Paus,, vii. 24; ix. 10. 22); but no school of art arose out of 
this which at any period equalled, or attempted to equal, that of 
Athens, It is scarcely necessary to allude to the question of govern- 
ment. The arts flourished where the most different forms existed. 
Corinth held a secondary rank among the cities of art, while Athens 
and Sicyon were in the first. Indeed, if wealth, pomp, and luxury had 
been necessary, or alone favourable, for the success of art, it would 
have been exhibited among the splendid communities of Asia, and not 
been left té its comparatively tardy development in -the small, 
scattered, and often disturbed states of Greece. It was not to any of 
these accidents, either singly or collectively, that the perfection of 
Greek sculpture was owing. It was the principle upon which, among 
that people, imitative art was founded (and upon which it was prac- 
tised throughout all its stages), that led to its excellence. The whole 
secret of the superiority of the best schools of Greece was in their 

nature, in her most perfect forms, their model,—the only 
means by which perfection in art can be attained. As soon as they 
acted upon this knowledge, their sculpture became almost as divine as 
their great examplar. 

Judging from their poetry, and from their art, whether in their 
sculpture or their painting, it would seem that the Greeks had an 
intuitive sympathy with beauty. The artists seem to have been 
careful never to lose sight of this principle, by expressing any passion 
or feeling under forms at variance with the simple laws of beauty. All 
extremes of expression are studiously avoided, and they appear to have 
chosen only those subjects for representation which allowed them to 
keep within these bounds, Pliny (‘ Hist, Nat., xxx, 37) mentions an 
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artist who had an opprobrious nickname in uence of painting 
low and common-place subjects; and the Thebans had a law which 
subjected artists to a fine if their works were inferior in beauty to the 
objects which they professed to imitate. (lian, ‘ Var.,’ iv. 4; Junius, 
‘De Pict. Vet., ii. 4; Lessing, ‘Laocoon,’ ii. p. 12.) This natural 
sensibility to the charm of beautifal forms was encouraged and assisted 
by the habits of the people, The gymnasia, or schools, in which young 
men were trained to take in the public games, were frequented by 
all classes. Statesmen, losophers, poets, and artists were in the 
habit of attending them, and were thus accustomed to see the human 
form in all its varieties, whether draped or naked, or in repose or in 
action ; and while the sculptor was filling his mind with the beauty 
and capabilities of the human figure, the spectator was acquiring the 
knowledge that enabled him to become a competent judge of imitative 
art. The importance attached to distinction in these games rendered 
the education of the young men a subject of great care. Every means 
were resortéd to in order to increase the elegance, the strength, the 
suppleness, and the active powers of the body ; and the sculptor especi- 
ally benefited by ge constantly before him the finest forms that 
exact discipline and judicious training could produce. He was thus 
by to seek the causes of the superiority of the victor in the race 
or the wrestling match; and by comparing or contrasting the different 
properties most generally found to exist in the conquerors in the 
a classes, to adopt those qualities in whatever characters he 
might be called upon to represent. The deep and spacious chest and 
broad shoulders of the brawny wrestler gave the type or distinguishing 
character of Heracles, and the class in which physical strength was to 
be exhibited : the clean legs, small well-knit joints, and lighf propor- 
tions of the victor in the foot-race, furnished the character of of 
the messenger of the gods ; while the union of strength and agility in 
the athlete, taught the sculptor how to make those combinations which 
eventually fesulted in what is termed ideal beauty,—the statues of 
gods, demigods, and heroes. Having this access to the best models, 
and exercising his art uhder the eyes of critics who, from habit and 
observation, were as well acquainted as himself with his standard, it is 
not surprising that the sculptor of Greece acquired a facility and a 
power of representing every class of form unattained by any other 
people, and which have rendered the terms Greek and perfection, with 
reference to art, almost synonymous, The high purposes to which 
Peps especially was applied, and the general interest that was felt 
in all works that were produced, account for the success with which 
the art was practised. The mind of the sculptor was enlarged while he 
reflected on the appropriation of his work and the great objects of his 
labours. His was not the ambition of present praise or profit. He 
felt, and truly felt, that his art, properly practised and rightly under- 
stood, was capable of producing great moral effects yr those who 
were to contemplate them; and consequently, in the best period of 
Greek art, the appeal was always made to the higher feelings rather 
than the mere senses, The artist did not produce his works to gratify 
a patron, but to improve a people; and whether they were destined to 
the temple, the grove, the portico, or the place in which the public 

es were celebrated ; whether, like the Zeus of i eg they were 
intended to excite religious impressions of the majesty of the gods ; or, 
as in the icones (or portrait statues) in Altis, to stimulate the energy of 
the youths of Greece to gain distinction in the public games—the 
sculptor felt, and he acquired power as he was impressed with the 
ennobling idea, that he was contributing to a great end. This is the 
principle of the success of the arts in Greece; and in the presence or 
absence of this recognition of the public utility of art, may be discovered 
the causes of its comparative success or failure in other nations and in 
later times. 

In Greece, as in other countries, the earliest attempts at imitative 
art were extremely rude. Pausanias, who travelled in Greece about 
A.D. 170, mentions that at Phare in Achwa thirty quadrangular blocks 
of stone were worshipped, or at least honoured, as the symbols or 
representations of certain divinities. At T’hespie Hera was thus 
recognised, and at Sicyon Artemis Patroa was represented by a column, 
and Zeus Milichius by a pyramid. (Paus., vii. 22; ii. 9.) The ancient 
statue, if it can be so called, of Aphrodite of Paphos, with others that 
might be referred to, were mere columns or stones set, upright. The 
next step in art was in the attempt to characterise these shapeless symbols 
by giving them a human form. The upper part was shaped into the 
likeness of a head, and, by degrees, arms and legs were marked out; 
but in these carly imitations of the human figure the arms were 
doubtless represented closely attached to the sides, and the legs, though 
to a certain extent defined, were still connected or united in a common 
pillar, as in the statues of the Egyptian school. 

The history of Greek sculpture may be divided, generally, into four 
periods, each of which is illustrated by e works bearing 
unequivocal marks of the progressive es which attended the 
practice of the art from its rise to its decline. These greater divisions 


or periods might perhaps easily be subdivided into smaller parts; but, 
as the _—— object is to give only a general and comprehensive view 
of the history of Greek sculpture, it seems better to confine ourselves 


to a few great divisions. The student who desires a more extensive 
acquaintance with the subject will find ample information in the 
numerous valuable works that have appeared of late , a8 well as 
in the opportunities that now exist of examining the remains of Greek 


art of all ages which are preserved in the museums of this and other 
countries, The four principal sections into which ancient Greek 
sculpture may be divided are—the Archaic, or most ancient period ; 
the Phidian ; the Praxitelian, which includes the period of Lysippus; 
and fourthly, the age of its decline. 

The First period embraces all the uncertain’age, of which little is 
known but what can be gleaned from the traditions preserved in 
ancient writers. It may be considered to extend to the commence- 
ment of that preat change in the style of art which had its consumma- 
tion in the school of which Phidias was the head. The Second division 
includes the period during which sculpture was ised in the grand 
or sublime style, and during which the scholars of Phidias executed 
their works on the principles which he taught and illustrated. The 
Third period is characterised by a more rich and flowing pe of 
execution, as well as by the choice of softer and more delicate subjects 
than had usually been selected for re’ tation. In this the beau- 
tiful was sought after, rather than the sublime. Praxiteles be 
considered the first sculptor who introduced this more sensual, if it 
may be so called, style of art ; and Lysippus contributed to advance it 
by the peculiar fulness, roundness, and harmonious general effect, by 
which it appears that his works were characterised. The Fourth 
last period in this classification is that of the decline of sculpture; 
when, although the excellence of preceding schools was still itted 
and often maintained, not only no advance was made, but artists were 
frequently led away by the love of novelty of design, or the desire to 
discover some new road to fame or profit, and neglected the means 
which ages of progressive improvement had shown to be the best and 
safest rules of practice. When this was the case, grandeur of style 
will be found to have given place to littleness, and the beauty and 
simplicity of general form and character were lost in individpality and 
minute detail. : 

The remains of Greek sculpture of the Archaic period are in’ } 
to the hg , but they offer few attractions to the lover of t 
beautiful. igid and stiff in action, and rude and inelegant in form, 
the statues and rilievi of the infancy of Greek sculpture have very 
little to di ish them, in these respects, from the earlier attempts of 
other nations. The first step towards a change was in the ai it to 
give action ; and thi8 was soon pore A fresh peculiarities of 
or figure in wad ey vs aa it 1 be observed that there is 
great energy or violence in the general design, with a lumpy or knotty 
character of form. The general proportions of the fuives bie thick in 
comparison with the length of parts. The breasts and shoulders are 
wide and broad, while the hips are narrow. The thighs and calves of 
the legs are large and heavy for the knees and ankles, and the feet are 
long and clumsily The treatment of the head is peculiar in 
the sciilpture of this pa david The eye is usually long and narrow; 
and is slightly raised at the outer extremity. The mouth is open, and, 
owing to a slight curve or elevation at the extremities, has the 
sion of smiling. On the most ancient coins the hair is wiry, the lines 
being Bey and close together, in the apparent endeavour to give 
the effect of the whole by imitating every hair. This was more suc- 
cessfully attempted by executing the hair in masses ; some very ancient 
works exhibit examples of this, where the effect is partially produced 
by small knobs or lumps. At a more advanced period the hair is 
executed in a more minute and careful manner, and with a more pre- 
cise arrangement, combining as it were the particular character of the 
earliest treatment with the more general effect attmepted in the next 
stage of art. In this the hair is brought in nearly straight lines over 
the head, but it terminates in small round curls which are red. 
with great regularity, and sometimes in two or three rows over the 
forehead, extending on each side to the temples and ears. Specimens 
of these modes of treatment occur in the early tetradrachms of Athens; 
in the heads of the figures in the statues found in the island of Augina; 
and in the sculptures found at Selinunte in Sicily, as well as in other 
remains of small bronzes and early coins; and there are many examples 
of it preseryed in the collection of antiquities in the British Museu. 
In male figures the beard, wherever it occurs, is wiry, and exhibits — 
elaborate execution. There isa curious specimen of this in the head 
of a warrior ina group in the Selinuntine marbles above mentioned 
(and of which there are casts in the British Museum), as well as in the 
Aiginetan marbles. The draperies in the sculpture of this early time 
are extremely thin, lying close to the figure (or to the patent in 
reliefs), excepting at the edges of the folds, which.are sharp and 
an ; these are arranged with the greatest precision, opposite folds 
corresponding as nearly as possible with each other, with the edges 
shown, and terminating in a sort of regular zigzag series of lines. All 

ese peculiarities are characteristic of the most ancient, or, as we haye 
called it, Archaic art: and whenever imitations of it have been made 
in later times, these features of action, form, and treatment of drapery 
have been observed. Sometimes portions only of the peculiarities 
above pointed out will be remarked in genuine ancient works, but of 
a later age than that under consideration. The sculptures alluded to 
as A£ginetan offer examples of this; the treatment of the heads being 


characteristic of an earlier age of the art than the rest of the figures. 
This is doubtless to be attributed to a feeling of veneration for the 
older forms and received traditions of personages, such as 


divinities and heroes ; and in this respect obedience to prescription 
marks the Greek as it did the Egyptian and other pe with the 


. 


ai 
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former however it lasted for a limited period only; with the latter it 
led throughout their whole existence. 

The first sculptors whose names are recorded are Deedalus, Smilis, 
and Endoeus. The earliest person called Daedalus was descended, 
ie Sedge ancient traditions, from a royal stock, being grandson 
of king of Athens. He is said to be the first sculptor who 
yentured to separate the legs of his statues. He also was the inventor 
of the saw, the axe, lever, &c. It is impossible to say how much fable 
and exaggeration have been admitted into the accounts of this 
remarkable discoverer ; and it is equally vain to attempt to distinguish 
the inventions of the earlier artificers who bore this name, from the 
i introduced at subsequent times by others so called. 
Daedalus was in all probability a general title, for some time, given to 
any distinguished mechanist or figure-maker, as figures of a certain 

le or character were denominated Dedala (AaldaAa), Pausanias 
(ix. 3, &c.) says “the ancients called wooden figures Deedala;” and he 
adds, that he thinks it likely that the artist was called after the works, 
rather than by his own name; thus making Dedalus a title or 
surname. The same author was shown some wooden statues attributed 
to Dedalus, which he admits were not beautiful, but he says there was 
in them a certain air of grandeur (ii. 4). Smilis wasa native of gina, 
and the son of Euclides. He was said to be contemporary with 
Deedalus, and he made a statue of Juno at Samos. Endoeus was an 
Athenian, and a scholar of Dedalus, and, according to ancient writers, 
executed various important works. Pausanias (vii. 5) speaks of a 
colossal statue in wood of Minerva Polias, which was preserved in his 
time in the temple of Erythre in Ionia. It was a seated figure. 
Other statues by this artist are also mentioned, executed in stone and 
in ivory. 

A mere list of the earlier Greek sculptors can throw little light upon 

the state of the art; more especially when the existence of many of 
_ those whose names are handed down to modern times may fairly be 

uestioned, at least as to the dates assigned to them; and of their 

ill we certainly possess no authentic examples. 

About 869 3.c., Phidon of Argos is said to have struck the first 
money in Greece, in the island of Aigina. Some extremely rude and 
simple coins of that island are extant; the device is a tortoise; and 
from the very primitive style of execution, they are thought not to be 
very remote from the period alluded to. It been supposed that 
the employment of metal for sculpture took place soon after the 
striking of money under Phidon ; and about this time we find mention 
made of statues of brass or bronze. 

g the scul recorded in the annals of art is Gitiadas of 
were works remaining at Lacedemon at the 

of Pausanias (lib. iii. 17). Gitiadas exercised the profession of 
as well as sculpture. lLearchus also, a sculptor of 

Rhegium, is placed about this date. Pausanias mentions a bronze 


The next names of importance that occur in the history of art are 
Rheecus, and Theodorus, to whom sculpture seems to have 
been indebted for various and great improvements. Their reputation 
for skill was so high, and their innovations in the practice of art so 
important,-that they were even called inventors of some branches of 
it, which, however, it is obvious must have been known long before 
they appeared. Such, for instance, was the case with modelling, or the 
art, which Pliny (‘ Hist. Nat.’, xxxv. c. 12), recording without 
examination all that he read, says was attributed to them; though he 
himself declares that this discovery was claimed by or given to 
Dibutades of Corinth. Rhoecus and Theodorus were born at Samos. 
(‘ Paus.’, viii. 14.) There appear to have been two sculptors of the 

name; one the son of Rheecus, the other of Telecles. Rheocus, 


that he was unable to find any bronze work of Theodorus; but 
Pliny alludes to several by an artist of that name. Theodorus, the 
son of Tel , was considered the inventor of an art which was rarely 
exercised by the ancients, that of casting figures in iron. According 
Herodotus, Theodorus engraved the celebrated ring of Polycrates, 
tyrant of Samos. He is also said to have made one of two magnificent 


e king, and from 


It ia conjectured, therefore, that Rhocus, and the first and second 
* lived between 800 and 700 years B.. 

introduction of casting in metal forms an interesting epoch in 
the history of art, and it is to be regretted that our information with 


respect both to time and place, that is, the part of the country in 
which it was first practised by artists of Greece and Asia Minor, is so 
limited. - The fact of Learchus of Rhegium being recorded as one of 
the earliest statuaries would lead to the inference that the art was 
known in Italy before it was adopted in Greece. 

Some antiquaries place Dipenus and Scyllis between 800 and 700 
B.¢.,a date which Flaxman (‘ Lect.’, p. 75. 79) adopts in speaking of 
these sculptors. Others supposed they lived as late as 540 3.0, They 
haye been called the first artists who employed marble for sculpture 
(Plin., ‘ Hist. Nat.’, xxxvi. 4), but it is more likely that the expression 
upon which this opinion has been founded means_ that they were 
eminently distinguished for their skill (which may have been extra- 
ordinary at the time) in working in that beautiful material, They 
were employed by the Sicyonians to make for them certain statues of 
their gods; but we are told that having taken some offence, they 
quitted Sicyon, leaving their work unfinished. The country was soon 
after afilicted with famine; and, upon consulting the oracle, the 
Sieyonians were told that it would cease when the statues of the gods 
were completed. Dipcnus and Scyllis were persuaded to return, and 
they finished the statues ; they were of Apollo, Artemis, Heracles, and 
Athene. Among their numerous scholars we find Learchus of 
Rhegium, which will account for the earlier date that is assigned 
them. They are also called the masters of Tecteus and Angelion, 
Doryclidas, Dontas, Medon, and Theocles. (‘ Paus.’, ii. 32; iii. 17, &c.) 
Dipeenus and Scyllis were considered the founders of the school of 
Corinth. 

From the earlier time of which mention has been made, down to 
about 550 B.c., there probably was little change in the style of sculp- 
ture, although great improvement in execution or mechanical power 
doubtless extended the extensive practice which the growing admira- 
tion of art occasioned. In a country in which all the efforts of genius 
were justly appreciated, sculptors, who were called upon to represent 
the most exalted objects, were likely to exert themselves to the utmost 
to arrive at perfection ; and the remains of art afford sufficient evidence 
that from the time alluded to, that is, between the 6th and 7th cen- 
turies before our era, when the first difficulties had been surmounted, 
the advancement of sculpture was rapid and uninterrupted. 

It is not necessary to give a mere list of names of the artists who are 
supposed to have lived to this time. So much that is uncertain is 
mixed up with the notices of them that are found in Pliny, Pausanias, 
and others who refer to them, that the inquiry into their personal 
history would rather impede than advance our. present object. 

Up to the period at which we are now arrived, sculpture seems to 
have been i most generally and successfully in the Greek 
colonies of Asia; but the consequences of the revolt against Darius, 
the son of Hystaspes, were utterly destructive to their further progress. 
Many of the temples were burnt by the Persians, and the inhabitants 
were carried to distant places, or were reduced to a state of slavery. 
But as art fell in Asia, it acquired vigour in Europe, and the artists of 

ina, Sicyon, and Corinth diffused the principles of good taste and 
the knowledge of art throughout neighbouring countries ; a feeling for 
a grand style of sculpture was soon exhibited wherever any opportunity 
occurred for the practice of the art. It is interesting to be able to 
refer, in illustration of the character of the art at this time, to some 
undoubted remains of sculpture of a period certainly not very remote 
from that under consideration. These consist of eleven statues which 
decorated the western and five statues tltat stood in the eastern pedi- 
ments of a temple in the island of A%gina, where they were discovered, 
in the year 1812, by some English and German travellers. An account 
of them, with a detailed notice of their style of execution, is given 
under AicrneTaN ART. 

The Selinuntine marbles, so called from their having been found at 
Selinunte, on the site of the ancient Selinus, in Sicily, are very curious 
examples of early art. They consist of fragments of marble alti-rilievi, 
and seem to have formed part of the decoration of two temples, of which 
traces still remain. There are some peculiarities about these sculptures 
which are characteristic of two different styles of art. Those which 
belonged to one (distinguished as the Eastern) temple, have many 
points of close resemblance to the style of the Archaic (A%ginetan) 
school, while those of the western temple appear to have come either 
from a more barbarous hand, or to be of 2 much earlier date than the 
others. Without haying the sculpture to refer to, it is difficult to 
explain in what these peculiarities consist, but a comparison of “what 
remains of a head of Athene, and that of a dying or wounded warrior, 
with some others of the collection, will suggest the inference we have 
yentured to draw. The head of the dying figure closely resembles (in 
character) that of the warriors in the marbles of Algina; in the other 
figures there is a greater resemblance to the full overcharged forms 
described as characteristic of the very earliest art, and approaching 
indeed in some degree to the works of the Egyptians. At a later 
period than that to which these sculptures may be referred, the artists 
of Aigina were invited by the tyrants of Sicily to execute works in 
that country. It is highly probable, therefore, that in more remote 
times, and when art was still less known or practised there, forei 
artists should have been employed in furnishing the decoration of the 
temples of newly founded cities. These artists would be the most 
esteemed of the time, and the rising school of Augina would doubtless 
take a high rank amongst them. Joined with these, or probably 
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working under them, the natives of the country might also have con- 

tributed their ruder efforts towards the same important object, and 

this would sufficiently account for the difference referred to with 
to the style and treatment of the various works. 

From about 500 B.c, the succession of the great sculptors of Greece, 
and the changes that each master and his school effi in the style of 
- art, can be traced with tolerable accuracy. Sicyon and 2gina were the 
most celebrated schools of sculpture, and unrivalled for the high 
quality of their bronzes. After Callo, or Callon, a sculptor whose 
date is very uncertain, the A®ginetan artists of the greatest celebrity 
seem to be Glaucias and Onatas, These artists were much employed 
by Gelon, the tyrant of Syracuse, and his successors. Onatas, the 
scholar of Tectwus and Angelion, enjoyed a high reputation, and, 
judging from the numerous works which Pausanias (lib, vi., viii. ix., 
x.) attributes to him, must have had very extensive employment. 
This writer speaks of a colossal statue in bronze of Apollo, which was 
at Pergamus, the work of this sculptor ; likewise a statue of Ceres, 
which he made forsthe Phigalians. There were also several works of 
Onatas at Olympia. One was a colossal bronze figure of Heracles, 
placed there by the Thasians. For the pes of Pheneos he executed 
a statue of Hermes, dedicated also at Olympia. In this work he had 
the assistance of Calliteles, who was his scholar, and probably his son. 
(Paus., v. 27.) Onatas and Calamis worked together on a chariot and 
accompaniments, which was dedicated at Olympia, after the death of 
Hiero, king of Syracuse; and in another great work described by 
Pausanias, we find Onatas associated with Calynthus, showing that it 
was not unusual, nor considered derogatory to either, to secure the 
talents of various artists in one work. According to the above» 
mentioned writer, Onatas was a painter as well as statuary. His per- 
formances spoken of in this branch of art were executed for the 
Platwans: one of his pictures, with a work by Polygnotus, was pre- 
served in the temple of Athene Arma, (Paus., ix. 4,5.) Sculpture was 
now rapidly approaching towards the perfection which it attained under 
Polycletus and Phidias ; and an event occurred in the 5th century 
before the Christian era, which tended to accelerate this progress. 
This was the disastrous termination of the expedition’ of Xerxes 
against Greece. The failure of this vast undertaking showed the 
Greeks their own strength, while it also exhibited to them the immense 
wealth of the invaders, and placed in their hands the means of effect- 
ing the most costly improvements and decoration. It was customary 
in Greece to dedicate a tenth of all spoils gained in battle to the service 
of the gods; and that proportion of what was obtained from the 
Persians was, as a matter of course, appropriated to that purpose. Its 
value svas expended on the construction of magnificent temples, en- 
riched with sculpture and painting, and ornamented with vases, tripods, 
shields suspended as trophies, and every variety of decoration. The 
Persians, in their invading march, had destroyed every temple that 
they met with; but after their retreat and disgrace, they were all 
restored with increased magnificence. The ample employment thus 
afforded for their talents, and the high purposes to which their works 
were destined, excited a noble spirit of emulation among the artists, 
whose minds seemed to expand with the greatness of the objects 
required of them. 

The gradual improvement of style in art, from the Archaic period, 
and through the early A®ginetan and Athenian schools, is traced by 
vome of the ancient writers. “The works of Callon,” Quinctilian says 
4 Orat. Instit.,’ xii. 10), “with those of Hegesias, are hard, and ap- 
proached what was distinguished as the Etruscan manner. Calamis 
was less rigid, and the style of Myron, who followed, was still more 
softened.” In Cicero we find a still more extended list, and a con- 
firmation of the quality of improvement down to a contemporary, as in 
the above instance, of Phidias, the great master of sculpture. He says 
that statues of Canachus were more rigid and hard than was agreeable 


to the truth of nature, Those of Calamis were also hard, but still they | pi 


were of a softer character than those of Canachus; nor were the works 
of Myron close enough to nature, though there could be no doubt that 
they were very beautiful; but the productions of Polycletus, he adds, 
were still more beautiful, and were truly perfect. (Cic., ‘ De Clar. 
Orat., c. 18.) 

The history of the progress of sculpture in Greece has now been 
carried — the earlier schools, into a period at which it may be 
considered to have reached its perfection, as far, at least, as 
principles on which it was practised. The chief sculptors of this age 
were Hegias, Pythagoras, Ageladas, Myron, Polycletus, Phidias, Alca- 
menes, and others, Hegias, Egesias, or Hegesias, has been noticed 
among the sculptors of an improving class, but whose works still gave 
indication of belonging to the Archaic time, 

a hes at least three statuaries of the name of Pytha- 
goras, but although allusion is made in ancient writers to artists so 
called of Samos, Rhegium, and Paros, it a pears probable that there 
were only two of very high i sca os he most celebrated was a 
native of Rhegium, and the scholar of, or, more correctly speaking, of 
the school of Clearchus. (Paus., vi. 4.) He exeouted, among other 
works, several statues of conquerors in the public games, and he 
eminently contributed to advance the character of sculpture by his 
success in giving expression to his statues. Till hix time this quality, 
80 indispensable to excellence in art, eine to havo been litle thought 
of. A work by him is particularly alluded to for its excellence in 


the | productions were in existence when, even comparatively 


Ageladas holds a distinguished rank among the scul 
not only from the quality and number of his works, 
circumstance of his having been the master of the three most eminent | 
artists of the brightest period of sculpture, namely, Myron, Polycletus, * 
and Phidias. He was a native of Argos. There is some reason to think 
that there were two sculptors of this name, Pausanias (iv., vi., vii., 
and x.) alludes to various statues by Ageladas. He seems chiefly to. 
have worked in bronze. 

Myron was a native of Eleutherw, according to Pliny (‘ Hist. Nat.,’ 
xxxiv. 8), or an Athenian, according to Pausanias (vi. 2, &c.). There is 
no artist of antiquity who is mentioned more frequently or more 
honourably than Myron, and it is scarcely possible to believe that 
such universal praise would have been accorded if his works had not 
fully deserved it. It is unfortunate that no known uction from 
the hand of this distinguished artist has reached our times. The only 
work of which any judgment can be formed is his famous statue of 
a Discobolus, Various copies of this figure are believed to exist. 
The best is in the Palazzo Massimi in Rome. The Discobolus, in 
marble, in the collection of sculpture in the British Museum (see the 
article Discus), is also believed to be a copy from the same celebrated 
original, A mere list of the works of this sculptor is unnecessary in 
this place. The chief of them are noticed under Myron, in the Broa, 
Div. The peculiar characteristic of the sculpture of Myron seems to — 
have been expression. Petronius, in spite of Pliny’s assertion, leads 
us to believe that this was the great excellence of Myron; he says, 
“Myron qui pene hominum animos ferarumque wre ¢@: 3 
With respect to his style, it seems probable, from some remarks of 
Pliny, that his works still exhibited certain peculiarities of treat- 
ment that belonged to a ruder age, though he gives him the 2 
praise of superiority, in some to Polycletus, He says 
introduced more variety into his figures, for this seems to be the true 
interpretation of the expression of above writer. “Primus Myron 
multiplicisse varietatem videtur, numerosior in arte quim whee || 
&e. (‘ Hist. Nat., xxxiv. 8.) The works of Myron were } 
executed in bronze. He used that which was made at Delos, while hie 
rival Polycletus preferred that of A2gina. Though chiefly celebrated 
for his productions in this material, he worked also in marble, and a 
statue is mentioned by him of Hecate, made of wood. (Paus., ii. 30.) 
Myron had a son called Lycius, also a distinguished sculptor, 

Polycletus of Sicyon was one of those who eminently contributed to 
Paik art, and to carry sculpture to ection in what has been 
called the sublime style. In one e is said to have been sup 
rior to Phidias himself; inasmuch as he was considered to have 
to perfection the Zoreutie art, which Phidias had only, as it were, 
commenced. Polycletus was the author of that perfect rule of pro- 
portion called, by way of distinction, the Canon of art. [PoLycietus, 
in Broce. Drv.] 

The name of Phidias completes, or rather crowns, this list of the 
originators of the highest style of pies rhs {Parpras, in Broa. Dry.)} 


ceptible of the most pure and elevated feelings, there can be no 

question, and this doubtless was the effect produced by the awful 
deur of this far-famed statue. Panegyric has almost been ex- 

feieked fa recording the merits of this sculptor ; but there is 

to doubt the justness of the honour paid him. Many of 


were living, so that the accounts that have come down to us 
merely the repetitions of unsupported or unproved traditionary en- 
comium. The statue of Lag a ape Zeus was existing till the year 
475 of our era. It was then destroyed by fire at Constantin 
whither it had been transported by the emperor Theodosius the 
Unfortunately no remains of the ter works of Phidias have reached 
our times; but we have oinittaan opportunity of j of his 
excellence, from the sculptures which, under the title of the Elgin 
Marbles, form a part of our national collection of antiquities. There 
is no doubt that these are the productions of this great artist ; ka 
of them probably from his own hand, and all executed under 
immediate direction. They formed part of the decoration of the Par- 
thenon at Athens, of the building and 
enter dn. the jou consist of the statues and 

er ese 0 and groups 
which were placed in the pediments of the temple ; of several metopes, 
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in alto-rilieve ; and of a considerable portion of the frieze of the cella, 
in basso-rilievo. [Eucin Marsies; Avro-Riticvo.] 

The perfect acquaintance which the best sculptors of this time had 
with the anatomy and character of animals is worthy of remark. The 
skill of Myron has already been alluded to. The horses in the Elgin 
Marbles are admitted by competent judges to be representations of 
the finest and of the best blood. The commonest observer is 
struck with their spirited and at the same time graceful action. In 
short these works may be studied with advantage for every quality 
that sculpture should possess ; for truth, beauty, expression, and com- 

ition, united with the purest style and most masterly execution ; 
and they may justly be considered the finest specimens of ancient 
are known to exist. 

Tt may be as well to offer in this stage of the history of the art some 

ions upon the combination or mixture of materials in sculpture. 
The custom of using a variety of materials for the different parts of 
statues, as marble, or stone, or wood for the heads, hands, and feet, 
and metal for the draperies and accessories, was very general throughout 
Greece and Asia Minor from a very early period; and although it 
tnilitates against the received notions of a pure taste, the practice was 
in full force during what has always been considered the best period of 
art, namely, the age of Pericles and Phidias. Nor was this mixture of 
materials the only interference with the simplicity which some have 
supposed a principle and essential quality of Greek art. The hair of 
le statues appears in some instances to have been gilt, and even 
colour was added to heighten effect. The background of works in 
rilievo was frequently painted blue, remains of which may still be 
ome tee mrad ancient works. (Kugler, ‘ Polychromie, &c.; Millin- 
gen; Miiller. - 
occasional practice of introducing eyes of silver, glass, or paste, 
has already been alluded to in the introductory part of this essay, in 
i incidentally of Polychromic and Polylithic sculpture. The 
injurious effect of this introduction of gaudy and sparkling foreign 
substances upon the higher qualities of any work, such as its com- 
position expression, seems to be beyond dispute. It may be 
of in wax figures, and in some of the richly dressed and elabo- 
worked and ornamental imaages in Roman Catholic churches, 
and in Hindu temples. No arguments, even when supported’ by the 
authority of ancient practice, ean render such works otherwise than 
disagreeable as imitative art to any but vulgar minds, An artist of 
or power might possibly so treat his work that its expression, 


the beauty and of its forms, and the scale on which it is 


case of tenths of 


painted, and even golden shields were suspended over the architraves 
, it was natural to expend a liberal portion of enrichment on 

statue of the iding divinity. This opinion receives some sup- 
port from the fact that the practice seems to have been almost if not 
discontinued as the taste for art for general purposes increased. 
When we read of exquisite productions by Praxiteles, in marble, or 
in bronze, there is no mention of works executed at the same 


Lysi 
and in richer materials. 


) 

So oe Sey sculpture seems to have been a branch of what the 
ancients heme ine’ Lo Sentiae eee a been 
satisfactorily explain: ‘Le Jupi lympien,’ par Quatremére 
de Quincy, hare several opinions are collected; also ‘ Archiiologie der 
Kunst,’ by Miller; Millingen, ‘ Ancient Inedited Monuments,’ &c.) It 
was probably used to describe sculpture in which metal, which was 
worked or p trey was combined with other materials, vy says 
Polycletus brought the art to perfection. (‘ Hist. Nat.’, xxxiv. 8.) 

ARTS AND SCL. DIV, VOL, VIL : 


The ancient writers do not furnish any particulars as to the mode of 
executing these colossal works in materials which sometimes, as in the 
case of ivory, could only have been supplied in comparatively small 
pieces. Pausanias (v. 15) tells us that an edifice called the workshop of 
Phidias, near to Altis, was pointed out to him. It was there, he says, 
that the sculptor worked each of the parts of the Olympian Zeus. In 
addition to the original cost of these productions, there seems to have 
been great care necessary to preserve them. The Olympian Zeus was 
surrounded by a groove or channel of black marble containing oil. 
The object of this was, first to supply the necessary quantity of 
moisture to preserve the ivory ; and secondly, to secure the work from 
damp, as the Altis was situated on marshy ground. Means were also 
adopted at Athens for preventing injury to the ivory parts of the 
Athene, from the too dry situation of the Acropolis. We are told that 
the statue of the Olympian Zeus was out of repair very soon after its 
completion; and the fact of the Phedruntz being established to take care 
of the work, is a proof of its liability to accident. Pausanias mentions 
a remarkable circumstance connected with the persons appointed to 
this duty. It had been entrusted to the descendants of Phidias, and 
he says that it was in the same family in his time. 

The scholars and followers of Phidias were Agoracritus of Paros, 
Alcamenes of Athens, Colotes or Colotas, Peonius, and others. The 
first two deserve notice for the celebrity of their names and works. 
Agoracritus was the favourite scholar; Aleamenes, judging from the 
accounts left of him, the most able artist. He was considered second 
only to his great master; and one author, alluding to the progress made 
in sculpture, even classes him with Phidias, saying, that what was 
wanting in Polycletus was to be found in the works of Phidias and 
Aleamenes. (Quinctilian, lib. xii., 10.) 

The sculptures of Phigalia, consisting of a series of alti-rilievi, repre- 
senting the battle of the Lapithz and Centaurs, and of the Greeks and 
Amazons, are of this age. The temple of which they formed part of 
the interior decoration was built by Ictinus, the architect, under 
Phidias, of the Parthenon ; and from the style which pervades them, 
there is every reason to think these compositions proceeded from the 
same source as the sculptured portions of that edifice. The inferiority 
of their execution may be easily accounted for by supposing the work- 
ing out of the designs of the master to have been left to the scholars 
or inferior artists. These interesting remains have already been more 
particularly described. [Paraattan Marsies.) The original sculp- 
tures are preserved in the British Museum. 

The influence of Phidias continued to be felt for some time. Art 
had gradually been relieved from the dryness and hardness of the 
Aginetan school, and Phidias*produced out of it the grand character 
which marks his period; but it appears there was still remaining a 
severity both in the forms and in the treatment, in the works of some 
of the artists of this school, which it was left for a sculptor of a suc- 
ceeding age to remove. This change, which stamped the character of a 
new school of sculpture, was effected by Praxiteles. 

When the restrictions which originally confined sculpture to religious 
purposes and prescribed forms had once been disregarded, and the art 
was applied to represent objects of general beauty and interest, it 
rapidly underwent changes ; and the sculptors of the period which we 
are now considering, that is, at about 350 B.c., succeeded in introducing 
an entirely new quality of art. The grand, the sublime, and the 
severe, gave way to the soft, the flowing, and the graceful. At the 
head of these innovators was Praxiteles. He worked in bronze and in 
marble; but his most beautiful and admired performances were pro- 
bably in the latter material, in the working of which he exhibited the 
greatest skill, and in which he is said to have introduced esses 
unknown to his predecessors. [Praxrrenes, in Broa. Div.] He is 
supposed to be the first sculptor who ventured to make a statue of 
Aphrodite entirely naked : all statues of female divinities were anciently 
draped. (Millingen, ‘Monuments,’ x. p. 7.) Such an innovation was 
considered extremely indecorous; but it was excused in this instance, 
on account of the beauty of the performance. Subsequent artists, 
desiring to reconcile a mode of representation so favourable to the pur- 
poses of art, with the prejudices still existing in a degree in matters 
pertaining to religious personages, seem to have adopted a middle 
course, as is seen in the two statues of Venus called of Capua and of 
Melos. (‘Museo Borbonico;* ‘Galérie du Louvre.’) In these the 
forms are left entirely naked down to the middle, from whence 
rich drapery falls to the ground, covering all the lower portion of the 


The next name of importance, as the leader of a new school, is that 
of Lysippus of Sicyon. The reputation of this artist, is not inferior 
to that of any sculptor who preceded him. He appears to have worked 
exclusively in bronze; and, according to Pliny, executed as many as 
six hundred and ten works. |Lysrerus, in Broa. Drv.) A colossal 
statue at Tarentum by him is much distinguished. Lysippus was the 
favourite sculptor of Alexander the Great, and had the exclusive privi- 
lege of making statues of him. A long list of works by Lysippus is 
furnished by Pliny, Pausanias, and other writers. He is said to have 
paid great attention to the treatment of hair, and to have intro- 
duced an improvement in yo ion, making the heads of his figures 
smaller than his predecessors done. He doubtless observed that 
his figures gained in elegance and effect by taking this liberty; for a 
saying of fis is recorded, “ They (the older sculptors) made men as 

co 
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they were; he represented them as they appeared to be.” This seems 
to be a paradox; but it is not so, and its meaning and the value of the 
principle are quite intelligible to artists, It shows that Lysippus con- 
sidered that very minute detail and close mechanical copying should 
be made subservient to general effect. Lysippus left several scholars, 
three of whom, his sons Daippus or Laippus, Bedas, and Euthycrates, 
are mentioned amongst the most eminent of his successors. The last is 
said to have imitated the firmness, or the austerer parts, of his father’s 
ey rather than his more elegant and pleasing qualities. “ There- 
lore,” says Pliny (‘ Hist. Nat.” xxxiv. 8), “he succeeded admirably in 
a statue of Hercules at Delphi,” &c. There is a fine bronze statue of 
Hercules in the Townley Gallery in the British Museum, which has 
every indication of being of this school. 

The perfection of sculpture seems to have been attained under 
Praxiteles and Lysippus. They were contemporary, and each effected in 
his way what was alee wanting to its completion. It is believed that 
there are imitations of some of the works of Praxiteles in the various 
modern collections of sculpture. Among these are the Sleeping Faun, 
at Munich; the Cupid of the Vatican, at Rome; statues of Venus, 
believed to be copies of the far-famed Venus of Cnidus; and the Apollo 
Sauroctonus, at Rome. 

The death of Alexander the Great (324 B.c.) was followed by the 
dismemberment of his vast empire. The arts suffered in some measure 
by these divisions and contentions; but it is difficult to assent to 
Winckelman’s opinion, that after the death of that prince there was 
nothing left except a class of mere imitators. Each of the artists above 
mentioned left numerous scholars, who still preserved the high cha; 
racter of sculpture by their own successful practive. Among the most 
distinguished of these sculptors are Cephisodotus and Eubulus, the 
sons of Praxiteles; Pamphilus, his scholar ; the before-mentioned Daip- 

us, Bedas, and Euthycrates, the sons, and Tisicrates, the scholar, of 

ysippus (the works of the latter are said to have been so excellent 
that they were often mistaken for those of Lysippus himself); Xeno- 
crates, wlio also wrote a treatise on his art; Chares, the Lyndian, the 
author of the famous Colossus of Rhodes ; Dameas, Eutychydes, and 
Pheonix. Hermocles of Rhodes is mentioned as having been employed 
by the earlier Seleucide. Isigonus, Pyromachus, and Stratonicus 
illustrated by their art the victories of Attalus and Eumenes over the 
Gauls; and the Ptolemies also for a time were protectors and patrons 
of artists. To the above names many others might be added, sufficient 
both in number and talent to warrant the belief that sculpture was not 
only still encouraged and practised on the best principles, but that 
there were artists living quite capable of aiding its progress by their 
own genius. The assertion therefore of Pliny (xxxiv. 8), that from 
the 120th to the 155th Olympiad the art was almost extinct, seems 
utterly groundless. To this or about this period antiquaries have 
attributed some of the most interesting remains of ancient sculpture 
that have reached our times. Amongst these may be noticed the 
well-known statue of the Hermaphrodite, at Paris; the fine fragment 
called the Torso of the Belvedere, at Rome; the Hercules, called the 
Farnese, at Naples; and the statue called the Fighting Gladiator. To 
these some have added the group called the Toro Farnese, at Naples, 
representing Dirce, Zethus, and Amphion with the bull, and even the 
group of Laocoon and his sons. 

The fatal blow to the existence of the arts in Greece was given by 
the success of the Roman arms. Lucius Mummius had been sent by 
the senate against the Achwans. He engaged the Greek army near 
Corinth, the principal city of the famous Achwan League, and com- 
pletely defeated it. The city was immediately devoted to destruction, 
and sacked by the conquerors. The Romans carried away from this 
celebrated seat of the arts, as well as from the other cities of Greece 
which fell into their hands, the greater part of the fine productions 
both in painting and sculpture, which had been accumulated for cen- 
turies. These were forthwith transported as spoil to Rome, which 
became filled, for the first time, with the most splendid monuments of 
Grecian taste and genius. This event occurred in the 158th Olympiad, 
or 146 B.c, Athens, which may be considered as the great centre of 
art, and the favourite asylum of the most distinguished artists. of 
Greece, had suffered a variety of fortune since the time of Pericles, 
when her glory may be said to have been at its zenith, Her political 
importance declined from about that period, but she still seems to have 
maintained a character as the abode of literature and of art long after 
her political influence was at an end. At length she was doomed to 
share, in full, the calamities and humiliations to which other Grecian 
cities had been subjected by the victories of the Romans. Having 
vainly endeavoured to impede the progress of the Roman army into 
fireece, Athens had to submit to what she might fairly consider a 
barbarian conqueror, In the year 86 B.0, she received as her master 
the haughty and unrelenting Sulla. The history of ancient sculpture 
in Greece may be said to close at this time. After the establishment 
of the Roman empire, the Greeks no longer had either the higher 
inducements or the means to carry on the exercise of the arts in what 
may be considered their native country; and their professors were 
~lriven to seek employment and an asylum among their conquerors, 

The greatest influx of Greek artists into Italy occurred when 
Augustus had obtained the sovereignty, though earlier than this 
period there had been some efforts made by individual Romans to 
introduce a taste for art among their countrymen. A slight general 


view of what had been effected in this respect, or rather, of the means 
used to effect this end, will not be out of place here, as introductory 
to the examination of what has been called Roman sculpture; but the 
art never appears to have been naturalised among this people, and, as 
will be seen, it was always rather an exotic in Rome, nursed and 
tended by its own natural cultivators, Greek sculptors, than a growth 
brought to any perfection by the — in whose stranger soil it had 
accidentally, and almost forcibly, been planted, 

Roman Sculpture.—It is not easy to determine when the Romans 
began to pay attention to the arts of painting and sculpture. For a 
long period they were too much oceupied in insuring their safety and 
strengthening and extending their state, to think of arts which they 
could then only have looked upon as unworthy of a warlike people, 
Their first public monuments were doubtless trophies. The trunk of 
a tree, stripped of its branches, and bearing the arms of the vanquished, 
proclaimed the achievement of the victor, and at the same time incited 
the young Roman to exertion in his country’s cause. The- sc 
mentioned as existing in Rome at a very early date was, there can be 
no doubt, of foreign growth, the production of their neighbours the 
Etrurians ; and the celebrated she-wolf still existing in the Capitol, one 
of the most ancient and interesting monuments, whether considered 
historically, or as an example of early bronze sculpture, may fairly be 
attributed to that people. 

It is recorded that after the victories of Camillus and Menius over 
the Latins, equestrian statues were erected in Rome in their honour. 
This was above 350 years before our era, or about 400 years after the 
building of Rome. the 3rd century B.C, one of the Fabii devoted 
himself to the arts, and acquired, from his success, the surname of 
Pictor. Pliny (‘ Hist. Nat.,’ xxxv. 4) says that he decorated with his 
paintings the temple of the goddess of Health at Rome, and that the 
pictures existed in his time. A bronze statue of Apollo, made out of 
spoils taken from the Samnites, is said to have been dedicated in the 
Capitol about this period. After the conquest of Syracuse by Marcellus, 
Rome became enriched with the spoils which fell into the hands of the 
victors. The reply of Marcellus, when he was accused of rapacity for 
stripping the conquered city of its works of art, is remarkable; he 
declared he had at it in order that the public edifices of Rome 
might be ornamented, and also to introduce among his countrymen a — 
taste for the arts and elegance for which the Greeks were so distin- 
guished. The power and greatness of Rome were now being extended 
in all directions ; and, by some caprice of fancy, generated probably by 
the facilities that were offered for its gratification, it became a rage to 
collect specimens of sculpture. Notwithstanding the rtunities 
thus offered for acquiring some knowledge of the beauties of art, from 
the mere habit of having the most exquisite examples of sculpture 
brought before them, it does not appear that decided taste dis- 
covered itself till about 86 years B.c. Sulla, in his victorious march 
through Greece, destroyed several of the most ificent temples and 
monuments of that country; but he also coll a great quantity of 
spoil, which he forwarded to Rome, and which consisted chiefly of the 
fine works which were preserved in the temples of adorned the public — 

This enormous accumulation of such objects seems at L 
to have aroused in the Romans some feeling of admiration favourable 
to the existence, at least, of art in their own country, The fashion, or 
rather passion, to form collections at any price increased. Verres is 
handed down to posterity among the most zealous and at the same 
time the most lawless of dilettanti; but the character of the works he 
possessed, several of which are mentioned by Cicero in his celebrated 
orations against the rapacious praetor of Sicily, gives him a claim to be 
considered fully capable of appreciating excellence in art. The means 
that he adopted for gratifying his taste merit the severest condemna- 
tion ; but he probably preserved from neglect and destruction many of 
the most valuable monuments of sculpture. 

In the last century before Christ various sculptors of distinguished 
name were resident in Rome, or were practising their art in other 
of Italy. Among these may particularly be mentioned Pasiteles, 
Arcesilas or Arcesilaus, the author of a group of boys with a lioness; 
Saurus and Batrachus, Strongylion, Olympiosthenes, and Evander, 
Arcesilaus was much employed by Lucullus, Strongylion is honour- 
ably mentioned for a fine statue of an Amazon, so beautifully formed 
in the legs that it was called Euenemos. He also made some statues 
of Muses; and Pausanias, who alludes to them, adds he was most 
skilful in his representations of animals, Olympiosthenes also executed 
three Muses, Pliny speaks in the highest terms of the merit of 
Pasiteles, He became a Roman citizen, and among his works is men- 
tioned a statue of Jupiter, of ivory, which was placed in the temple 
(ede) of Metullus, It is to be regretted that a oye Nah of thi 
artist, mentioned by Pliny, no longer exists. He says, “ Pasiteles wrote 
five volumes containing descriptions of the most remarkable works in 
the whole world.” Such a record from an artist of the character of 
Pasiteles would be a treasure, ’ 

Among other fine works in sculpture which are supposed to have 
been produced in the earlier part of this period, may particularly be 
mentioned the statue known as the Germanicus of the Louvre. It 
doubtless is intended for a figure of a Roman: but it seems to be 


agreed that it cannot be a portrait of the prince whose name it bears, 
but is of an earlier date. On the pedestal, immed: under the 
| falling folds of the drapery, is a tortoise, As this animal was sacred 
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to Mercury, the god of eloquence, Visconti conjectured that the 
statue might represent some distinguished Roman orator. A Greek 
i declares it to be the work of Cleomenes, the son of 
Cleomenes the Athenian; a name distinguished among those who 
illustrated Greece during the prosperous times of sculpture. The 
names of Apollonius of Athens, and of Glycon, also an Athenian 
(the rs, according to the inscriptions on the works, of the 
cele! Torsoand of the (Farnese) Hercules), do not occur in 
Pausanias ; which has occasioned a doubt whether they had executed 
works remaining in Greece in the time of that writer. They 

are tt tv have lived in the century before our era. 
Julius Cesar gratified his taste for the fine arts by collecting statues, 
gems, and similar objects. His patronage extended itself even to 
remote places, and he not only embellished Rome, but many cities of 


Gaul, Spain, Greece, and Asia Minor participated in the advantages of 


given to the encouragement of sculpture by 
e caused all the finest works that could be procured to 
be collected, and he had them placed in the public places of Rome. 
He is also said to have removed the statues of illustrious men from the 


of Rome. The Pantheon is a monument of the taste and princely 
liberality of a Roman citizen. Agrippa employed an Athenian sculptor, 
ealled Diogenes, to enrich this temple. Pliny particularly alludes to 
some Caryatides by him, as well as to some figures in the pediment or 
front ( fastigio); but these Pliny (‘ Hist. Nat.,’ xxxvi. 4) says produced 


less effect, owing to the height at which they were placed. It is 
recorded that Agrippa constructed some aqueducts, which he decorated 
with three hb statues in bronze and marble. During the age of 


Augustus the names of many very distinguished artists occur. Among 
them, Vitruvius, the architect, Posidonius, a native of Ephesus, and 


the celebrated Dioscorides, the e' ver of 8, may be particular! 
e ogra’ gem y Se par 'y 


The good effect of the example of Augustus seems to have been long 
felt in Rome, though it does not appear that Tiberius contributed 
e or nourish a taste for art. A circumstance however 


removed to his own palace; but the dissatisfaction of the people was 
#0 great, and their indignation at the emperor's depriving them of what 
they considered public property so violently expressed, that Tiberius, 
fearing a revolt, ordered the favourite statue to be replaced in its 
on. 
or fatigue had works of art brought to Rome from Greece, but it does 
not appear that he had any admiration of them as objects of beauty or 
as memorials of an enlightened people, but rather that he considered 
them as means of ing his vanity. He ordered the heads 
of the gods and illustrious men to be struck off their statues, and 
own to be substituted. This paltry ambition, which could be 
exercised at a cheap rate, accounts for the mutilation of many statues 
po fc raccomares darlene deg ke scary a totally different character 


Caligula is recorded as the first emperor who was of this species 
of sacrilege ; he appears to have been Titeved % 


: 


b 

— or b of this emperor are extremely rare. The rei of 
laudius and of Neto at Seek guve ‘ =X 

arts; the latter emperor required 

which he constructed on the Palatine Hill; and although the vast 

already been procured from Greece would 


This may be considered the period at which the introduction of 
variously coloured marbles in statues became the fashion in Rome. 
The Roman polylithic sculpture differed in some respects from that 

ised by the Greeks. The Roman mode was to imitate the 
stuffs of which real draperies were composed, as well as the 
E dressings of the figures, with marbles (usually Orienta 


alabasters, &c.) closely resembling them in colour. The Greeks 
oceasionally used different materials, not often marbles, for this 
purpose; but not with the intention of imitating the particular colour 
or texture of the object represented. The Romans carried this so far 
as to express, in white and dark marble, the colours of the eyes in a 
statue, in black marble, of an Ethiopian. More than one example of 
this may be seen in the various collections of ancient statues. The 
reigns of Otho, Galba, and Vitellius were too short and too disturbed 
to give those emperors time or opportunity to encourage sculpture. 
Otho ordered a large sum, ninety millions of sesterces, to be appro- 
priated for the completion of the Golden Palace of Nero. Busts of 
these emperors are extremely rare. There is one of Vitellius in the 
Museum of the Louvre, of very high merit; but most of the portraits 
of this prince have been considered modern. 

Vespasian, Titus, and Domitian encouraged sculpture. Titus erected 
two statues, one of gold, the other equestrian, of ivory, in honour of 
Britannicus, the son of Claudius, who was poisoned by Nero, (Suet., 
‘Tit., 2.) Statues of Domitian are rare, in consequence of the order 
issued by the senate, after the tyrant’s death, that all statues of him 
should be destroyed. : 

But little now occurs in the history of sculpture worthy of notice 
till the time of Trajan. The taste and energy of this prince reani- 
mated the arts both in Greece and Italy. Zeno of Aphrodisias was a 
sculptor of this time. The column of Trajan is an interesting monu- 
ment of the art in the latter part of the Ist century after Christ. The 
reigns of Trajan, Hadrian, and the Antonines may justly be accounted 
the golden age of sculpture in Rome; though even then it is probable 
that the art was little practised by native artists. In Hadrian especially 
the arts found a munificent protector. He restored many of the ancient 
temples which were falling to decay; he erected others in a style 
worthy of the best ages of the art; and, among other public-spirited 
undertakings, completed the temple of the Olympian Zeus at Athens. 
Among the enrichments bestowed upon it was a statue of Zeus in gold 
and ivory, several other works placed there by Hadrian, and finally a 
colossal statue of the emperor himself. The scale of magnificence in 
which this prince indulged may be estimated from the remains of his 
celebrated villa near Tivoli, about eighteen miles from Rome. It was 
embellished with all the finest works that could be procured, whether 
the productions of ancient Greek artists or of those of his own time. 
Some of the most interesting and valuable remains of antiquity have 
been discovered there ; and even at the present day every fresh exca- 
vation that is made among these ruins restores to the world some 
object of interest. Some of the ptian superstitions having been 
introduced into Italy about this time, they were mixed up with the 
existing forms of worship, and the gods of the Nile were admitted 
among those of the Romans. The example of the capital was soon 
followed by the smaller communities; and, as the new worship was 
extended over the whole empire, a great.demand arose for statues, and 
other symbols of Egyptian deities and ceremonies. The imitations of 
Egyptian figures and subjects which are found in Italy, and which 
particularly abounded among the ruins of Hadrian's villa, may be 
assigned to this period. 

The numerous specimens of sculpture of the time of Hadrian that 
are preserved in modern collections are evidence of the high state of 
the art. The statues and busts of himself, and of the emperors who 
immediately preceded and followed him, as well as the portraits of 
Antoninus and Lucius Verus, exhibit qualities that would do honour 
to the best ages of Greek sculpture. There are two statues of Antinous 
in the museum of the Capitol, one treated in the Greek style, entirely 
naked, and the other with Egyptian attributes, which are particularly 
worthy of notice for the simplicity and beauty united with grandeur 
that les them. They carry us back to the very finest period of 
the practice of the art. 

Sculptuge declined after the death of Hadrian. The difference 
observable, both in style and execution, in the two columns of Trajan 
and Antoninus, exhibit a marked change in the condition of art, even 
in the short period that elapsed between the execution of these works. 
Antoninus Pius was not, however, neglectful of art; but the chief 
employment of that time seems to have been in portraits and busts, a 
sure indication of indifference towards the higher class of design. 

Herodes Atticus claims a distinguished place in the list of promoters 
of the fine arts. He employed his immense wealth in embellishing 
Athens and other cities of Greece. Chryselephantine sculpture was 
still practised; for it is recorded that he caused a quadriga, with a 
group of Neptune and Amphitrite, made of gold and ivory, to be 

laced in a temple of Corinth. By the time of Septimius Severus 
Tabout A.D. 200) the arts of design had rapidly declined. The schools 
for their cultivation, which had been established by Hadrian, were no 
longer kept up, and the effect of the neglect of pure design is visible in 
the monuments of this period. The sculpture on the arch of Sept. 
Severus, in the Forum of Rome, as well as that called the Arch of the 
Goldsmiths, also at Rome, offer undeniable evidence of the low con- 
dition of taste, and the inferiority of practice in art. Considerable 
care was shown in the littlenesses of execution; but everything that 
indicated boldness of conception, breadth of treatment, and style, had 
vanished. With the exception of busts, some of which must be 
admitted to have great merit, the monuments which remain of the 
time of Caracalla, Geta, Alexander Severus, and their successors, only 
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confirm the rapid fall of sculpture. Alexander Severus endeavoured 
to revive a taste for architecture, and even instituted schools for the 
education of students; but the calamities that disturbed Italy during 
the contentions for the empire, left men little leisure for elegant 
pursuits, The degraded state of in the 3rd century of our 
era is sufficiently declared by the quality of the bassi-rilievi on the 
arch of Constantine in Rome; all that were not taken from the arch 
erected in honour of Trajan's victory over the Dacians, exhibit the 
utmost poverty of design, with feebleness of execution. 

The dismemberment of the Roman empire by the establishment of a 
seat of imperial government at Constantinople, was a fatal blow to the 
grandeur and magnificence of Rome; and from this time may be dated 
the downfall of the city. To Constantine himself some honour is how- 
ever due for his endeavours to restore a feeling for the arts, by the 
scale on which he pro to decorate the new imperial residence. 
Sensible of the want of artists capable of doing justice to his splendid 
conceptions, he instituted schools, wr str for architecture ; and by 
distributing rewards and giving privileges to students, he endeavoured 
to induce young men to devote themselves to acquiring a knowledge of 
the art. He so far succeeded that several considerable buildings were 
erected, but they were indebted for their decoration to the sculptors of 
a past age. By the emperor's commands, the cities of Greece and Asia 
Minor were despoiled of what had been left them by preceding col- 
lectors. Statues of gods, heroes, sages, and poets were brought together 
from all parts, to contribute to the splendour of the new city, and 
nothing, Cedrenus observes, seemed wanting, but the souls of the illus- 
trious individuals whom ‘these admirable monuments were intended to 
represent. Some attempts were made to restore sculpture by giving 
employment to. contemporary artists; and statues in metal were 
erected in this reign and in the subsequent reigns of Constantius, 
Theodosius, and Honorius; but the spirit of ancient art was lost, and 
these works, of a totally distinct character from that of the finer Greek 
schools, appear to have had so little merit, that the names of their 
authors have not been recorded. 

The state of Italy in the 5th and 6th centuries rendered the restora- 
tion of the fine arts utterly aap ey 3 During this unhappy period of 
her history she suffered from the inroads of the northern nations. In 
the year 412, Alaric, king of the Goths, ravaged the country and gained 
possession of Rome. pe anes Race Se ie ae Bee eee 
by Odoacer; and Genseric and his Vandals subsequently added to the 
destruction. In 545 Rome was attacked by the Goths under Totila; 
they set fire to the city, which continued burning for several days. In 
this siege, the Romans, driven to their last hold, defended themselves 
from the Mausoleum of Hadrian (now the Castle of St. Angelo); and, 
we are told, threw down upon their enemies the statues which deco- 
rated that sumptuous edifice. To the losses occasioned by these and 
similar means are to be added those consequent upon the anti-pagan 
zeal of some of the early Christians, They used to drag down the 
statues of the divinities of the Greek and Roman mythology, and 
pound them to dust. The finest productions of the greatest masters 
of sculpture were thus demolished; and so sweeping had been the 
destruction, that when Arcadius and Honorius issued fresh edicts for 
carrying on the work of demolition, it was said, “Si qua etiam nunc in 
— fanisque consistunt ” (“ If indeed there should be any still left 
in the temples”). 

The greatest treasures of art were preserved at Constantinople, and 
the palace of the Lausi boasted one of the finest collections of ancient 
stat Anim number of these fell a prey to the flames in 479. 
In the year 661, Constans was driven from Constantinople by the infu- 
riated people, and passed over into Italy. He visited Rome, where he 
remained a few days, but in this time he despoiled it, as far as he 
could, of whatever it still possessed of value in art. These works, 
chiefly in bronze, were carried by his orders to Syracuse, where he 
pro} to establish himself, and where he died. 

e public attention both in the Eastern and Western empire was 
now too fully occupied with intestine troubles and the attacks of 
external enemies, to be able to think of the arts. The fury of the 
Iconoclasts and the conquests of the barbarians forwarded the work of 
destruction, and though Theodoric, and afterwards Charlemagne, 
attempted to stop the ravages which were consequent upon the success 
of their followers, and to afford some protection to the remains of 
antiquity, their influence was quite inadequate to effect their object or 
to save the monuments of genius from the violence of an uncivilised 
and ill-disciplined soldiery. Theodoric (about 500 a.D.) laments, in a 
letter to Symmachus, the ruin of works of genius, and observes that 
Rome still possessed a population of statues, Charlemagne formed the 
on of renovating art, and most probably would have accomplished 

object, if the age had been worthy of the emperor. His great 
purpose however was to obliterate the remembrance of the splendour 
of by the magnificence of Christian art; and the entirely new 
feeling introduced occasioned a totally new style of design, which, as 
it has little connection with our present subject, will be considered in 
another place. 

The Empire of the West and the glory of the Roman name had 
passed away. The resuscitation of art and science belongs to another 
period of our history. 

_In the 12th century Constantinople, after a series of distresses and 
difficulties, was taken possession of by the victorious Latins and their 


been nearly destroyed by a succession of fires, was given over to 
i icetas Choniates has described some of the fine remains of 
art were there in his time, and which, during this reign of plunder, 
were broken or melted down to be coined into money, or sold for the 
Chariobeara thet shood in the Hippsrtena} es intion of Uadlaomianand 
ioteers si in the Hip) } a group oO} 
Pegasus; Paris presenting the apple to Aphrodite; an exquisite statue 
of Helen; a colossal Heracles, by Lysippus; and the celebrated 
colossal statue of Hera, which had once adorned her temple at Samos. 

The real history of ancient sculpture may be said to have ended 
even before the period to which it has here been carried. It is both 
unsatisfactory and painful to attempt to trace it farther, when each 
step taken only shows ruin and devastation. The monuments of the 
Romans are numerous, and have been useful in illustrating ancient 
writings and in making us acquainted with the manners and customs 
of that people ; but Roman sculpture has not the same claim upon our 
attention as that of the Greeks, Indeed in following the history of 
the art in Italy it is obvious that the interest is chiefly kept up by con- 
sidering sculpture in Rome as a continuation of that of Greece, and not 
as an art which the Italians cultivated with any original feeling. The 
best works produced were by Greek artists; and the attempts of the 
Romans are characterised, if it can be called character, by Dore 
invention, meanness of design, and for the most ee u 
execution. The art was seldom patronised but when it was required 
to flatter the pride or please the vanity of individuals Lk ory 
statues or busts; and consequently it never rose to that e ce Or 
elevation which it attained in Greece, where it was made the means of 
embodying the grand conceptions of genius by the union of expression 
and sentiment with the most beautiful forms. 

Revival of Sculpture—After the subjugation of the Greek and the 
division of the Roman empire, the fine arts gradually declined. 
Occasionally efforts wére made to revive them, but as these arose from 
individual feeling, and were not su by any general interest in 
the subject, the attempt had little success, Charlemagne endeavoured 
to restore them; but his edicts, unresponded to by the sympathy of 
those about him, were unable to effect his object. Still the arts were 
kept alive by the monks of the early Greek and Latin churches, who, 
with pious dili , illuminated manuscripts, and sometimes even 
decorated the walls of their and convents with rude paintings. — 

It has been usual to date the revival of art in Italy at about the 
10th or llth century. The beginning of modern art may however be 
reckoned from an earlier time; rather, as Flaxman says, from the 
reign of Constantine, seven centuries earlier, when Christianity became 
the religion of the empire. Painting and sculpture then ceased to be 
employed, as heretofore, on the pagan but were engaged to 
illustrate subjects connected with Christian worship. Even during 
the reigns of those emperors by whom the istians were most 
persecuted, they ornamented their subterraneous retreats with sacred 
portraits and subjects from Scripture. (Flaxman’s ‘ Lectures on 
Sculpture.’) The artists to whom the chief merit of reviving art is 
due, are supposed to have derived no small benefit from the study of 
the remains of ancient ag ng which were still scattered about Italy, 
and particularly in Pisa, the native city of the presumed founder of 
the first school of modern sculpture. Without denying this very 
probable effect of superior works upon minds just awakening to the 
beauties of art, it may be disputed whether its influence was so great 
as some have imagined. It scarcely can be traced where it might most 
reasonably be supposed to exist, namely, in any peculiarities or finer 
qualities of style or execution ; and it surely must be conceded that 
the mind and rs ae that are observable in the paintings and sculptures 
of the time of the revival are of an entirely original character and quite 
independent of the ancient schools. This is remarkable in a class of 
design which at first seems peculiarly calculated to tempt modern 
a yates d yg vane ap the seein Penney See te wae 
sym an rical figures are employed. e exam t 
exist by one of the earliest painters, Giotto di Bondone (chiefly in 
the Caj dell’ Annunziata and in the Salone at Padua), there cer- 
tainly is no apparent imitation of any of the numerous and varied 
modes of treating such subjects that were offered to him in the 
monuments of antiquity. Without the most remote idea of under- 
rating the excellence of fine ancient models, it seems only just to assert 
a claim for the distinct and original character which divides modern 


Many of 
the artists alluded to united, as was usual in those days, the three pro- 


allies under Boniface and Baldwin; and the city, which had already : 
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fessions of painting, npr pet and architecture, and their works are 
interesting monuments of their ingenuity ; but sculpture only assumed 
a distinet and riate character wort the two Pisani, Niccolo and 
his son Giovanni, devoted themselves to it, and by their talents diffused 
a love of art throughout Italy. The cathedrals of Pisa, Pistoja, Siena, 
and Orvieto are rich in the productions of the Pisani. They consist of 
_ magnificent marble pulpits enriched with bassi-rilievi and statues, and 
are evidence of great power both in composition and in deep feeling. 
An account of these artists and their principal works will be found under 
Niccota pr Pisa, in the Broe Drv. 
One of the most masterly compositions of any school of sculpture is 
a semicircular basso-rilievo, in marble, of Niccolo Pisano, representing 
the ‘ Taking down from the Cross,’ which is placed over one of the side 
doors in front of the Duomo of Lucca. Another remarkable work of 
Niccolo Pisano is a basso-rilievo representing the Last Judgment and 
Punishment of the Wicked, in the cathedral at Siena. His power 
seems to have been in treating gentle, delicate, or touching representa- 
tions ; but the performance alluded to has great merit for the boldness 
of the conception, the eager crowding or fearful shrinking of the figures, 
and for the masterly composition. Niccolo Pisano commenced his pro- 
fession early in 1200, He lived to an advanced age, and was succeeded 
by his son Giovanni di Pisa, Arnolfo of Florence, and other scholars. 
Giovanni executed some esteemed works, but in natural genius he was 
inferior to his father, and he was satisfied rather to imitate what had 
been done than desirous or able to advance the art. Sculpture did not 
make that progress after the death of Niccolo that might have been 
expected from the merit of his works and the fine opening he had made 
for its improvement. Arnolfo was much employed as an archi- 
tect and sculptor. Two of his works in the latter art, the monument 
of Boniface and the Tabernacle in the church of St. Paul (fuore le 
mura), are preserved in Rome. The date of their execution is about 
1300, or rather later. Among the more successful imitators of Niccolo 
Pisano the eg Margaritone d’Arezzo, Guido da Como, and 
In the year 1330, Andrea Pisano, the son of Ugolino, who was settled 
in Florence, executed one of the bronze gates of the Baptistery in that 
city. The sculpture illustrates the life of St.John. This work is 
admirable for its beautiful sentiment and simplicity, though it must 
be allowed to be deficient in the mechanical excellences of sculpture. 
with Andrea Pisano, was an architect, 
Oncaena, in Bioc. Drv.] His works in 


ious monuments of this early period at 
Naples, where sculpture was practised by the followers and imitators 
of Niccolo and Giovanni Pisani. The Neapolitans dd, indeed, to 
cite names of even earlier than the Pisani; and mention is 
made of “ Maestro” Fiorenza and Agnolo Cosentino of as early a date 
as the 9th and 10th centuries, Perenhine, however, nearer to the 

e name of Pietro da Stefani men- 


with their works. The chief pacer for the artists was in 
“ Depositi,” or tombs, monumental sculptures, and occasionally enrich- 
ments, in reliefs and small figures, on altars. The monuments were 
often of a very elaborate kind, uniting sculpture with architecture. 
Stories of figures in niches, or mixed up with Arabesque or Gothic 
ornaments, rose one above the other, till, at a certain elevation, the 
work took a pyramidal form, the apex of which was surmounted by a 
statue either of the Madonna and Child, or of a patron saint, or some- 
times by an equestrian figure of the deceased. There are some very 
curious specimens of these compositions in many parts of Italy; one of 
the most remarkable is at Naples, in the church of S. Giovanni dei 
Carbonari. 

The works of Luca della Robbia abound in Italy. They possess 
merit not only as works of art, but as imens of a manufacture, or 
rather, a process, of which this sculptor is said to be the inventor and 
exclusive possessor. This was the art of covering terra-cotta models 
with a beautiful and peculiar coloured yarnish, which renders them as 
hard as stone. He is supposed never to have disclosed this secret; 
but there is a tradition that he committed it to writing, and inclosed 
the paper, or whatever it was inscribed on, in some one of his models, 
before he sent it to be baked ; so that it could be known at the 

of destroying, or at least injuring, a number of his works, till the 

should appear. Among his productions are some of great 

beauty. They consist chiefly of groups, in alto-rilievo, of the Madonna 

and infant Saviour, or Christ and St. John as children, and similar 
sul poise Fag ee died in 1442, 

pture at Florence are preserved some extremel 

interesting sqednicth of art of this period, by Benedetto da Toreano 

and others. These works merit a careful examination, as they offer not 

merely valuable illustration of the progress that was being made in the 


art at the time they were executed, but they possess qualities which 
claim for them high praise as examples of rich composition and appro- 
priate expression. Many of them are likewise worthy of attention for 
an approach to great beauty of form, and for the skilful treatment of 
the draperies. 

The next distinguished names which occur in the annals of restored 
sculpture are those of Lorenzo Ghiberti and Donato di Betto Bardi, 
better known as Donatello. Ghiberti has secured a lasting reputation 
by his celebrated bronze gates of the Baptistery of Florence, the edifice 
on which so many preceding sculptors had been employed. The first 
gates mentioned by historians were executed by Buonano in 1180: 
they were destroyed by fire. Andrea Pisano was the next artist 
employed upon them, and his and the later works at that edifice are 
fortunately still preserved. The contribution of Lorenzo is in a series 
of rilievi, ranged in compartments, illustrating subjects from the Old 
Testament. Michel Angelo is said to have admired them so highly 
that he declared they were fit to be “ the gates of Paradise.” Lorenzo 
brought to this work a great knowledge of composition, a superior 
acquaintance with the more beautiful forms and movements of the 
human figure, a refined feeling for expression, and considerable powers 
of execution. They very far surpass the works of his predecessors in 
the revival of sculpture, and, in many respects, have not often been 
excelled. It is not pretended that these reliefs are free from faults. 
Their chief imperfection arises out of the undefined notions which 
then existed of the true principles that respectively govern, or should 
govern, composition in painting and sculpture. It is obviously out of 
the province of the latter art (which is confined to representing objects 
by defined forms alone) to attempt perspective appearances and effects 
which can only be truly and correctly given by aid of colour, or by the 
skilful distribution of light and shadow. In the work under considera- 
tion this principle is invaded. Objects are represented in various 
planes, and those which should be subordinate are, in consequence of 
the necessary relief given to them in order to define their forms, forced 
upon the attention, or cast shadows to the injury of more important 
features in the design. The number of small parts, and a too great 
minuteness of detail, are also defects in this remarkable work, and 
deprive it of that breadth of effect which is so admirable a quality in 
art. [Gurerrtt, Lorenzo, in Broa. Drv.] 

Donatello was a scholar of Lorenzo de’ Bicci, and was born in 
Florence in the year 1383. The works of Donatelio are numerous, 
and remarkable for their superior qualities, His conceptions were 
bold, and his execution vigorous, and it is easy to see in his per- 
formances the reason for the compliment paid to his statue of St. 
Mark by one who could so well appreciate these qualities as Michel 
Angelo : “Marco, perch® non mi parli?” This, and a statue of St. 
George, also in marble, decorate the exterior of the church of Or San 
Michele at Florence, The St. George is a fine example of grand and 
simple expression. The figure, dressed in plate armour, stands firml 
on both legs, and he rests his hands on his shield, which is held before 
him, its pointed base on the ground. There is a calm determination 
and a quiet dignity in this work. It is probable that the somewhat 
exaggerated treatment which is observable in this and other produc- 
tions of Donatello, as well as of Ghiberti, arose from their desire to 
avoid the dryness and poverty of form in the works of some of their 
immediate ecessors. [DoNATELLO, in Broo. Drv.] Donatello en- 
joyed a great reputation, and there is scarcely a city of any consequence 
in the north and middle of Italy that cannot boast some specimen of 
his talent, He introduced a mode of working reliefs that has not often 
been practised since his time. The sculptured portion is scarcely 
raised above the-plane of the background. It has the appearance of 
the design haying been drawn on the marble, and then engraved, as it 
were, under a strong side-light. This kind of work hardly comes 
legitimately under the name of sculpture, and can only be fitted for 
certain situations, in which, at a little distance, it has more the effect 
of a picture than of sculpture. 

Brunelleschi, or, as he is called by the Italian historians, Filippo di 
ser Brunellesco, was contempo! with Donatello. He was an archi- 
tect as well as a sculptor, and was the originator of the bold idea, 
which he so successfully carried out, of building the cupola of the 
Duomo of Florence. [BRUNELLESCHI, in Broa. Div.] Donatello died 
full of years and honour. He left a brother, Simon, who was invited 
to Rome by the pope, in 1431. While there he executed one of the 
bronze gates of St. Peter's. Giovanni di Pisa was another of the 
numerous scholars of Donatello. There is a large basso-rilievo in terra- 
cotta by this sculptor over the altar in a chapel of the great church of 
the Eremitani at Padua, which deserves notice for the simplicity and 
breadth of the composition, and for the peculiar manner in which it is 
executed. It represents the Madonna and Child, with three saints on 
each side, and is remarkable for the flat style of the relief—a mode 
of working that Donatello frequently adopted, and which, when 
judiciously managed, has a very broad and fine effect. 

Italy was at this time filled with artists, many of them of distin- 
guished merit, who found ample employment in what may be called 
church sculpture, and occasionally in executing statues of illustrious 
persons, orence perhaps boasted the highest names in the several 
arts, but Bologna, Padua, Milan, Naples, Siena, Venice, Modena, and 
even the smaller cities of Italy, all had their schools of artists. The 
Majani and the two Pollajoli, Andrea Verrochio, Andrea Ferrucci, and 
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Mino da Fiesole, are among those whose works claim attention among 
the best productions of the 15th century. 

Andrea Verrochio is chiefly celebrated as having been the master of 
Lionardo da Vinci, and of Pietro Perugino, the master of Raffaelle. It 
is said that Verrochio was at first a painter, but having desired Lio- 
nardo da Vinci, then a mere lad, to paint an angel in an altar-piece on 
which he was engaged, Verrochio found the performance of the scholar 
so superior to his own portion of the work, that in a fit of jealousy he 
resolved to paint no more, and he soon after devoted himself to the 
sister art. A bronze equestrian statue of Colleoni, by Andrea Verro- 
chio, may be seen at Venice in the Piazza di 8, S. Giovanni Paolo ; it is 
interesting as a specimen of art of the time, but it is heavy in form, and 
the action of the horse is not true to nature, Verrochio provided the 
design and model for this group. It was cast in bronze by Alessandro 

Several of the works of Andrea are preserved at Florence. 

It is a reproach to the artista of the 14th and 15th centuries, that, 
not satisfied with carrying out their own original ideas, and endeavour- 
ing to advance the practice of art within the limits of consistent 
design, they suddenly had recourse to the incongruous mixture of 
ancient mythology with the existing religion, an unfortunate innovation 
which tended to check the steady progress of sculpture by engrafting a 
totally foreign class of design or ideas upon their own original senti- 
ment ; they only misused or abused the one, and at the same time 
materially injured the effect of the other. 

Michel Angelo Buonarotti was born in 1474. At an only age he 
became the scholar of Domenico Ghirlandajo, the most celebrated 
painter of his time, and afterwards studied under Bertoldo, the director 
of the academy established by Lorenzo de’ Medici at Florence. The 
genius of M, jo was remarked by Lorenzo, who received him into 
his house, giving him ts in the palace, and otherwise honouring 
him with marks of peculiar fayour, As he increased in years, his won- 
derful powers as an artist were developed; and his powerful and 
vigorous genius placed him at once in the distinguished station which 
he still occupies, Till the time of Michel Angelo, the works of art 
since the revival were all more or less meagre and dry in style, although 
considerable feeling and talent were occasionally displayed in their con- 
ception (or invention) and composition, Ex i efforts were 
sometimes made, as by Ghiberti and Donatello, to infuse into them a 
better and more elegant quality of form; but it was left to Michel 
Angelo to effect that total revolution in style which has stamped not 
only his own productions, but the art of his age, with a character pecu- 
liarly its own. The most striking quality in the works of Michel 
Angelo is an undefinable vastness and grandeur of effect that takes 
entire possession of the mind. This power is strongly felt in the 
ae of his colossal statue of Moses, in the monument of Pope 

ulius IL., and of his statues of Lorenzo de’ Medici (not “il ifico”) 
and Giuliano de’ Medici, in their monuments in the family chapel at 
Florence. The Moses is a grand effort of genius. It is as original in 
conception as it is masterly in execution. The characteristic feature 
of this statue is its vast energy; but it is mpirenidy esnpere to pre- 
serve the repose which is essential to true dignity. is work requires 
to be studied with attention: its merits will then be found to com- 
pensate for those minor faults which at first sight offend the fastidious 
tor, and which, it must be admitted, the manner of Michel 

lo threw more or less into most of the productions of his chisel 

and pencil, As a whole, it illustrates the forcible expression applied to 
the general character of this artist's works, “Di Michel Agnol’ la terribile 
via.” The statue of Lorenzo is also seated. He is represented absorbed 
in thought. He rests his face upon his hand, which ially covers 
the chin and mouth, The general action is one of perfect repose, and 
the expression that of deep meditation, It is impossible to look at 


this figure without being forcibly struck with the mind that pervades | Opera. 


it. For deep and intense feeling it is one of the finest works in exist- 
ence. It has been well observed of ‘this statue, that it has no resem- 
blance to the antique, but it rivals the best excellences of the ancients 
in expression combined with repose and dignity, 

In the lower part of the two monuments of Giuliano and Lorenzo, in 
the chapel of the Medici, are allegorical figures of Day and Night, and 
the Dawn, or Morning and Evening. ey bear the impress of the 
master-mind and hand; but the violence of action and f expression 
of these statues are not in character, in the first place, with the repose 
which is appropriate to monumental sculpture, and they do not harmo- 
nise with the above them. The intimate knowledge of anato 
ees by Michel Angelo, and the evident, mastery he had over 

culties of execution, appear sometimes to haye tempted him, as in 


these statues, to indulge in their display at the expense of propriety of | His 


In the Minerva Church‘at Rome is a m 
M. Angelo. It has less of violence of action ; 
Bees; nt though 1h hes qualities of » highig and displays great 
knowledge of form and skill in execution, it is by no means one of 
his most successful efforts, The figure wants that calm dealt and 
refinement which should pervade the re tation. of divine 
nature under a human form. Another work of Michel Angelo, which 
is often referred to as a specimen of this master, is the statue of David, 
in the Piazzadel Gran Duca at Florence, The powerful hand of the 
rot eee Ss riible in it, and the grand air that is given to the 

by the turn and expression of the head and throat justly claim 


admired statue of Christ by 
characterises his 


| onr admiration; but it is not one of Michel Angelo’s finest works, 


It was executed under unfavourable circumstances, Buonarotti 
having been called upon to finish it when the block had already been 
worked upon by an inferior artist, and considered to be spoiled, the 
gallery Florence is a half-drunken Bacchus, also the work of this 
sculptor. An ancient subject, it still has the merit of being filled with 
Michel Angelo’s own feeling for character and expression, but it falls 
short of the manner in which the Greeks would have treated it. It 
wants purity of taste, and the beautiful form, free from affectation or 
display, which the ancients knew so well how to apply in all their con- 
ceptions. Michel Angelo in this work attempted to re what he 
could not feel as a Greek sculptor would, and to thi 
attributed its inferiority, Among the best known groups by Michel 
Angelo are the Madonna and Child, in the chapel of the M at 
Florence—unfinished; a Pietd, in a small chapel at St, Peter's at 
Rome; and a group of Nicodemus supporting the dead body of Christ, 
with the Modnee ond: Mastic as compositions, are 
of the highest merit, They also abound in pathos i 
respects finely executed. e Dead Christ, in the Pietd, is particularly 
worthy of attention. The tranquillity and perfect repose of death are 
most successfully shown Syronghous this figure, and with some Li we 
be 


It is unfinished, but the master is 

declared in the composition of the group, in the grand style of the 
i Sid cir atemmcnnh aaeeneter 94 the execution. It is 

1a tha Ropal /ondemy:of Arta. kpving hemp. beruenined \o Sas Miers 

tion by late Sir George Beaumont, who Fes crpc it in Ite 

There is another work very similar to this, and li is also 

in the Gallery of Sculpture at Florence, In the Vatican is another 

a different class. It is an allegorical subject, and is amonument of the 


ect knowledge of the human Michel Angelo ; 

ut it is more remarkable for this than for other qualities requisite in 
sculpture, namely, simplicity and unity of design. The composition is 
both crowded and complicated. In taking this rapid survey of some 


of the principal works of this master, t 
before Fg reader the most celebrated of his productions, in order 4 


and mas' of execution that appear in his productions in this art, it 
generally adinieved that the sculpture of Michel Angelo does not 
give that high satisfaction which is felt in the contemplation of the 
best works of ancient and some even of modern times, [Buonarorri, 


hich are statues supposed 
ure. The ae 


There is a group, in marble, in the Chigi Chapel, in the church of 
Santa Maria del Popolo at Rome, represen Jonas with the sea- 
monster, which is remarkable for the grand style of its composition, 
as well as for the breadth and beauty of its forms. It is attributed to 
a sculptor who lived in the 16th century, called Lorenzetto, but there 
is a tradition that the design was furnished by Raffaelle, and that he 
even made the model from which the sculptor executed the marble 


Michel Angelo had a very high opinion of the works of Beg- 
i, « soulptos ak Modena nd is said to have exclaimed, on 
own some of his models, “ If this clay could but become marble, woe 


(guat) to the antique.” 
Jacopo atti, better known as Sansovino, is more deserving of 
celebrity as an architect than asa sculptor. [Sansovio, in Broa. Dry.] 
chief ctions,.in both arts, are at Venice, - Some statues on 
the Scala dei Giganti (the Staircase of the Giants), at the Palace of the 
Doge at Venice, and some baassi-rilievi in other places, popeoialy 
bronze gate at St. Mark’s, are examples of his of or indiffer- 
ence to the true principles of design in sculpture, though it would be 
unjust to refuse them the merit of much elal execution, Many 
of his scholars became disti rtists. Among them may be 
mentioned Nicolo Tribolo, Danese C , some of whose works are 
in the church of S. Antony in Padua, B Ammanati, Ales- 
sandro Vittoria, a sculptor of great merit, and probably Tommaso 
Lombardo, About this time a profusion of ornament began to be 
associated with works in sculpture, and led artists to neglect the 
simpler qualities of design for high and minutie of mouldings, 
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works of the cingue cento which are most worthy of notice, 
id altar candelabra in some of the Italian churches. 
There are some particularly fine specimens of this kind of work at 
Venice. io Bandinelli, born in 1487, is among the distinguished 
contemporaries of Michel Angelo, Sansovino, and the great sculptors 
of that time. [BanpINeELLi, in Broc. Diy.] Although some exaggera- 
tion in design and defects in execution may be visible in his works, 
possess qualities which claim for their author a distinguished 
by finial modern sculptors. There are some bassi-rilievi in marble, 


round the screen of the high altar in the Duomo of 
, which are admirable for their breadth and the fine treatment 


There is a work of considerable merit, and also of some interest 
from the circumstances under which it was executed, in the church of 
S. Petronio at Bologna. It represents the story of Joseph and the 
wife of Potiphar, and is the production of Propertia de’ Rossi, a lady 
of great beauty, and highly aceomplished in various branches 
of the fine arts. It is said she became enamonred of a young artist 
who did not return her love, and the disappointment threw her into a 
languishing disorder which terminated in her death. Her last work 
was the basso-rilievo above mentioned. In it she represented herself 
as the wife of Potiphar, and the object of her affection as Joseph 
Sees Bees ber. She died in the flower of her age, in the year 
1 


Benvenuto Cellini, born in Florence, in 1500, was one of the most 
distinguished sculptors, founders, and chasers in Italy. All his larger 
works are in bronze, and are preserved in his native city ; but numerous 
ees his skill in smaller productions, as medals of gold and 

er, bucklers, dagger hilts, and tasteful ornaments, are in foreign 
collections and afford ample evidence of the superior talents of their 
author. The iculars of his life and the history of many of his 
works are i told by himself, in one of the most en ini 
autobiographies extant. [Cetiin1, Benvenuto, in Broce, Drv.] 

The list of sculptors of this school, or rather of this division of time 
(for each effected that tended to interrupt the existence or 
continuance of schools), must close with Guglielmo della Porta, the 
most skilful of all the artists of Lombardy. He was the scholar 
Pierino del Vaga. He was also a favourite of Michel Angelo, from 
whom he received a very high compliment. Guglielmo had been 
employed to restore the legs of the famous Hercules (now called the 
Farnese) of Glyconu, which he did so admirably, that when, after a 
time, the ori legs were found, Michel Angelo was unwilling to 
remove Della Porta’s for those which had so unexpectedly been re- 
covered. Della Porta executed few works. The most remarkable, as 

_ an example of the influence of the style both of Michel Angelo and of 
Raffaelle, is the monument of Paul LIL, in. St. Peter's at Rome, Two 
recumbent statues in this work, one a female of advanced years, repre- 
senting Prudence, and the other, a young and beautiful woman, as 
Justice, are particularly fine. The latter figure is deficient in the 

i proper to the subject, but it is a remarkable 

‘ormance for the roundness and richness of its execution, and for 

the knowledge of form displayed in it. This statue was originally 

naked ; since Della Porta's time it has been partially covered with 

bronze ry. This artist effected some changes in the process of 
ing in bronze. [Bronze.] 

At the end of the 16th and the beginning of the 17th centuries, the 
sculptors aimed chiefly at fine and curious execution. The works of 
that time exhibit very high merit in many respects, but they are defi- 
cient in and simplicity, Instead of grace, we find affectation, 
and mechanical skill was held in higher estimation than what may not 
improperly be called the moral qualities of art. The works of Gio- 
vanni di Bologna, a native of Flanders, but established in Italy, offer 
ample illustration of this meretricious and destructive taste in sculp- 
ture. They are full of imagination, and are executed with a boldness 
and ability that both surprise us and call forth our admiration, but 
there is at the same time an Exeenpeeticn in the attitudes and an 
endeavour after picturesque effect that disappoint us. One of the 


poetry, and is deservedly admired as one of the most elegant uc- 
— of modern art, ag ag is light, and the ation graceful He 

tmany imitators, who, like copiers in gen ly exaggerated 
There are few works of Stefano Maderno, but there is a 
simplicity of composition and a beauty in the sentiment of his statue 
of St, Cecilia, that justly claim for him a place among the most worthy 


of the sculptors of this age. This statue was executed when he was 
yery young. The supposed body of St. Cecilia was found in Rome, in 
1599, during the pontificate of Clement VIII., and Stefano Maderno 
was employed to make a careful copy of it before it was removed to 
where it now lies, in the church of the convent dedicated to this saint 
in Rome. This may account in a great measure for the superiority 
of this work over others by the same artist. Limited by the cireum- 
stances, and by the pontiff’s command to take nature as his model, he 
had no opportunity to introduce any of the prevailing bad taste. The 
result is a work of great beauty, one of the best of that age, and in 
certain qualities not surpassed by later artists. 

Bernini was born at Naples, in the year 1598, [Brrnit1, in Broa. 
Drv.] He possessed genius, imagination, ambition to excel, unceasing 
industry, and great powers of execution ; and still, with all these means 
and dispositions, he was, beyond all others, instrumental in precipi- 
tating the decline of sculpture; and the tendency, already exhibited, 
to prefer minute execution to the higher qualities of design, was con- 
firmed by the popularity it acquired in the hands of this artist. 

It would be difficult to conceive two styles more opposed to each 
other than that adopted by the sculptors of this age and that of the 
great artists of antiquity. In one the pervading principle was sim- 
plicity and expression, united with beautiful and appropriate form. 
In the other, simplicity was of all things most studiously avoided; and 
complicated arrangement in composition, forced action in the figures, 
flying draperies, elaborate carving, and undercutting (in works in 
marble), and other means of little more than mere mechanical display, 
were resorted to, in order to create surprise or to please the eye. 
Under Bernini all the distinctive bounds of the classes of art were 
trampled down. Sculptors endeavoured to imitate the effects of the 
pencil, and architects to introduce into their compositions the curved 
line of beauty. 

The faults and merits of Bernini as a sculptor will be best shown by 
a reference to and criticism of a few of his best known works. His 
group of Apollo and Daphne, in the Villa Borghese, is a production of 
great merit for its invention and power of telling its story. The god 
has just reached the object of his pursuit, and, at the moment when he 
seizes her, Daphne's prayer is heard, and the beautiful form is being 
metamorphosed into a tree. Instead of generalising this part of the 
history, Bernini appears to have delighted in the opportunity of show- 
ing his skill in execution. The hair and drapery of Apollo are floating 
in the air, while the change that is to preserve Daphne from violence 
is shown in detail, in her tresses, the toes and fingers becoming 
elongated into roots and branches, the latter terminating in carefully- 
worked laurel-leaves. St, Peter’s at Rome contains various works of 
this artist. The most remarkable of these are the splendid monuments 
of Urban VIII. and Alexander VII., which may be said to exhibit all 
his excellences and all his defects, The former stands opposite a 
celebrated work of Guglielmo della Porta before mentioned (the monu- 
ment of Pope Paul III.),and is a melancholy proof of the consequences 
of losing sight of purer principles. Della Porta’s was not a school of 
perfection; but the contrast between the grandeur of manner of his 
time and the handicraft display of Bernini’s period is distressing. The 
composition of the second work alluded to, the monument of Alexander 
VIL., is as strange as the execution is wonderful. The sitting of 
the pope occupies the centre of a large and deep niche, The whole of 
the lower part or ground is filled up with curtain and cloud, in the 
corners of which are plunged four allegorical groups or figures. Of 
those at the back of the recess but little can be seen except the heads 
and shoulders. In the front corners are Truth and Charity, the latter 
a gigantic female, with fleshy infants pressed against her breast, to 
whose weight the marble appears to yield with all the elasticity of a 
soft pulpy substance. This work is a triumph of execution, but 
debased by the worst taste. A group of the Extacy of St. Teresa in 
the church Della Vittoria at Rome is another instance of the want of 
simplicity. In this it is difficult, amidst the flutter of the drapery and 
the ample convolution of clouds, to discover either the figure of the 
saint or the subject of the composition. The Four Doctors of the 
Church supporting the Chair of St. Peter, in the church of that 
apostle at Rome, is a grand idea ; but its effect in execution is injured 
by the want of simple unaffected expression and attitudes. These 
statues are col They are cast in bronze, and some parts of the 
figures and draperies are richly gilt. This composition, taking it 
altogether, has a magnificent effect. Fontana calculated, from the 
archives kept in Rome, that this work must have cost a hundred and 
seven thousand crowns. Bernini lived during nine pontificates; from 
that of Clement VIII. to Innocent XI. No artist ever had greater 
patronage, and few greater talents, which, unfortunately for sculpture, 
were ill-directed, or at least ill-disciplined ; the variety of his pursuits 
and his inordinate love of picturesque effect ruined the progress of 
the art, induced a false taste in patrons and artists, and, from the 
injury effected by his bad example, it may safely be said that it would 
have been better for sculpture if Bernini had never lived. 

Alessandro Algardi, a native of Bologna, was contemporary with 
Bernini, and executed many works of merit. Like other sculptors of 
the time, he was tempted away from the more valuable qualities that 
should characterise sculpture, by the endeavour to gain distinction by 
the display of execution and the picturesque effect of his compositions, 
The great work of Algardi is his alto-rilievo, preserved in St, Peter's, 
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of the discomfiture of Attila by the miraculous appearance of St. Peter 
and St. Paul. This work is in marble, in five pieces, and measures 
about thirty feet in height by teen in width. Algardi 
studied the paintings of his contemporaries for the manner of treating 
einouhioth ; ent Ce oe eee ee in.an artin 
which it is totally impossible to uce those effects of distance, clouds, 


and perspective which can iven by colour, There are merits in 
parts of this great composition, h increase the regret that is felt at 
the faults that are so t in other portions of it, In the un- 
pleasing task of following the traces of this 


lecay, it is refreshing occa- 
taste. Yranoesoo di Quesnoy, 


wn from his title of Il mingo, was a native’of Brussels. 
His works are said to partake very much of the character of 
those of and i; but it is recorded that he was led to 


ps 

ever succeeded so entirely in portraying the of beautiful 
childhood. He preserved just the right medium between tameness and 

ion. In the church of La Madonna di Loreto at Rome there 
is a work by Fiammingo, which represents St. Susanna, and it may 
fairly be considered one of the most successful efforts in sculpture 
of the age. The expression of the head is especially worthy of atten- 
tion. It has simplicity and intenseness combined with considerable 
beauty of form. Francesco Mocchi obtained a high reputation in his 
time. The work by which his merits may best be judged of is in the 
Duomo of Orvieto. It represents the Annunciation, in two distinct 
figures. The angel is supposed to be descending, and is supported on 
acloud; while the Virgin, in an attitude of shrinking m fear, is 
bowing her head as she receives his announcement, Its faults are the 
faults of the age,—a want of simplicity and too much of the pic- 
turesque in effect. As examples of elaborate execution, further illus- 
ascee~ diem of pure taste and the fall of sculpture, the works of 
San i Corradino may be noticed. Some statues by these 
artists are preserved at Naples, in the church of S, Severo. One re- 
presents the dead body of our Saviour, covered with drapery, under 
which may be traced all the forms of the figure: a piece of i uity 
of no very difficult attainment, but which always surprises and delights 
those who are ignorant of the mechanical processes of sculpture, and 
who think that whatever has the appearance of being difficult in art 
must be so, and measure out their admiration according to their 
estimate of the ingenuity with which it is overcome. The other is a 
figure of Modesty, veiled. There is also a third statue, of Deceit, 
within a net—a very curious piece of execution. These works attest 
the patience of their respective authors, and are monuments of their 
bad taste, 

The works of the contemporary and immediately succeeding sculptors 
do no more than prove the rapid consummation of the fall of sculpture. 
Occasionally an artist of better taste or higher feeling appeared ; but he 
was not seconded or supported by any refined feeling in patrons, nor 
inciting sympathy in the public, and the enumeration of works by the 
Rusconi, Bonazzi, Tagliapietra, Torretti, Morlaiter, Foggini, and others, 
would assist but little in conveying any distinct impression of the slight 
rare of difference in the generally fallen and decayed practice of 

e art. 

In the general survey of the rise, progress, and decline of sculpture 
in modern Italy, may be seen, very nearly, the history and condition of 
the art in other European countries. The artists of Italy spread them- 
selves over the Continent, and wherever works of design were required 
they probably were called upon to execute them. The influence of the 
taste of the schools of Lionardo da Vinci, Primaticcio, Benvenuto 
Cellini, Rustici, and others, will be visible in the works of their different 
times, in France and other countries ; and even when it can be ascer- 
tained that sculpture was produced by native artists, it generally will 
be found that their knowledge of art was due to Italian models or 
Italian masters. 

The French historians attribute to native artists the tomb of Phili 
le Hardi, which was executed in 1404, as well as that of Francis IL 
The first sculptor who really was distinguished in that country was 
Goujon. He executed various important works in the 16th century. 
Among the most distinguished sculptors of succeeding times may be 
honoural mentioned Pilon, Anguier, Puget, Girardon, Le Poutre, Le 
Moine, Coustou ; but sculpture soon decorative in France, 
and flutter in composition and design, and minuteness in execution, 
characterised their art almost from the 16th century to a very recent 

The extreme of the worst style of French sculpture is seen in 
the a of Marshal Saxe by Pigal, which was erected about the 
year . 

The earliest sculptors of Spain who are mentioned by their historians 
of art are Aparicio and Rodolfo, who lived about the year 1033, The 
next is Jayme or Jacques Castyls of Barcelona, who is said to have 
executed various statues in the facade of a church at in 
the year 1376. The name of Anrique occurs in 1380, of F, 
Gonzalez in 1899. It seems, however, that no great was 
made in the arts in this country till the 16th century, when Spanish 


artists went to Italy to study, or Italian artists established themselves 

in Spain. ‘ 
e history of sculpture in secnen | would lead us into a wide field 

of inquiry. It is not vem ype ey 

of the of the art, which may be traced wi 

san tho change of style Sp eal the Ger 
of its rise e 0! it ergone amongst 
mans would carry us into speculation, or at best into its merely national 


cient accuracy 


or local history, rather than assist us in giving a general and compre- 
hensive view of the art,  Liiffier, or Lafiler, said to have executed 
the bronze statues which stand round the tomb of the Em; Maxi- 


milian at Inspruck: he died In 1565. Others attribute them to two 
brothers of the name of Godi, who lived at the ing of that 
century. The latter name suggests the probability artists from 


Italy were then established in Germany, or were called upon to execute 
works of this description. 

The political disorders in which Italy was involved in the earlier 
part of the 18th century, may account in some measure for the inac- 
tivity in which the arts remained for some years. The wars of the 
Succession in the kingdom of Naples, the change of in Florence 
in the year 1737, and the unsettled state of ne eS eee 
diverted men’s minds from such pursuits. Cicognara attributes mi) 
also to the debased or degraded state of feeling among his countrymen. 
But his condemnation is escinb, cong and severe appears to be 
warranted by facts, and it ly seems unjust to attribute to the 
moral di tion of Italians of the 18th century the decline of art 
which had commenced so long before. It is admitted that, prior to 
this time, taste in art had 'y deteriorated. The effect of the state 
of feeling described as existing in this later time was to leave 
ture in its fallen state, when a little energy might possibly have 
restored it. From 1748 to 1796 Italy enjoyed an uninterrupted course 
of peace ; and it is true that during that period there scarcely was a 
a in sculpture of any magnitude or comparative excellence 
produced. 

The first sovereign who contributed to revive the arts from this 
state of torpor was Charles III. of Naples. He encouraged archi- 
tecture on a grand and extensive scale. At Rome, Cardinal Albani 
formed a collection of the finest remains of ancient sculpture that could 
be procured ; and by attaching to him all the most distinguished litte- 
rati and the best artists of his day, made his palace the resort of all 
who felt an interest in the pursuits to which he himself was so devoted. 
Under the auspices of this “Hadrian of his age,” as Cardinal Albani 
has been justly called, Winckelman uced the first work in which 

e history of the arts of design had been treated in a learned, - 

ical, — gees arent 3 and oh has been the — and 
groundwork of all succeeding and improved works upon same 
subject. The popes Clement XII. and Benedict XIV., as well as 
Clement XIII. and Clement XIV., contributed also to create a pees 
for the sculpture of the ancients by accumulating monuments 
various kinds in the pontifical To Clement XIV. we are 
indebted for the foundation of the Museo Clementino in the Vatican, 
which received such noble additions by the liberality of his successor, 
Pius VI., that the name of the latter pontiff was associated with that 


of its founder in giving a title to the collection, and a considerable ' 


ion of the gallery of ancient sculpture is still known as the Museo 
io-Clementino. Till Pius VI. issued an order to prevent the removal 
of works of art, the remains of antiquity discovered in Rome and its 
neighbourhood could be sold and taken out of the country. The pope, 
desiring to increase his collection, and preserve to Rome whatever 
could be recovered by excavation, prohibited anything being removed 
out of his dominions without a special permission. This order pro- 
cured for his agents the first choice of whatever statues or other monu- 
ments of sculpture were found; and the extensive purchases effected 
this means soon filled the Vatican with works of ancient sculpture, 
which, with the additions made by succeeding popes, have made it the 
most celebrated, as it is the most valuable, collection of its kind in the 
world. The discovery of the long buried remains of art in Hercula- 
neum and Pompeii led to the formation of a museum of the same 
kind at Portici; and, in bronzes especially, the Neapolitan collection is 
without a rival. Among the soverei 
the revival of design, Leopold, grand-duke of Tuscany, must likewise 
be included. The ag of this period were Cavaceppi, Penna, and 
a few others, in whose hands sculpture made some progress towards a 
more healthy state. The immediate influence of the Bernini school 
had ceased to be felt, and the opportunity was given, which these 
artists in some d availed themselves of, to juce art upon 
purer principles. It must be admitted that what they uced was 
eminently deficient in original feeling, and their best works were little 
more than somewhat tame copies or adaptations of ancient subjects 
and models ; but at least the practice of the art was continued, and 
when men of pened tee and more vigorous minds appeared, they 
had not to begin a! from the i of sculpture, nor from the 
miserably low point to which the manner had reduced it. 
Before touching upon the most celebrated sculptors who reformed and 
restored the taste for art in our age, we shall take a rapid survey of the 
history of sculpture in England. , 4 
The Britons had not the advantage of very skilful instructors in the 
Roman soldiers by whom the country was so long held in subjection ; 


examination of the causes _ 
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of Italy who contributed to 
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but during this foreign dominion the native inhabitants had learned 
to adopt many of arts. The making of arms and coining money 
had also taught them some important processes in the more refined 
arts, and the knowledge thus acquired was not allowed to fall into entire 
disuse ; and it appears that, after the departure of the Romans, the 
Britons continued to practise some branches of sculpture. Speed 
(quoted by Flaxman, ‘Lect.’ I.) says that “King Cadwallo, being 
buried in St. Martin’s Church, near Ludgate, his image, great and 
terrible, triumphantly riding on horseback, artificially cast in brass, 
was placed on the western gate of the city,” &c. The workmanship of 
this “ and terrible” statue was doubtless very rude and barbarous, 
but it is interesting to find the tradition of a work of art cast in brass 
in sor sper at so early a date. The death of Cadwallo is placed at 
A.D. . 

The edifices erected in England after the final settlement of the 
Saxons in this country,.and down to the reign of Henry L, seem to 
have been nearly in the same style, exhibiting plain fortress-like. con- 
struction, and repetitions of heavy columns and arches. Sculpture 
was so little employed, that it is believed there is no sepulchral statue 
in of earlier date than towards the end of the 11th century, 
though the French had begun to decorate their coffin-lids with figures, 
&e., as early as the 9th. We may conclude, therefore, that this prac- 
tice was first introduced into the country at the Norman invasion. 

All the oldest monuments in which figures are thus represented are 
of ecclesiastics. Two specimens of these sculptured effigies, carved in 
very low relief on coffin-shaped slabs, may be seen in the cloisters of 
Westminster Abbey. They are supposed to represent two abbots, 
Vitalis, who died in 1087, and Crispinus, who died in 1117. Similar 
monuments are preserved in Worcester cathedral, of St. Oswald and 
Bishop Wulstan. These sculptures, of extremely rude design and 
workmanship, have been much injured by time and violence, but they 
are curious as the earliest examples of the kind in this country, It 
has been thought probable that one reason for not decorating with 

, Or any distinguishing device, the stone coffins in which more 
ustrious persons were enclosed, was to preserve them from the 
chanve of violence which might have been offered to them, in order to 
gain possession of the ornaments that usually were deposited with 
individuals of exalted rank. Several monuments of bishops and abbots 
which have been Ls rage have shown the deveased fully habited in his 
episcopal robes, with his ring on his hand, and an enriched crozier 
either lying by his side or across the body. The more sacred character 
of the occupant of the tomb, and of the objects buried with him, 
might prevent any indignity being offered to them; but kings and 
princes would not be considered in the same view, and, as they would 
no doubt be even more richly dressed than ecclesiastics, however high 
their rank, their tombs would offer greater temptation to sacrilegious 
avarice, The circumstance of the tomb of William Rufus in Win- 
chester cathedral being entirely devoid of ornament may be thus 
accounted for. That of Gundred, daughter of William the Conqueror, 
at St. John’s church, Southover, is inscribed, and embellished with 
foliage, heads, and other decorations, but there is no figure of the 

on it, 

When the Crusaders returned from the Holy Land, they endeavoured 
to introduce into England a taste for the magnificence they had 
witnessed in foreign countries, and imitations were attempted of the 
rich foliage and other decorations employed in their architecture. In 
the west door of Rochester cathedral are some figures so applied. 

We believe the earliest specimen in England of figures in armour is 
of the time of Richard I. Those in the Temple church, of Magnaville 
or Mandeville, earl of Essex, and of two other knights similarly habited, 
are probably of this date. 

first example that occurs in England of a monumental figure 
in royal costume is that of king John, on his tomb in Worcester 
cathedral. An interesting proof that the figures carved on the lids of 
tombs were tolerably accurate representations of the persons whose 
remains they contained, was-afforded by the opening the coffin of king 
John in the year 1797. The body, &c., was in a state of sufficient 
to show that it had been dressed in precisely the same 

costume as that ted in the sculptured effigy. 

Wells cathedral was built by Bishop Joceline, who died in 1242. 
The west front of this church is richly studded with sculpture, con- 
sisting of representations, in relief, of Scripture subjects, and of statues, 
many of them of colossal dimensions, of kings, queens, saints, bishops, 


and other patrons or dignitaries of the church. This work must have 
been in progress at the time that Niccolo Pisano, the restorer of 


sculpture in Italy, was exercising his art in his own country, Flaxman 
(‘Lectures on Scul i 


of the succeeding reign was bynes 
scholars, or imitators of Niccolo Pisano, who tra‘ about in search 
of employment in those countries where ecclesiastical buildings were 
Rieteeeint Gan ajcte vierela tho body of Gases Mime ateds wor 
ingui e wherein the 'y of Queen or , were 
poy by these artists, as well as the statues of Edward I. and 
in Westminster Abbey. The flat brasses with 
sculptured, or rather engraved on them, and let into stone slabs, are 
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mostly of the 14th century, few being met with earlier than the reign 
of Edward IT. 

Under Edward TIL. it appears that our own countrymen were capable 
of exercising some branches of the arts of design. Many specimens of 
that date remain to prove both the extent to which sculpture was 
employed, and the merits of the artists by whom the several works 
were executed, Some interesting examples of art of the 14th century 
may be seen in three recumbent statues in memory of the sons of 
Edward III. : one is of the Black Prince, in Canterbury Cathedral; 
another of Prince William of Windsor, in Westminster Abbey ; and 
the third of Prince William of Hatfield, in York Minster. These 
works were executed between the years 1344 and 1378, There are 
also three remarkable windows of this date at Dorchester Church near 
Oxford : one of them is adorned with between twenty and thirty small 
statues relating to the genealogy of our Saviour; the others contain 
reliefs representing Scripture subjects. Various other equally interest- 
ing works, exhibiting the progress of the art, belong to this date ; and 
the names of several English artists employed by Edward III. at West- 
minster are recorded, (‘ History of Westminster Palace, by Smith ; 
Flaxman, &c.) The figure, in plate armour, of Beauchamp, Earl of 
Warwick, on his tomb in the Warwick Chapel, with the numerous 
smaller statues let into niches around it, is the work of William 
Austin, an English sculptor and founder. It was executed in 1439. 

The chapel of Henry VII. in Westminster Abbey is one of the most 
beautiful specimens of rich architectural decoration that exists in this 
or perhaps any country, The statues within and without it are said to 
have amounted originally to 3000, but the number is probably exagge- 
rated, An Italian artist, Torreggiano, assisted in the construction of 
this magnificent tomb; but there is strong reason to believe he was 
employed on the tomb only, and that the greater portion of the sculp- 
tures in other parts of the chapel were executed before he arrived in 
the country, and it is presumed they were the productions of native 
artists. Some of these statues show a beautiful feeling for art, and are 
well worthy of attention for the simplicity and grace of their action, 
and for the tasteful arrangement and careful execution of the draperies. 

From the reign of Henry VIII. to Charles I. sculpture fell into 
neglect. Indeed it frequently happened that, during the religious 
animosities and the party violence that prevailed, works of art, and 
more especially works of sculpture, were purposely destroyed. Charles 
I, showed a strong disposition to encourage the arts. The celebrated 
Cartoons of Raffaelle were purchased by order of the king, and, with 
other fine works, were brought into this country. In this reign we 
meet with the names of English sculptors. Christmas executed a 
monument to Sir William Pitt and his lady, at Strathfieldsay in Hamp- 
shire; and Stone is the author of a monument in Westminster Abbey, 
in memory of Sir George Holles, which is not without merit. Gene- 
rally ing, however, the style and composition of these and other 
works of the time are utterly worthless, but there is some boldness 
occasionally in the conception, which may claim for them a passing 
notice, The sculpture on the pedestal of the Monument of London, 
representing Charles 1I., attended by allegorical groups, raising the 
City of London (under the form of a prostrate female figure), is a 
striking example of the pseudo-classical and false taste, in art, of the 
17th century. After this time, the principal works in England were 
by foreigners ; and the names that most frequently occur dre Cibber, 
Steevens, De Vere, Bertocini, Scheemacker, and Roubiliac, as the 
authors of monuments and whatever other productions were required 
in sculpture. This variety of artists, as Flaxman observes, from 
different countries,— French, Flemings, and Italians,— sometimes 
brought the taste of Jean Goujon or Puget, sometimes a debased 
imitation of Giovanni di Bologna and the Florentine school, and some- 
times the taste of Bernini, but never a pure and sound principle, 
In 1766 an English sculptor, Nathaniel Read, executed a monument, 
which may be seen in Westminster Abbey, in memory of Admiral 
Tyrrell, 1t would not be easy to convey by description any just 
idea of the strange conceits and incongruous imagery that abound 
in this work; and without the aid of the inscription it would be 
impossible to comprehend the purpose and subject of the artist's 
ingenious, and, it may truly be said, costly labours. Admiral ig cha 
died at sea, and his body was committed to the deep. In the lower 
part of the composition are three allegorical figures, life-size; one of 
them represents Ireland, as the admiral, we are told, was descended 
from an ancient family of that country, and above is the apotheosis 
of the deceased, The ‘ Historical Description of Westminster Abbey,’ 
after giving the explanatory inscription, notices the work in the 
following words: “On a piece of -rock—‘The sea shall give up 
her dead, and every one shall be rewarded according to his works.’ 
The figures of History, Navigation, and Hibernia are well cut; they 
are represented among the rocks, with the sea above their heads, 
the admiral himself ascending amidst heavy clouds,” This fully 
describes the style of the art during the greater part of the 18t 
century. Allegorical pictures were executed in stone and marble, and 
it was absolutely necessary to have explanations attached to the work 
in order to enable the spectator to comprehend the meaning of the 
sculpture. The monuments contain every variety of a most confined 
idea; and Time, Fame, and Death, represented in the most absurd, 
and often most objectionable forms, are made the accompanying illus- 
tration to almost every work on which the sculptor was employed, 
: DD 
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The works of Roubiliac, with all their defects, have merits which 
redeem them from this general and deserved condemnation [RovBILiac, 
in Broo. Div.]; but, with the qualified exception in his favour, the 

roductions of the artista who practised with him, and after his 
Death, ean only be classed in the lowest grade of art; it is impossible 
to imagine anything more false and poor than the style that prevailed. 

Early in the present century, the first step was taken towards form- 
ing in England a national ection of ancient works of art. The 
Townley Marbles were purchased by a grant of parliament, and placed 
in the British Museum in the year 1808. Since this period the collec- 
tion has been enriched by the addition of the Athenian (or Elgin) 
Marbles. the Phigalian Marbles, the Lycian and Xanthian Marbles, the 
rilievi disco by Layard and his successors, at Nineveh, and the 
sculpture still more recently found on the site of the mausoleum at 
H together with various fine bronzes, and other valuable 
specimens of ancient sculpture. 

The honour of giving a new direction to taste, or rather, of leading 
it back to a recognition of true principles, is eminently due to Flaxman 
and Canova, “To Canova Italy owes her emancipation from those 
false perceptions which had, from the influence of the Bernini school, 
so long diverted the current of pure taste... .. To Flaxman the art 
owes equal obligation. Banks corrected the grosser impurities, 
and had stemmed the torrent of bad taste.” “ No modérn sculptor has 
entered so deeply into the recesses of ancient art as Flaxman; his 
atyle was founded upon their principles, combined with the simplicity 
of the Pisani and others of the 14th century.” The above short 
extracts from the address of Sir R. Westmacott, who sueceeded Flax- 
man as professor of sculpture in the Royal Academy, the merits 
of these two distinguished artists—the resturers of sculpture—in their 
true light. In the Theseus of Canova, one of his best and earliest 
works, we ise the long-lost purity of form and a decided devotion 
to the simplicity of the antique. In the designs of Flaxman simplicity, 
grace, and expression resume their influence, in place of the affectation 
and display of fanciful ingenuity that had so long prevailed. The 
later works of Canova show a tendency in that t artist to a more 
minute tion and attention to small parts is quite consistent 
with the hest taste in sculpture; and it may be objected to Flaxman, 
that, in his admiration of the beautiful and impressive in design, he 
too often neglected the means of making his works effective in execu- 
tion; but it is not expedient to enter here into a critical examination 
of their respective merits and defects. Their works, the best evidence 
of the superiority of these distinguished sculptors, are before the 
world, and a comparison of their productions with those of the entire 
series of artists from the time of Michel Angelo (and the best of his 
immediate followers) down to our own age, will at once exhibit their 
merit in its true point of view—in the influence they have had in 
restoring a degraded and fallen art to its proper position. 

_ Mechanical Process of Sculpture-—The technical or mechanical pro- 
cesses of sculpture are for the most part extremely simple. The 
sculptor, having conceived or invented his subject, usually begins by 
making a slight sketch of it, either drawing it on paper; or at once 
modelling it, in small, in clay or wax. This pfelimi: step enables 
him to judge of the arrangement, and to correct pe frre tee the 
general composition of his figure or group. He next proceeds to build 
up his statue of the desired size. The first thing necessary is to con- 
struct a sort of nucleus, or skeleton, by which the clay may be sup- 
ported. This is made of wood or iron, according to the strength 
required, and the limbs are usually made movable, by attaching the 
skeleton parts to the main support, or trunk, by wire joints: The 
figure is then built up in clay; and whether it is ultimately to be 
draped or not, it should always be modelled naked, in order that the 
true forms may be easily distinguished, and the made to fall 
naturally. In modelling in relief, a plane, or ground as it is called, is 
prepared, upon which the sculptor carefully draws his: design, The 
elay is then laid and pressed upon this, the outline of the figures being 
bounded by the lines of the drawing. The projection or fulness of the 
forms must of course depend upon the faney of the artist, or the 
purpose or situation for which the work may be intended. The same 
rule with respect to modelling the naked should be observed 
here as in figures or groups in the “round.” To preserve the models 
from shrinking and cracking, it is necessary to sprinkle the clay occa- 
sionally with water; and on leaving them, to cover them over with 


damp cloths. 
casting.” The model being completed, a 


The next process is “ 
mixture is made of plaster of Paris and water, which is thrown over 
the whole. When this is “ set,” or hardened, the clay within it is 
picked out, and there remains an exact mould of the model, This is 
washed, and the interior is brushed over with any greasy substance, 
usually a composition of oil and soap, to prevent the fresh » with 
which it is next to be filled, from adhering too firmly to it. After the 
mould is thoroughly filled in all its parts with this , maixed to 
about the consistency of cream, the latter is left to set. The mould is 
then “knocked off” with chisels, and a “cast” of the model is pro- 
duced entire. If it is intended to execute the work in bronze, the 
rame general principle is observed in the moulding; but there are 
particular processes to be attended to, in order to enable the mould to 
bear the weight of the metal, and to ensure the soundness of the 
“ cast.” ({Bronze.] 


In copying a model in marble, the first step is to prepare two stones 
of the same size, or at least with an exactly co ding graduated 
scale marked on the front of each, on which the th 
Casieatel ate vexpoctivsly £59 eee The fronts of the two scales 
are 80 constru or fitted up, that.a “ pointing” instrument can be 
applied to them, This instrument is usually composed of a pe or 
standard, to which a |} brass or steel “ needle —capable o' being 
extended and withdrawn, loosened or fixed, and moved in every 
tion by means of ball-and-socket joints—is attached. This is made 
touch a cular of the model, The whole instrument is 
removed to the scale-stone on which the rough block is placed, and 
marble is cut away till the needle reaches as far into the block as it 
had been fixed at upon the model. A pencil mark is 
the two corresponding parts of the model and block, and thus 
technically called ‘“‘a point” is taken, This process is re 
the numerous points at, fixed depths, corresponding throug! 
the surface of the model, are attained, and a rough copy 
sculptor’s original work is thus mechanically made. These instruments 
for pointing marble statues are not always constructed in precisely the 
same manner, The practice of different sculptors has 
various changes in detail, by which either the movement of the whole 
machine from one scale-stone to the other is facilitated, or a 
rapidity and security in taking points is attained; but the on 
which they act seems to be exactly similar in all. The statue 5 
rudely blocked out or pointed, the marble is in this state put into the 
hands of a superior workman called a carver, who copies the minuter 
Sesion of Bey werk eaeee eee ee various sizes, ; 

es; the pencil marks or points showing him the limits 
he is not to penetrate into the marble. When the carver has carried 
the work as far as the sculptor desires, he proceeds himself to give it 
the finishing stroke, by retouching and improving the details of form 
and expression, by producing varieties of texture and surface, and b 
giving that general quality or appearance to the whole which - 
— what - termed harmony of pee nye 

URF is a material composed minute portions of the 
external scales of the cuticle. These are, in moderate i po 2 
tinually by the friction to which the aicSece.c the body is 
subject, and are in due peoeertice Spore by others deposited on the 
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inner surface of the cuticle. 
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Pityriasis (from ‘irvpoy, bran) is a disease of the skin in which irre- 
gular es of the cuticle appear covered with thin bran-like scales, 
or with particles of a fine white powder, which, as fast.as they fall off, — 
are succeeded by others. It may be regarded asa morbid excess of the 
natural process of desquamation which is constantly going on, and by 
which the old cuticle is removed from the. surface of ‘the body to be 
replaced by that of more recent formation, The commonest of 
this disease is that called Pityriasis capitis, or dandriff It affects 
chiefly the scalp and eye-brows, and is most frequent in children, in 
whom. it originates either from generally disordered health or from 
mere neglect of cleanliness. It occurs also on the face and sometimes 
on other parts of the body in adults and old persons after exposure to 
the sun or a cutting wind, and it usually accompanies the commence- 
ment of baldness., The only local treatment which is necessary or 
useful is frequent washing, and the application of some mild and 
simple ointment. ; Be weird : 

In the other forms of pityriasis the discoloration of the cuticle is a _ 

more prominent sign than its desquamation in fine scales. | i ; 
occurs in the form of i yellow or light. brown» which | 
are chiefly situated on the front of the chest and men, and are: 
eommonly called liver-spots or tan-spots. The extent and form which 
such spots present are infinitely various; but though they sometimes 
exist unaltered for several they rarely produce any inconvenience 
beyond a slight itching... P. rubra is an aggravated form of the pre- 
ceding; the spots are more or less brightly,red, and are the seats of 
considered lactoritadlan In P, the essential part of the disease, 
which is of very rare ocourrence,is the production of @ cuticle of nearly 
“'SCURVY, This word,as well Latin a 
» This word, as as its Lati nym scorbutus, has 
been used very vaguely, both by medical coe nd ‘by the "publ. att 
lenge, fe i various diseases of the skin, often differi essen- 
Pay ica roo Its derivatives, scorbutic and antiscorbutic, of 
wl former is em: to designate as i , the source. 
of these diseases, and the ere the remedies pipers a4? cure, 
have been misapplied in a similar manner. iL} 

Scurvy, properly so called, is a malady of a peculiar nature, which 
occurs ei at sea or on land as the result of various moral and 
physical causes of disease, especially of deficient nutriment and a 
scarcity or total deprivation of succulent vegetables or fruits. Its 

is involved in obscurity, it is a question still debated 
whether it was known to the Greeks and Of its prevalence 
in the middle ages we have abundant. » but the frequent 
famines that resulted from the ‘imperfeot state of agriculture at :that 
day gave rise to s0 many diseases, which, though different, yet had 
many points of resemblance, that we run considerable hazard of con~ 
founding them, Thus there is a great similarity between scurvy, the 
disease which was then called St, Anthony’s fire, ergotism (the pecu- 
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liar disease produced by spurred rye pbiggre cen and some of the 
estilential fevers of the middle ages, both in their causes and 
ms, and there can be no doubt that the chroniclers of those 

mes often mistook one for the other. It is customary to fix upon 
the year 1260 as the date of the first authentic mention of the malady, 
which then appeared in the Christian army during the campaign of 
St.Louis in Egypt. In thenorth of Europe, however, it would seem 
that scurvy has been known from the most remote antiquity, and 
until within the last two centuries it prevailed there endemically. 
With the improvements in gardening and agriculture, it gradually 
‘became less frequent. As late as the middle of the last century it 
was common not only among the peasants on the borders of the 
‘Baltic, but it prevailed in Scotland and in some of the sea-port 
‘towns of Devonshire and Cornwall, breaking out in winter, and dis- 
appearing as vegetable food became more abundant with the return of 
spring. Later the disease has occurred in camps, as in the French 
army of the Alps at the close of the last century; and in besieged 
towns whose inhabitants have been deprived of fresh vegetables. A 
famous French physician, M. Foderé, mentions that isolated cases 


occur year in the 

of ‘ah eneiles symptéms may occasionally be observed in patients 
admitted into the London hospitals; and our prison reports prove 
it to be by no means uncommon in persons sentenced to long 
periods of confinement. Diseases are still endemic in various parts 
of Europe, which present a great analogy to se both in their 
causes and symptoms; such as the Radesyge in 
de la Rosa in the province of Asturias in Spain, and the Pellagra in 


Lombardy. 
During the prevalence of the potato disease in Ireland, in 1845, 
prevailed extensively. It was occasionally observed at the 
same time in most of the large towns of England, and since, when 
have been scarce, it has been known to break out. Duri 


+ 


reservation of the health of his ship’s company, that in a 
Resolation died. 


improvements which, at the s ion principally of the 
late Sir G. Blane, were introduced into the victualling of the navy 
at the end of the last century, and especially the free employment of 
lemon-juice, have banished this disease from our navy, though it is 
still by no means infrequent in the merchant service. 

The use of salt provisions has been very generally regarded as one 
of the most powerful exciting causes of scurvy. This notion, however, 
is not altogether free from error, for occurs even among those 
‘who never taste salted food. Such was case with some of our 
troops quartered in the province of Adelaide at the Cape of Good 
Hope, among whom scurvy appeared in the year 1836. The men at 
that time had no hard duty to perform, and were supplied with fresh 
meat in abundance, but were deprived of vegetables. The annual 
occurrence of scurvy among the inmates of the lunatic asylum at 
Moorshedabad in a is an additional confirmation of the same fact. 
We may with more propriety refer the disease to the absence of 

than to any directly injurious effects produced by salt 
provisions. 


The attention to ventilation was not found during Lord 
Anson's voyage to diminish the severity of the disease; and this 
circumstance, coupled with other facta, such as the non-occurrence of 
scurvy in the ill-ventilated houses of the poor in London, warrants the 
conclusion that im air is not an exciting cause of scurvy. 

Some facts have led to the supposition that cold and moisture tend 
much to produce scurvy, but Dr. Budd, in his able treatise on scurvy, 
es Grakasephh Meapttalebip’e be hry 
with scurvy into the ital-ship come ost. exclu- 
sively from the Mauritius, India, Ceylon, or China, The non-existence 
of scurvy at Venice, and in other similar situations, proves that 
qnoisture alone cannot produce the disease. 

Tt has been asserted, but never satisfactorily proved, that sc’ is 
propagated by contagion ; an opinion which is now usually regarded as 


erroneous. 

From all investigations, we may conclude that there is one condition 
which never fails to produce scurvy in persons, various their 
situations may be in other respects, > ile pee abstinence 
from succulent vegetables or fruits, or their nices, as an 
article of food. But we are hardly warranted in , a8 some 
men of ed ma ae a deficiency of vegetable is the 

cause capable of producing scurvy. very similar to 
pes og which used to attack the negroes in the West Indies, was 


more unhealthy quarters of Paris. Some | 


orway, the Mal. 


attributed to their living exclusively upon bananas, and its cure con- 
sisted in changing their diet, and giving them fish and flesh to eat. 
Bad nutriment, of whatever kind, will, according to M. Foderé, some- 
times produce the disease, and Dr. Henderson, a naval surgeon, 
recently stated in a medical periodical, that he has seen scurvy occur 
in persons who were taking daily doses of lemon-juice as a prophy- 
lactic against the disease. 

From these facts Dr. Garrod was led to suppose that the real cause 
of scutvy was some deficiency in the food which was supplied by 
vegetable diet. Having examined the constituents of food that pro- 
duced scurvy, he was led to conclude that such food was deficient in 
potash. Having analysed those vegetable foods which prevent and 
cure scurvy, as potatoes, water cresses, cabbages and lemon-juice, he 
found in all these a considerable quantity of potash. It is difficult to 
test this theory by withholding vegetable food and administering the 
salts of potash to patients afilicted with scurvy. It has, however, ” 
this characteristic of a true theory, that it explains the phenomena 
of the cure of scurvy by the addition of fruits or vegetables to 
the diet. 

It was at one time supposed that the citric acid of the’ lemon-juice 
was the active cause of cure in cases of scurvy, and when this acid was 
separated it was substituted in the navy for the lemon-juice, but it 
entirely failed to arrest the disease. 

Previous debility appears to predispose to scurvy, as does also an 
advanced age; the disease being rarest between twenty and thi 
years of age, though it occurs more frequently between the fifteen 
and twentieth year than in the succeeding ten years. The first 
symptoms of the affection are a change of the natural healthy com- 
plexion to a pale or sallow tint, accompanied with pains in the legs and 
loins, great languor and despondency, and indisposition to exercise. 
The gums soon become sore, apt to bleed on the slightest touch, livid 
and spongy. As the disease progresses the debility becomes greater, 
the slightest exertion inducing breathlessness and palpitation, and the 
complexion assumes a brownish or dingy hue. The gums become 
more livid, and swell more,’so as sometimes to conceal the teeth, which 
drop out without undergoing decay. Hemorrhage takes place from 
the lungs and from various internal organs, ecchymoses appear, and 
blood is effused under the skin in various parts, especially on the 
lower extremities and around the seat of any old injury. In the ham 
this effusion of blood is sometimes so considerable as to cause con- 
traction of the knee-joint. Any wounds or ulcers put on an unhealthy 
appearance, and become covered with coagulated blood, and the 
slightest scratches degenerate into troublesome sores. In high degrees 
of scurvy, as in the case of Lord Anson’s sailors, old wounds break out 
afresh, and a broken bone will become disunited, although the fracture 
may have been consolidated for some time. With these symptoms 
there is not so much derangement of the general functions as might be 
expected. The appetite usually continues good, though the patients 
are unable, owing to the state of their gums, to masticate their 
ordinary food; they sleep well, and the intellect is unaffected, though 
the spirits are m de Scorbutic persons swoon readily, and 
not unfrequently die suddenly on making some more considerable 
exertion than usual. ‘ 

If the disease should prove fatal, discoloured spots are found in 
many internal organs, while their tissue generally is of a paler colour 
than natural. The blood contains a less quantity of red particles than 
usual, but they are not dissolved in the serum, as some haye supposed. 

SCUTAGE. [Escvace.] 

SCUTELLARIN. A bitter matter of unknown composition found 
in the Seulellaria lateriflora. 

SCY’TALE (cxurddn, a stick) is the name of a secret mode of 
writing which was used by the ephors at Sparta in their communi- 
cations with their kings or generals when abroad. The ephors cut the 
material upon which they intended to write into one long stripe, like a 
narrow riband, which they wound about a round staff so as to cover 
the whole, The command or communication which they had to send 
was then written upon it, and then the slip of writing material was 
taken from the staff and sent to the king or general. Theslip appeared 
only covered with single letters, which none could read unless he wound 
the slip around a staff of precisely the same size as that used by the 
ephors. Kings and generals therefore, when they went abroad, were 
provided by the ephors with astaff precisely like that which the ephors 
themselves intended to use in their communications with them. (Plut., 
‘Lysand., 19.) This rude mode of sending a message must have originated 
at a very early period, but no instance of it is recorded previous to the 
time of Pausanias. (Corn. Nepos, ‘ Paus.,’ 8.) After the Peloponnesian 
war, we find the Spartans using the scytale also as a medium through 
which they sent commands to their allied cities. (Xenoph., ‘ Hist. Gr.,’ 
vy. 2, 37. 

ScYitHE. The common seythe is an instrument too well known 
to require a minute description, but as much of its utility in agriculture 
depends on a correct adjustment of its parts, we shall briefly advert to 
them. The blade of the scythe, which is always curved, with the 
cutting edge on the concave side, is fixed to the handle at an angle 
both to the plane of the blade and-to the tangent to the curve. It is 
on the nice, adjustment of these angles that the perfection of the 
instrument depends, A scythe must cut the corn or grass, especially 
the latter, as near to the ground as possible; and where the land lies 


SEA, 


the stones have been removed from the surface, a good scythe, 
hands of a skilful mower, will cut the grass so near to the 
ground that little or no stubble is left. farmer knows well that 
an inch of the grass near the ground adds more to the weight of the 
hay than several inches higher up, and that a skilful mower with a 
= scythe can easily add much more to the value of the crop than 
earnings amount to, however liberally he may be paid, and that it 
is of the greatest im that none but the best mowers be 
entrusted with the , and that >a -ugale maid to the form of 
their scythes and to their being frequently whetted. 
It is the custom in ite the mowers ater much hoe 
mowing, by which imagine that they have a wider sweep. e 
which the hanale is fixed is very acute to the plane of the 
blade. In other countries the mowers stand more upright, and a 
longer handle gives them a greater radius. Habit makes that position 
easier to which we have been long accustomed ; but it is probable that 
a man can endure fatigue, and continue his exertion the longer, the 
more nearly his position is erect. In some countries the handle of the 
oe is nearly straight, and the end of it passes over the upper part 
the left arm. The position of the mower is then nearly erect, and 
his body turns as on a pivot, carrying the blade of the scythe parallel 
to the ground, and cutting a portion of a considerable circle. The 
ition of the handle in this case must be such that when the scythe 
is in the middle of its swing, and the blade el to the ground, it 
rests naturally on the left arm above the elbow, while the mower is 
nearly in an erect position. By turning his body to the right, and 
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stooping towards that side, he begins his cut, and by raising himself 
up, the muscles of his back greatly assist in swinging the scythe 
round. 


that which passes through both the hands and ends at the head of the 


blade. This may be a straight line or a crooked one, generally the’ 


latter, and by moving these handles up or down the main handle, each 
mower can place them so as best suits the natural size and position of 
his body. Fence it is that a man can seldom mow well with another 
man’s scythe, 

In mowing corn when ripe, which is an economical mode of reaping, 
the seythe need not have so great a sweep, nor is it n to cut 
the straw s6 near to the ground. The great difficulty here is to lay 
the cut corn evenly, so that the binders can readily collect it and tie it 
into sheaves. This is most effectually done by adding to the bottom 
of the handle a small hoop at right angles to the line of cutting, and 
by mowing always to the standing corn, which is easily done by 
beginning at one end and going round toward the left in an i 

iral to the centre of the field. The straw is thus laid leaning against 

standing corn, and is readily collected with the arm by the binder, 
who follows the mower. As the straw is not always upright, but fre- 
ny bent to a side, this mode of mowing is not always practicable. 

en the corn is only slightly bent down, a scythe with an addition 
of a cradle, as it is called, collects the slanting straw more easily. The 
cradle is a species of comb, with three or four long teeth parallel to 
the back of the blade, and fixed in the handle. "This inserts itself 
behind the straw to be cut, raises it up, and by a iar twist of the 
ox hae after the stroke, it is left so as to be easily collected, Those 
wi r =: accustomed to use the cradle-scythe do the work rapidly 
and we! > : 

When the corn is much laid and entangled, it is impossible to use 
the common scythe, even with a cradle. is has probably suggested 
a scythe to be used with one hand, while a hook in the other gathers 
io pc -ya gra The most perfect of these scythes is called the 
Hai scythe, from a province of that name in Belgium, where it 
was first noticed. It is commonly used in different parts of the Con- 
tinent. The Hainault scythe is swung by the er of the wrist 
principally. It does not cut the straw by so oblique a stroke as the 
common scythe, but rather as a bill-hook or axe would do, meeting the 
straw nearly at right angles. The hook collects a small bundle, which 
is severed at a stroke, and the left foot assists in holding what is cut 
and rolled er with the hook, in the hollow of the blade. It is 
thus laid , and fit to be tied up. i 


manner, the left arm of the reaper acting the part of the hook; but as 
Tn Le ae ar ca ae 
stoop low, w fatiguing e loins, especially of elder! e 
who can more readily reap with the Hainault scythe. Alea 
+ re es an wpe ent ame state fot more intro- 
wi and experience has prov it had many advantages 
over the sickle or reaping-hook. [Hanvest. 
SEA and OCEAN are terms by which the whole volume of water is 
designated which occupies the lower portion of the surface of our 


globe, and thus ns prey the solid and more elevated masses which 
are called land, and which rise above the level of the sea, : 

Sea-water has a salt and somewhat bitter taste, and in its natural 
state'is unfit for drinking or for culinary purposes. Its specific gravity 
is about 1°0277, rain-water being 1°0000, The water of closed seas 
into which many rivers fall is lighter, as that of the Baltic, which is 
only’1-0067, and that of the Black Sea. But the water of the Mediter- 
ranean is more salt than that of the Atlantic Ocean. In those parts of 
the ocean which approach the poles the water is of less specific gravity 
than in those parts which lie towards the equator, which may be due 
to the melting of the enormous masses of ice which are found in the 


latitudes. 
water has tedly been analysed ; the latest results are stated 
under Soprum. of the Baltic contains only 1°18 per cent. of 
salt, but the water of the Mediterranean contains 418 per cent. ; the 
former being considerably below and the latter somewhat above the 
average of the oceanic water. The sea is therefore a weak brine, from 
which the salt may be extracted by the heat of the sun and dryness of 
the climate, 
Besides mineral substances, sea-water contains a slimy fetid matter, 
which imparts to it a nauseous taste, and which is pro the 
duce of the decomposition of animal and vegetable substances, w! 


abound in the sea. It has been observed that the sea-water, when not 


agitated for a long time, is very subject to pass into a certain state of 


putrefaction, and in that state it exhales very unpleasant odours, which ~ 


are a real nuisance to the seaman. It is likewise known that some low 


coasts between the aaa ma subject to diseases, which are attributed 
m 


to the miasma arising e sea after a long continuance of calm 
weather. 

It has often been maintained that sea-water has no colour, but it is 
well known that the sea at a great distance from the land has an 
me Bory ultramarine tint, which cannot be considered due to 
reflection from the atmosphere, as the colour of the sea is frequently 
of a deeper hue than that of the sky, and does not change even when 
the sky is covered with clouds. This colour undergoes some changes 
in shoals, where it is modified by the colour of the matter which forms 
the bottom. The greatest variety in the colour of the sea seems to 
occur in the Greenland Sea, between 74° and 80° N, lat., where it 
varies from ultramarine to olive green, and from the most perfect 
transparency to —_ opacity. The green colour is liable to changes in 
its position, but still it is always renewed near certain situations from 
year to year. According to Scoresby, from whom we take this 
account, it frequently constitutes long Fae or streams, lying north 
and south, caine se and ied deta ct of —e dimensions, 
sometimes e ing two or t of latitude in length, and 
from a few miles to ten or fifteen leagues in breadth. This occurs 
very generally about the meridian of London, and the whales 
food in this green-coloured water. When examined by Scoresby, it 
was found to be replete with minute animals, principally Medusw, to 
which its colour was due. 

e cy of the sea-water seems to be connected with its 
colour. It is much greater than that of river-water, which contains 
much heterogeneous matter in suspension. It has been said that the 
light penetrates to about the cy ae of 60 feet only, but this is a vague 
estimate, requiring much qualification ; some rays certainly penetrate 
much deeper. This transparency of the sea-water increases with the 
distance from the shores, and is generally greater in the higher than 
in the lower latitudes, which may arise from the circumstance that 
the number of organic substances in the sea is much greater in warm 
climates, But there are many remarkable exceptions to the last- 
mentioned fact. Some parts of the sea between the es are dis- 
tinguished by the transparency of their waters, especially the Caribbean 
Sea, where zoophytes and sea-plants, growing on a bottom 
twenty or thirty feet deep, appear to be near enough to the surface to 
be plucked by a person in a boat ; indeed some navigators affirm that 
the bottom of the sea may be seen at the depth of 150 feet. th the 
northern seas indeed it is asserted that the bottom may be seen at the 
x jos of from 400 to 500 feet. 

ne of the most remarkable properties of sea-water is a certain 


ery train, At other times, 
when the breeze is , and the billows break and foam, the light 
appears like fields of ing fire, through which the vessel is 
roo 2 When the night is dark, the i of the water forms a 
beautiful contrast with the black concave of the sky; but as soon 
daylight returns, the splendour disappears, and the sea exhibits only 
its usual dingy colour. At night, the slight agitation of the water 
occasioned by the action of a re nee wu the 
cient for producing it, We are entitled to believe, 
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{Lummyostry or Orcanic Bernes, in Nar. 


well-known laws of gravitation, it is inferred that the 

the sea is always at the same distance from the centre of 
the earth, and that consequently it forms a uniformly regular curve. 
This surface of course maintains the same level, and it is consequently 
the best basis from which to determine the relative elevations of the 
different parts of the land. Some facts bearing on this subject, and on 
the precautions requisite in the use of the sea-level as a datum line, 


which unite them. 

The Baltic, though of no great extent, and though united to the 
open sea by three straits, one of which is of considerable width, 
receives so asupply of river-water, that its level is higher than 
that of the North Sea. Very exact measurement has shown that this 
difference amounts to more than a foot between the level of the North 
Sea near the mouth of the river Eider and that of the Baltic near the 
town of Kiel. It is true that when the level of the North Sea has 
been raised by a continuance of western and north-western winds, a 
current sets from the Cattegat into the Baltic, but in calm weather it 
is always found that the current sets northward through the three 
straits. The difference of level between the Black Sea and the Mediter- 
ranean is much greater. The large rivers which fall into the Black Sea 
bring down an immense volume of water; and accordingly a very 
strong southern current is constantly found to be setting southward 
the Strait of Constantinople into the Sea of Marmora. It 
runs with a velocity of about three miles an hour, which 
at one place, called the “ Devil's Current,” is much greater, 
at times between five and six miles per hour. The velocity of 
current must vary with the seasons; for it is stated that the level 
the Black Sea in winter is between two and three fathoms higher 
in summer. The Sea of Marmora, which thus receives the 
us of the waters of the Black Sea, must also be more elevated 
the Mediterranean ; for the current which sets through the Strait 
Dardanelles is likewise constant and rather quick, though not so 
that in the Strait of Constantinople. 

Mediterranean, on the other hand, receives a very scanty supply 
by rivers; for with the exception of the Nile, no large stream 
into its basin, which is of much greater extent than that of other 

and therefore it must lose a great volume of water by 


aa 
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seas, 
i Halley showed that the Mediterranean, whose tempera- 
from 4° to 5° Fahr. higher than that of the Atlantic under 
latitude, must lose by evaporation nearly three times as much 
i ht into it by the rivers. The deficiency is supplied in 
eurrent of the Dardanelles, which brings to it the 
Black Sea and of the Sea of Marmora; and by 
thro’ the Strait of Gibraltar from the Atlantic 
Ocean. The Atlantic current runs somewhat more than one mile and 
a half per hour. It has been supposed that, though this current con- 
stantly sets into the Mediterranean, an under-current runs in an oppo- 
site ion, carrying back a ion at least of the water to the 
pts which have been made to establish this 
fact have failed, and it is probable that this supposed under-current 
does not exist. Notwithstanding the large supply of water which the 
Mediterranean receives at its two extremities, the level is below that 
of the Atlantic. Corabocuf found that the difference of level on the 
Mediterranean near Perpignan, and on the Bay of Biscay near Bayonne, 
amounted to nearly six feet ; and Délambre and Mechain found it to 
be nearly three feet between the North Sea at Dunkerque and the 
Mediterranean near eae 
bo ike ccieenn the difference of rity is satisfactorily explained; 
t ion is not so with respect to the  differ- 
ence between the level of the Maditecransin and that of the Red 
Sea. These two seas are separated by the Isthmus of Suez, which 
extends about 70 miles from north to south. When the French 
occupied Egypt, they executed an extensive levelling across this 
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isthmus; and the result was, that the Red Sea is above 32 feet 
higher than the Mediterranean. No river of importance, not even a 
perennial stream, falls into the Red Sea, which must also lose a con- 
siderable volume of water by evaporation. This loss of water is 
probably supplied by the current which sets into the Red Sea from 
the Indian Ocean ; and some persons are of opinion that the difference 
of level between the Red Sea and the Mediterranean might be pro- 
duced by this current. But it seems improbable that such an effect 
can be produced by this cause. According to Horsburgh and Wellsted 
(‘Journ. of Lond. Geogr. Soc.,’ vol. vi.), a current sets from the 
Indian Sea into the Red Sea between October and May, and it often 
runs with great rapidity. But between May and October the northern 
winds prevail through the whole extent of the Red Sea; and these 
winds, which frequently blow a gale, cause a continual current to set 
through the straits into the Gulf of Aden, Under such circumstancés, 
it is evident that the sea must fall to its natural level, especially as 
this state of things continues for more than three months. Wellsted 
observes that in this season, from May to October, the reefs in the 
northern part of the Red Sea have about 2 feet less water on them 
than in the remaining months of the year. This therefore appears to 
be the whole extent of the difference produced on the level of the 
Red Sea by the current, which enters it through the Strait of Bab-el- 
Mandeb from October to May ; but the French, as already observed, 
found the difference between the levels of the Red and Mediterranean 
seas to be not less than 32 feet. It would therefore appear that the 
Indian Ocean itself must be about 30 feet higher than the Mediter- 
ranean, and probably also higher than the Atlantic near the Strait 
of Gibraltar (see below) and that the difference of level in the different 

arts of the ocean is much greater than is commonly supposed. 

his is also proved by the difference of level between the Atlantic 
and the Pacific on both sides of the Isthmus of Panama. Accord- 
ing to Lloyd (‘Phil. Trans.,’ 1830), the mean rise and fall of the 
Pacific two days after full moon is 21°22 feet, and in the Caribbean 
Sea 1°16 feet. The water at high-water mark in the Atlantic is 13°55 
feet lower than in the Pacific. The mean between the high and low 
water in the Pacific is 10°61 feet, and in the Atlantic 0°58. It would 
therefore appear that the level of the Pacific is 3°52 feet higher than 
that of the Caribbean Sea, as at low-water, two days after full-moon, 
the Pacific sinks 6°51 feet below the level of the Atlantic; but it rises 
at high-water 13°55 feet above it. 

In this comparison of the level of the two oceans, the Caribbean Sea 
is placed in opposition to the Pacific: but in reasoning from existing 
data and our present knowledge, we must admit that the level of the 
Caribbean Sea is much higher than that of the Atlantic near the 
old Continent. The north-eastern and eastern trade-winds force a 
great volume of water from the North Atlantic into the Caribbean 
Sea, and this is increased by another large volume of water which 
is brought to that sea by the Guiana current, and which enters it by 
the straits between the islands of Martinique and Trinidad. 
{Artantic Ocean, in Groc. Div.) Such volumes of water, being 
arrested by the long isthmus which separates the Caribbean Sea and 
the Gulf of Mexico from the Pacific, must produce a considerable 
accumulation of water along the western shores of those seas, and 
raise them above the common level of the Atlantic, and this fact is 
confirmed by the rapid current called the Gulf stream. [ATLANntIc 
Ocray, in Groa, Div.] Opinion varies considerably as to the differ- 
ence of level between the Gulf of Mexico and the Atlantic. Poussin 
found the level of the Gulf at the mouth of the river Suwanee 
8-75 feet higher than that of the Atlantic at the mouth of St. John’s 
River in Florida : but when Darby, in his ‘ View of the United 
States, estimates the difference between the Gulf near the island of 
Cuba and thé entrance of Chesapeake Bay as at least 83 feet, we 
must suppose that he has formed his opinion on erroneous data. 
Also, we cannot accede to the opinion of Humboldt, who, in compar- 
ing some barometrical observations made at Cumana, Cartagena, and 
Vera Cruz, with others made at Acapulco and Callao, came to the con- 
clusion that in these parts the Pacific was about 9°5 feet lower than 
the Caribbean Sea and the Gulf of Mexico, Lloyd found the reverse 
to be the case at the mouth of the Chagres and at Panama, as we haye 
mentioned above. 

Mathematical investigation, founded on modern exact physical 
research, has however led to the discovery at once of a cause of 
difference of level in the sea, very different from any of the causes 
considered above, and of an example of that difference of the most 
interesting and instructive character. In the ‘ Philosophical Transac- 
tions’ for 1859, p. 779-796, is a paper by Archdeacon Pratt, ‘On the 
Influence of the Ocean on the Plumb-line in India,’ which is a sequel 
to two former communications on the effect of Mountain Attraction on _ 
the Plumb-line in India. In this paper the author first describes the 
remarkable nature of the geographical position of Hindustan, con- 
sisting in this :—that the highest mountain-ground in the world lies 
to the north of it, and an unbroken expanse of ocean extends from its 
shores down to the neighbourhood of the South Pole. Now as water 
is lighter than land, that is, the quantity of matter contained in a given 
bulk of water is less than that contained in an equal bulk of land, the 
attraction or attractive power of the ocean is smaller than that of the 
land. A given bulk of land has a greater attractive power than an 
equal bulk of sea, Therefore, the sea on the shores of Hindustan is 
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more attracted by the land than by the mass of the ocean beyond. 
The tendency of this, therefore, is to draw up the to a higher 
level on the northern shores of the i than at its southern 
extremity at Cape Comorin. But this, the mountain mass of 
Thibet and the saree ea ts a great excess of matter 
on the north, above that of the land of ordinary height, and conse- 
quently has a more powerful attraction, which is added to that of the 
land of Hindustan generally, in drawing up the sea to a greater height 
at the northern extremity of the peninsula than at the southern. 
Accordingly, it has been found by Archdeacon Pratt that the elevation 
of the wae levi at Kurachee, on the north side of the Arabian Sea, is 
515 feet above that at Cape Comorin, and it must be about the same 
at the sandheads of Calcutta, at the north end of the bay of Bengal. 
Now the sea is our only standard of measurement to which the form 
of the earth can be referred. Regarding it as the general surface of 
the globe, all elevations above or depressions below that surface are, as 
we have seen, measured from it. But these 500 or 600 feet, fortunately, 
are the greatest extent to which the sea-level can be affected, as there 
is rio part of the globe where the attraction on one side, and the 
deficiency of attraction on the other, can be so great as in that 
particular portion of the world where this difference exists. 

The bottom of the sea is similar to the surface of the land as to the 
irregular succession of elevations and depressions, and it is diversified 
by mountains and valleys and plains of different elevation. The sum- 
mits of the submarine mountains rise above the level of the sea in the 
form of islands. In several parts large table-lands are found, whose 
surface is not at a great depth below the level of the sea: when théir 
surface is covered with sand, they are named sand-banks ; and when it 
consists of eoral rocks, coral-banks, Near the édges of these banks the 
depth of the sea is generally very great. ‘Some of the summits are 
barren, others are covered with vegetation, but all teem with life of 
one order or other. The most extensive formation of the submarine 
table-lands occurs in the North Atlantic. Its most north-eastern por- 
tion is formed by the Outer Bank and the Great Bank of Newfound- 
land. [Newvounp.anp, in Grog. Do West of the Great Bank of 
Newfoundland are Whale Bank, Green , Banquereau, and Mizen 
Bank. The three last-mentioned banks are situated in front of the 
entrance of the Gulf of St. Lawrence, Opposite the coasts of Nova 
Scotia are Sable Bank and Le Have Bank; and then follow, in the 
same south-western direction, St. George’s Bank, or the banks of Nan- 
tucket, which approach the continent of North America in the vicinity 
of New York. From this point the banks occur at a short distance 
from the shores of the United States, and extend, almost without 
interruption, to Cape Florida and Sable Point, the most southern 
extremity of the ingen of Florida. West of this peninsula is the 
Tortuga Bank, the continuation of which skirts the shores of the 
United States in the Gulf of Mexico as far west as the mouths of the 
Mississippi. This series of banks occupies more than 1400 miles in 
length; but there is always water enough on them for the largest 
vessels, with the exception of the Virgin Rocks on the Great Bank of 
Newfoundland, and the shoals of St. George’s Bank. In all the other 
parts the least depth is not less than ten fathoms, and in general forty 
fathoms of water are found on them. The surface of these banks is 
very level. Along the northern and north-western edge, which lies 
opposite to the coast of America, the depth suddenly descends to 100 
fathoms, and along the southern to 300 fathoms, The descent 
from the edge of the bank to the deep sea is nearly perpendicular. 
The banks, especially those north of 40° N. lat., are frequented by 
immense shoals of fish, especially cod. 

‘The Columbian banks, under which name are comprehended all the 
banks which begin opposite the eastern shores of the ‘peninsula of 
Florida and extend in a south-eastern direction to the Mona Passage 
between Haiti and Puerto Rico, are divided from the North American 
banks by the Florida Gulf-stream, They consist of two larger banks, 
called the Little and Great Bahama Bank, which oceupy the north- 
western portion of the group, and of five smaller banks, which occur 
at great distances from one another in a south-eastern direction. These 
banks have from 15 to 20 fathoms water on their edges, but they are 
beset with rocks and numerous shoals, of which a few are dry at low- 
water; they are therefore shunned by vessels. The surface of the 
banks consists of coral, covered with an accumulation of shells and 
calcareous sand, On their eastern edges, along the Atlantic, are the 
Bahama Islands, 

Of the smaller banks which oceur in the Atlantic we shall only 
mention the Bank of Arguin, which lies near the western coast of 
North Africa, beginning at Cape Blanco (21° N. lat.), and extending to 
the neighbourhood of Portendik (about 18° N. lat.). It is dangerous 
for navigators, as there are many parts in which the water is not deep 
enough for large vessels, many of which have been lost on it. The 
Abrolhos, near the coast of Brazil, between 16° and 18° §. lat., is not 
extensive, but it is extremely dangerous on account of the soundings 
being very irregular, varying between 36 and 4 fathoms. In two 
successive casts of the hand-lead the soundings frequently vary from 
30 to 10, and sometimes even to 4 fathoms. 

There are several banks in the Indian Ocean: the most extensive 
are the Saya de Malha and the Bank of Nazareth. The Saya de Malha 
extends in length from north to south between 8° 18’ and 11° 30’, and 
is cut by 61° 30’ E. long. The surface is uneven, and in many places 


there are not more than between 6 and 10 fathoms water: it consists — 
of corals and shells. The most southern extremity of the Nazareth 
bank consists of the islands called os, in 16° 47’ 8. lat. and near 
60° EB. long. From this point the extends in a north north-east 
direction to 14° 8. lat. The surface is tolerably level, and the least 
depth of water does not fall short of 14 fathoms. ; 
An extensive bank, called the Needle or Bank, surrounds 
the southern extremity of Africa. It extends towards the weat 
beyond the Cape of Good Hope, and towards the east ae 


Padrone, east of Algoa Bay. As it is not divided, like the o' 
from the continent by a tract of deeper water, it is not to be o ’ 
sidered as a table-land, but as a submarine prol ion of | j 
continent. Between Cape (10° E. long.) Cape Vaccas 
(22° E. long.), it extends to 87° S. lat., or to a distance exceeding 150 
miles from the continent. The depth of water on this bank varies — 
between 30 and 90 fathoms. The surface is composed of coarse sand, 
corals, shells, and small stones. Along its western edge it is skirted — 
by a mud-bank, which is covered by water from 50 to 120 
deep. The structure of the land is thus continued into the sea, 
the extremities of continents, in other parts of the world also; ‘as 4 
the islands of Tierra del Fuego at the termination of South Ame 
In other cases, as on the coast of Norway, there is a rapid and c 
plete cessation of the high ground in the course of a very small d 
from the shore. *s 
There are numerous banks in the Pacific, especially south of 20° N. — 
lat. All the larger banks are surrounded by coral reefs, on ¥ } 
islands uf small extent often occur. [REEvs.] Near banks, the séa 
usually deepens to 200 and 300 fathoms, and even more. - i 
The subject of the depth of the sea in general next claims our — 
attention. We are best acquainted with the depth of several close 
seas, especially those which are much navigated. The depth of th 
Baltic is inconsiderable; it usually varies between 30 and 40 fatho 
and only in two or three places sinks below 100 fathoms. The North 
Sea is somewhat deeper in its northern part. Between the Shetland — 
Islands and the coast of Norway the depth varies between 80 and 
140 fathoms, but it gets gradually shallower towards the south. In 
the Straits of Dover the deepest is only 26 fathoms. The depth 
of the English Channel increases as we proceed towards the west, but 
very slowly. East of the Eddystone it does not exceed 50 fathom 
The Irish Channel is in general deeper. Though there are some plac 
between Wales and Ireland in which it does not exceed 40 fathoms, 
its general depth may be said to vary between 60 and 80 fathom: 
and in the strait between the county of Antrim and that of Wigton 
Scotland it attains ‘100 fathoms. The Mediterranean is much de 
than the Baltic and North more especially along the sot 
coast of Spain and about the d of Sardinia, where the depth 
varies between 500 and 1000 fathoms; but the d 
be in gt ome devoid of islands to the west of 
east of ta, where the depth is about 1760 fathoms. 
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nowhere to sink much below 50 fathoms, and these islands, in fact, 
belong to the continent of Asia; but on the coast of Northern 
Borneo, in the Straits of Lombrok, and near the middle of the Strait _ 
of Macassa, commences, southward and eastward, a very deep sea wank. 
hitherto unfathomed. yaks 

The main body of the sea has a much greater depth. re 

was : 


which the bottom of the sea has been reached; the places 
been fathomed, to Maury, are not deeper than 25,000 feet, or 
about four miles and three quarters, The deepest place in this ocean 
is probably between the of 35° and 40° N., and i ; 
to the southward of the Grand Banks of Newfoundland. The small 
general depth of this part of the Atlantic has given rise to the opin 
that the sea round the North Pole is not so deep as that wi 
rounds the South Pole, but this opinion has no foundation. Phipps 
and Scoresby sounded in several places between meray act 1 and 
Greenland with from 780 to 1200 fathoms, without ceca a bottom ; 
poeta Ps Rawr a ap in Le Bay and Bay. 
¢ Ocean the depth seems to be considerab! 
few soundings have been waae there, me dai 
te of the sea near the land varies with the nature of the 
shores. ere the country near the sea is elevated, and terminates in — 
high and rocky shores, the sea is generally of considerable depth, pb 
the flords of Norway. Such shores have generally good and safe 
harbours. But when a low plain terminates on the sea witha flat 
sandy bank, the sea is shallow and frequently continues to be so to a 
great distance from the shore. In vn A ging such shores are 
inaccessible even to boats, and vessels must keep at a distance of -_ 
miles, Such shallows consist either of sand or of mud. These low — 
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shores are generally destitute of harbours, or at least. they occur only 
at great distances, and much expense is required to maintain them in 
an efficient state : the harbours on rocky coasts are not subject to this 


_ It isa very remarkable phenomenon, which has not yet been satis- 
c ined, that the temperature of the sea decreases as the 
land is approached, and it also decreases on shoals and banks; and as 
a decrease may be detected by the thermometer at a considerable 
di from land, this instrument is now used for the purpose of 


as the end of the last century it was a generally received 
opinion that the whole mass of sea-water, from the surface to the 
bottom, had the same temperature in the same latitude. But nume- 
2 observations, which have been more recently made, have shown 
inaceuracy of this assumption. It has been found that the law 
which is constant for the earth must be inverted for the sea. The 
farther we descend into the interior of the earth, the higher is the tem- 
] ; but the deeper we dip into the sea, the lower is the tempe- 
the water. But this does not take place in the same ratio in the 
in Ross found the tem; re of the sea in Baffin’s 
below the surface, + 25°52", while the surface itself was 
, in 47° 18 N. lat., at a.depth of 5124 feet, found 
‘56°, and at the surface it was 46°22°. Sabine found 
the water in the Caribbean Sea, at a depth of 1000 fathoms, had 
temperature of 45°50°, whilst at the surface it was 83°30°, According 
an observation of Franklin, the water at a depth of 650 fathoms, in 
at 450 it was 41°; and at the surface, 45°. There 


58° 48’ W, lat. 
63° Temp. at the surface 54° 
depth of 300 ft. 62” Ata depth of 600 ft, 45° 
Ata depth of 900 ff. 50° At a depth of 1200 ft. 41°5 
Ata depth of 1260 ft. 47°5 At a depth of 1962 ft. 40°5 
At a depth of 1860 ft. 47-5 At a depth of 2652 ft, 40°75 
Lal 


As a proof of the increase of the temperature of the sea at a great 
depth, we copy the following observations, of which the first two were 
made by Beechey, and the by Prescott; the first in the Pacific, 
and the last two in the Atlantic Ocean :— 


14° 22’ Y, lat. 55° 58’ S, lat, 
Temp. of the air 87° 
Of the sea at it« surface 43°°5 


Ata depth of 600 ft. 4275 


Temp. of the air 91° 
Of the sea at its surface 88° 
At adepth of 600 ft, 57° 


| 


F UT ep compe toy 55° At a depth of 1380 ft, 4275 

Ata depth of 1800 ft, 485 At a depth of 1980 ft, 40°5 

At a depth of 2400 ft, 495 At a depth of 2580 ft, 41%5 

: 12° 22’ Y, lat, 

| | Temp. of the air 83” At a depth of 540 ft, 57° 
"Of the sea at its surface 62” { At a depth of 660 ft, 58? 
At adepth of 180 ft. 71° | At a depth of 720 ft.. 58° 
_ Ata depth of 360 ft. 61° At a depth of 1320 ft, 60? 


_ The renewed increase at a great depth is a very difficult problem to 
ers eeeiiotoen eny. be exingda cot conenael 
different degrees of temperature, as some have supposed. Sir James 
©, Ross ascertained, by seven different experiments, that between the 
_ pardilels of 55° and 58° 30'S., there is a belt encircling the earth, 
where the mean temperature of the sea, that of the greatest density of 


neutral border between two great thermic basins of the ocean. 

_ Bat there are facts on record which clearly show that in certain 
parts of the ocean there must exist: some by which the water 
of temperature than might have been expected 
Horner, in Krusenstern’s ‘ Travels,’ observes 
. Gulf-stream, the hand-lead, when it had 
descended to a depth of between 480 and 600 feet, was heated to such 

a degree that it was'impossible to take it into one’s hand. <A still more 
_ remarkable anomaly is presented by the temperature of the sea between 
; and Spitzbergen, In nearly every trial, Scoresby found that 

: ‘pea, at a depth of from 100 to 200 fathoms, was from 6° to 7” 
warmer than 2 eee le ieee he aceom- 
+ Captain Buchan in his expedition. ole, the water 
, ties fats axp-orect depth code found to be warmer than 

that of the surface. Some persons are of opinion that the melting of 
the great masses of ice, by which that sea is surrounded and partly 
covered even insummer, may have had the effect of cooling the surface. 
But thisis to the well-established law that the colder water, 
being the denser, sinks to the bottom, and the warmer rises to the 
surface ; and further, it may be asked why Ross and Parry, in navi- 

ing Davis's Strait, Baffin's Bay, and Hudson's Bay, where the masses 
of ice are neither less numerous nor less extensive, always found the 


contrary to take place. 


The important subjects of the distribution of temperature in the 
atmosphere over the sea, and of the mutual relations of the temperature 
of the two elements, will be considered in the article'TEMPERATURE 
TERRESTRIAL, DISTRIBUTION OF. if 

Masses of ice surround the two poles, The cause of this has been 
thns generalised by Sir J, F, W. Herschel :—‘ Beyond the 56th 
parallels of latitude, the temperature of the water is-lower-at the 
surface, and rises as the thermometer descends, till the level of 39° [or 
the temperature of greatest density] is reached. The sea, then, even 
in deep water, becomes frozen at the surface in the winter months, or 
rather through all that portion of the year which intervenes between 
the beginning of September and the latter end of June; July and 
August being, in high latitudes, the only open months... .. . There 
ean be very little doubt that, in the winter time, the surface of the 
ocean at both poles is entirely frozen; but at the North Pole it is 
probable, from many indications, that open water exists over a very 
large area of the central polar basin during a considerable portion of 
the warmer months.” Some of these indications are then stated, but 
a fuller view of them will be found in Sir John Richardson's ‘ Polar 
Regions,’ pp, 222-231. : 

It was formerly conjectured that the mass of ice inclosing the 
North Pole extended to the vicinity of 81° N. lat., because all navi- 
gators who had attained that latitude agreed in stating that the ice 
there rose to a great, height, and stood firm likea wall. This general 
opinion gave rise to the attempt of Captain Parry to reach the pole by 
travelling on this ice, which was supposed to be immoyable. But 
Parry was soon aware that he was travelling on ice which was in con- 
tinuous motion, being carried by a current towards the south and 
south-west, and this circumstance occasioned the failure of the under- 
taking. When he had advanced, according to his calculation, several 
miles to the northward in twenty-four hours, he found, on observing 
the altitude of the sun, that the motion of the ice had carried him as 
far southward, and that for several days he. had advanced very little 
nearer to his object. He was obliged to abandon the attempt, after 
having’ reached 82° 404’ N. lat. Thus we. have learned that the 
exterior parts of the great mass of ice supposed to inclose the poles 
consists of raoving masses, which lie close together, and are only occa- 
sionally divided from one another by narrow straits. _ The pieces of ice 
which detach themselves from this great accumulation and enter the 
open sea are called heavy drift-ice. The larger pieces of ice of this 
description are a mile in length and breadth, and upwards of 30 feet in 
thickness; but others are of less dimensions, The farther they advance 
southward, the more their dimensions are reduced by the action of the 
sun and of the water, But there are two other descriptions of ice- 
masses in the sea, which appear to have a different origin—the ice-fields 
and the icebergs. The term ice-field is applied to sheets of ice so 
extensive that their limits cannot be discerned from, the mast-head, 
They often ogcur of the diameter of 20 or 30 miles, and, when they 
are very closely united, they sometimes extend to the length of 50 or 
100 miles, Their average thickness may be from 10 to 15 feet, and 
their surface is mostly, level, except where hummocks or low ice-hills 
occur, and then the thickness is often 40 and even 50 feet. These 
hummocks are produeed by two fields coming into contact, when their 
broken edges are raised by the violent concussion, and thrown upon 
the fields Teatapheee. These hummocks, therefore, are usually situated 
near the edges of the field. In some fields the hummocks form ridges 
or chains; in others they consist of isolated peaks, The smaller fields, 
or those whose extent can be seen from the mast-head, are called jloes, 
The surface of these masses of iee, before July, is always covered with 
a bed of snow from a foot to a fathom in depth; this snow dissolves in 
the end of summer, and forms extensive pools and lakes of fresh water, 
The great extent and the level surface of the fields show that they 
cannot be portions of the ice over which Parry travelled. It is there- 
fore supposed that they are generated in the sea which lies between 
Greenland and Spitabergen, and which, though navigable during the 
summer, is covered with a continuous sheet of ice in the colder season, 
The fields appear to be the parts of this great sheet, formed by its 
breaking up at the approach of summer, When, on the further 
advance of the season, the field-ice and floes of the general surface 
break, the ice becomes heaped together in sheets confusedly piled on 
each other, into what is called pack-ice, or an ice-pack. The pellicle of 
ice formed oyer great areas of the polar seas, as the immediate effect of 
ageneral depression of temperature below th® freezing-point of sea- 
water, is called pancake-ice. It is, in fact, the beginning of the pro- 
duction of ice in the ocean; and the possibility of its existence, as 
well as that of all continuous masses of ice, depends on the property of 

tion, to which Faraday has recently called attention [lon ; 

ATER], and which Tyndall has applied with so much success to the 
elucidation of the phenomena of glaciers, the parents of i¢ehergs, to 
which we must now proceed. These are immense masses of ice rising 
to.a great. height above the level of the sea; some of them attain a 
height of 100 feet above the surface of the sea, and a few have been 
found which seem to be more than twice that height. Their base near 
the sea-level is not extensive, the er masses generally being not 
more than 4000 feet in circumference, though Middleton states that he 
saw one which was from three to four miles in circuit. The most 
common form of the iceberg is for one side to rise perpendicularly to 
the yery summit, the opposite side being very low, while the inter- 


4s SEA. 


mediate surface forms a gradual slope. Some have regular flat sur- 


faces, but frequently they present a great variety in form and appear- 
ance. Some of them resemble , or churches, or old castles, 
with spires, towers, windows, and arched gateways; while others 
resemble pyramids and obelisks, and others are like ships, trees, 
animals, and human ee elm oe number — are near ae 
another, which frequen ppens, they present the appearance of a 
mountainous country. When seen from a short distance, they look 
like huge hills of marble; and when the sun shines on them, they 
glitter like silver. Sometimes earth, gravel, and sand may be observed 
in them, Their prevailing colour in the fresh fracture is greenish- 
gray, approaching to emerald-green. This colour resembles that of the 
iers of Switzerland (Guacters, in Nat. Hist. Dry.], and the ice- 
are masses broken off from glaciers, or from barrier lines of 
ice-cliff. They are rarely met with in the sea between Greenland and 
Spitzbergen, esouee in these parts only a few glaciers approach near 
the water's edge. But on both sides of Davis's Strait and Baffin’s Bay, 
and also on the eastern shores of Greenland as far north as 70° N. lat., 
glaciers cover the land, and in many places advance to the shores of 
the sea. In some places they terminate in a precipitous edge on the 
coast. It is only in the sea which surrounds these coasts that the 
icebergs are numerous. They seem to owe their origin to the circum- 
stance of glaciers being in a continual state of progress. The glaciers 
of Greenland, which are situated on the margin of the sea, protrude 
their exterior over the ocean, and in summer, when the ice 
becomes brittle, the force of cohesion is overcome by the weight of the 
prodigious masses that overhang the sea, and they are detached from 
the glacier with a dreadful crash, Thus an iceberg is formed. These 
ice as it seems, are most common along the eastern shores of 
Gre d, and at the distance of 15 to 20 miles from the coast, where 
they occur by hundreds and thousands, forming a sort of barrier outside 
the drift-ice which is near the shore, and preventing its removal by an 
offshore wind. Captain Graah states that this barrier of icebergs 
renders it impossible for vessels to approach these shores, 

These masses of ice render navigation very dangerous; and the ice- 

fields especially have caused the loss of many whaling-vessels, These 
extensive masses are frequently put into a rotatory movement by a 
cause which has never been discovered, When thus whirled about, 
their outer edges acquire a velocity of several miles per hour, A field 
thus in motion,‘ coming in contact with another at rest, or with one 
that has a contrary direction of movement, produces a dreadful shock. 
The strongest ship is a mere atom between two such masses of matter 
in motion, and many vessels have thus been destroyed. The ice-fields 
are particularly dangerous in foggy weather, as their motions cannot 
then be distinctly observed. Ice’ are much less dangerous, partl 
on account of the small space which they occupy when compared with 
ice-fields, and partly because they are easily distinguished at a distance 
in the night by their natural brightness, and in foggy weather by a 
peculiar blackness of the atmosphere. As, however, they occur far 
from land and often in unexpected situations, sailors when crossing the 
Atlantic between 50° and 60° N, lat., or even farther to the south, 
must always be on the watch for them in the night time. Occasional: 
the whale-fishers derive some advantage from them. As they si 
deep into the sea, they are very little affected by the wind, ‘and they 
furnish secure mooring to a ship in strong adverse winds, or when it is 
required for other purposes. But mooring to lofty icebergs is attended 
with considerable fr Being sometimes very nicely balanced, they 
are apt to lose their equilibrium ; and vessels have often been staved 
and sometimes wrecked by the fall of their icy mooring, while boats 
have been overwhelmed even at a considerable distance by the swell 
occasioned. by such a catastrophe. Water is sometimes procured by 
whaling-vessels from the deep pools of water that are formed in the 
summer season on the depressions in icebergs, or, from the streams 
which run down their sides, 
* On approaching a field or any compact aggregation of ice, the ice- 
blink is seen whenever the horizon is tolerably free from clouds, and 
sometimes even under a thick sky, It consists of a stratum of lucid 
whiteness, which appears over the ice in that part of the atmosphere 
which joins the horizon. A clear sky presents a beautiful and perfect 
map of the ice, 20 or 30 miles beyond the limit of direct vision, but 
less distant in proportion as the atmosphere is more dense and obscure. 
Each kind of ice a different bli Field-ice has the most lucid 
blink, accompanied with a tinge of yellow ; that of packed ice is more 
purely white; and ice newly formed upon the sea has a grayish hue. 

According to the experiments of Scoresby, the ific gravity of 
the ice, when compared with that of sea-water vse fg in the Green- 
land Sea, at the temperature of 35° was ascertained to be from 0:894 
to 0900, That part of the ice, therefore, which is above the surface 
appears to be, to that below the surface, in the proportion of 1 to 
between 8 and 9. For every solid foot of ice which is seen in a mass 
floating in the sea, there “must be 8 or 9 feet below. Hence it some- 
times morpes that large icebergs, when they are carried into shallow 
water, take ground, and remain stationary for one or two years, until 
so much of their volume has been wasted by the action of the sun and 
of the atmosphere, that they begin to float again. 

It excited some surprise when it was discovered that the ice floating 
about in the sea consisted, of fresh water. It is true that it generall 
contains a very stall portion of salt, but it is probable that small 


interior open seas of the Arctic regions already mentioned, the layer of 
salt is often of considerable thickness. All this is i ity 

the fact, first definitely ascertained by Dr, Faraday, that in the ———- 
of ing the foreign _— core in pai are from 
it; agreeably to a principle which appears to 
orystallisation of most if not all fluids, of the separation of heteroge- 


neous matter. On account of the salt contained in it, sea-water does — 


not, like pure water, freeze at the temperature of 32°, but in the 
rtd Sea, where its specific gravity is 1°0263, it begins only to 
freeze at 284°. 

There is ~ any portion of the surface of the sea which is not 
subjected to some kind of motion, and this circumstance must tend 


ifested in the — 


greatly to preserve its purity. The water in some parts of the sea is = 


ed in the same direction by the currents. [ATLANTIC 


always pro’ 
a the whole sea is four 


Ocean; Pactrio Ocxran, in Geog. Dry.] N 


times in the day subject to a change in its level by the movements of 


the ‘tides. The motion produced by the winds, and known by the 
name of waves, is much less . Each wave presents a gently 
ascending to the windward, and a perpendicular descent lee- 
ward. The elevation of the waves varies according to the strength of 
the wind, A rather heavy gale raises them from six to eight feet 


above the common sea-level ; but in very strong gales they attain an ~ 


elevation of thirty feet. This motion of the surface of the sea is not 


perceptible to a great depth. In the strongest gales it is sup not 
to extend beyond 72 feet below the surface,‘and at a depth of 90 feet 
the sea is perfectly still. The form and even the size of the waves 
vary according to the depth and the extent of the sea. In shallow 
water, where the lower part of the waves approaches the bottom, and 


and long, and rise and fall with great r ity. 
run to a low shore, the slope of the ground breaks their 
terminate in a tranquil manner; but when they are impelled 


an elevated rocky coast, being repelled by the rock, they produce what 


is called a surf, This violent rising of the sea on a rocky coast some- 
times attains an elevation of 100 feet above the sea-level. The surf is 
always —— to pass, except in boats of a peculiar construction. 


The waves do not subside simultaneously with the wind. The momen- 


tum of the water preserves the sea in its agitated state for hours. 
The air being little agitated, or not at ail, is unable or ape the 
undulations of the sea, and therefore the waves during a calm after a 
gale rise higher, and their most elevated part forms a more acute 


angle than during the gale. Such a state of the sea is called a hollow 


sea, [WAvVE. 

The term m (a Greek word, Oceanus, Qkéavos) is applied in a 
general and somewhat indefinite manner to distingui e greater 
areas of sea, The word first occurs in Homer, who uses it to desi 


designate 
the river or stream which, according to his ideas, surrounded the sur- 


face of the earth like a circle, The Greek geographers, however, knew 
surrounded 


that the ocean was a wide expanse of water, which the 
land, and the term ocean was used by them in this sense. 
supposed that it penetrated deep into the mass of the continent by 
four great bays or seas: these were, on the south the Arabian Sea 

the Persian Gulf; on the west the Mediterranean; and on the north 
an imaginary strait which connected the Northern Ocean with the 
Bae Seaayiore (Strabo, p. 121; Pomp, Mela,i. 1.) [Grocrarny.] 

e actual surface of the globe may be reckoned at about. 
197,000,000 of square British statute miles ; of which 145,000,000 are 
covered by the waters of the ocean—now using this term in its widest 
and most emphatic sense, as meaning the entire collection of seas— 
while the area of the land is about 52,000,000 of miles; the proportion 
of land to sea being thus as about 1 to 3, the land occupying one- 
fourth, and the sea three-fourths of the entire surface of our planet. 
The latter, however, is so unequally distributed that there is three 
times more land in the northern than in the southern hemisphere, 
pally occupied by sea, and only one-twenty- 

earth has land opposite to 


little oe to hich 
station in that great hi 
explanatory of our peste it,| eminence, that London occupies nearly 


force, and they — 
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the centre of the terrestrial hemisphere.” He adds that “more 
exactly Falmouth,” the most westerly port of Great Britain, occupies 
centre. “The central point of the hemisphere which contains 
maximum of land,” he continues, “falls very nearly indeed upon 
The land in the opposite hemisphere, with the exception of 
tapering extremity of South America and the slender peninsula of 
Malacca, is wholly insular, and were it not for New Holland would be 
ite insignificant in amount,” < Outlines of Astronomy,’ par. (284), 
p pon: illustrative view of the distribution of land and water has 
In the space between the Equator 


Space) are water, while in the North Temperate Zone the quantity 
As the great depressions on 

» occupied by the principal part of the water on the 
globe, are connected together by comparatively narrow passages, and 
are therefore really united, forming one wide and continuous expanse 
of sea, the emphatic application of the term ocean, in the singular, is 
as obviously correct in modern Science, as it was in its original use by 
the Greeks. But notwithstanding this unity, the different parts of the 
cean are known by distinct names, the most important being the 
Pacific, the Atlantic, Indian, Arctic, and Antarctic oceans, There are 
also some internal seas of considerable extent, as the Mediterranean, 
the Baltic, and others, which are almost entirely inclosed by land, and, 
like the ocean, are filled with salt-water ; besides the isolated Caspian 
and Sea of Aral, and also the great gulfs and penetrating bays of North 
America, together with others, better known, but far less extensive, in 


In considering the Physical Changes of the Ocean, we find that 
the relations of sea and land in respect of area, height and depth, 

— of moisture, aérial currents, and many other circumstances 
Ww 


or of years which belong to history or tradition, appear to 


_ have suffered so little change, that nothing short of the complete proof 


and sea is variable, that the present aspect of the globe is but one 
term of a long series of successive transformations, the law of which— 


ial nature is imperfect, cannot in fact be ascer- 
tained, without the light derived from its past history, of which it is 
i The sciences of Geology and Physical 
to be parts of each other, alternately, 
to the aspect in which they are viewed. N early all aqueous 


in Sometignting the physical changes of the sea during past 


“eb sortongaoe completion. 
Are the ive areas of sea and land constant? To this geology 
replies, that what is now land was formerly the sea; that in some of 
the parts which are now covered by water land anciently existed, so as 
to pour down rivers, conveying sediments of different sorts through 
and plains clothed with The land which 
We behold is the bed of the ancient Sea ; or, to speak more precisely, it 
is composed of the dried indurated sediments and the cooled volcanic 
Peter which, during long intervals of time, ula 


@ relative level of the land and sea constant? 
affirm it. We cannot deny the existence of causes which may change 
generally and continually this relation, any more than the operation of 
agencies which locally and at intervals are known to derange it. If 
ge of temperature in the earth itself, or com- 
municated from the Petr Spaces around it, or occasioned by any 
condition affecting the radiation of heat in the atmosphere above it; 
the unequal influence of this change on the unequally expanding and 
contracting liquid and solid masses will necessarily occasion variations 
in the relative level of sea and land. Now, grok 

i many facts regarding the fossil © remains of plants 
and animals, which admit of no clear eral explanation except by 
extensive, perhaps general ¢ of climate. There is 
ing positively known which forbids the belief that such changes 
may be still really , however slowly, in 3 there is abundant 
pet of le local a Fa the — of land and sea 
comparatively modern logical, hi 5 even very recent 
periods, and = Sayward movecnent of land is actually traceable and 
measurable on the coast of Sweden and N orway. 
A change of a few degrees of temperature, a change of the relative 
height of the land, a change even in the polar distance of the masses 
ARTS AND BCI. DIV, Vou, yrr, 


ages a the earth’s history, of which the changes it is now undergoing | &c. 


of land, would materially affect many secondary phenomena: The 
atmosphere would be affected in regard to its moisture, translucency, 
rate of diminishing temperature, prevalent winds, and quantity of rain. 
Its power of sustaining particular organic structures both on the land 
and in the sea would be altered ; and thus we see in the variable 
nature of the relations which unite the land and the Sea, elements of 
continual change in the mechanical, chemical, and vital phenomena of 


The ocean is continually receiving the spoils of the land, by means 
of the rivers and the action of the waves on the Sea-coast ; and from 
that cause, theoretically, would be constantly decreasing in depth, and 
as the quantity of water is always the same, its superficial extent 
would increase and its level consequently rise. 


munication to the Geological Society, the action of the sea on the 
shores, and of the rivers upon the land,—if the matter they all wear 
from the land, and carry down in the form of sand and mud, together 
with that, probably still greater in quantity, which they carry down 
in chemical solution, to be decomposed in the sea, and in part precipi- 


an three 


elevations o mountains, heights of canals, summits, railway stations, 
Above all it should be taken for the term of comparison whenever 
it is wished to determine the relative elevation of different parts of 
the open sea, though there may be cases when landlocked waters and 
tide rivers may require the use of another line of reference, The 
horizontal line which bounds thé land and sea, the outline of the coast, 
is variable ; it is annually displaced by the wasting of some tracts and 
the augmentation of others. Since the Roman sway in Britain, a large 
portion of the rich marsh-lands of N orfolk, Cambridge, Huntingdon, &e., 
have been recovered from the retiring sea; but in the same period the 
east coast of Yorkshire has lost many square miles of territory, and is 
still losing at a fearful rate, (Sir C. Lyell has collected abundant 
examples in his ‘ Principles of Geology.’) This unequal action depends 
partly on the slope with which the land and sea meet; partly on the 
nature of the materials comprising the coast, partly on the set of the 
tides and currents, 

The modern ocean is the theatre of many operations similar in kind 


impressions ; and when he beholds such surfaces in rocks covered by 
other deposits thousands of feet thick, will not hesitate to admit in 
such cases that great depressions happened along the margin of the 
ancient sea during the formation of these strata, followed by still 
greater elevations at a later period, 

The distribution of life in the modern ocean is one of the circum- 
stances most important to know. i i 
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Within these few years, however, reason has been seen to modify 
these conclusions; and in the course of the year (1860) the 
researches of Dr. G. C. Wallich, on the bed of the North Atlantic, have 
shown that animal life, in various forms of foraminifera and radiata, if 
not of higher groups, exists at vast depths. It ought, indeed, to have 
been seen long ago, that the uniform bution of pressure effected 
by the water, would preclude the destruction which it was 
reasonable to infer that the partial accumulation of pressure would 
have caused, 

The proportion which exists between the sex and land has contri- 
buted to maintain the productive powers of the earth. If that pro- 
portion were materially changed, its productive powers would be 
changed also. The sea, by means of the vapours continually rising 
from its surface, supplies the atmosphere with sufficient moisture for 
the support of organic life. Countries which do not e of the 
benefits derived from this source, and which are not refreshed by rain 
or dew, are uninhabitable and destitute of all kinds of vegetation. 
Those parts of the earth which are farthest from the sea are much less 
fertile and populous than those which, owing to their greater vicinity 
to it, receive a larger supply of moisture from this great source. The 
sea contributes also considerably to the advancement of civilisation. 
At the first view it seems to constitute an insuperable obstacle to the 
communication between nations who inhabit countries widely apart 
from one another; but the ingenuity of men has converted the ocean 
into the most frequented ge seed on the globe. The easy commu- 
nication which is thus established between nations at great distances 
from one another, has perhaps more than any other circumstance con- 
tributed to improve the condition of the human race. It is at least 
certain, that all those nations which have acquired any considerable 
degree of civilisation inhabit countries either contiguous to the sea or 
at no great distance from it. 

On the subjects of this article, four works may be particularised, 
which, of course among many others, may be consulted with advan- 
tage: Sir John F. W. Herschel’s ‘Physical Geography ;’ Admiral 
Smyth's ‘ Mediterranean ;’ Sir John Richardson's ‘ Polar ions ;’ and 
* The Physical Geography of the Sea, and its Meteorology,’ by Captain 
Maury, the American bydrographer. The last is an immense repository 
of facts, relating chiefly, however, to the Atlantic and its marine depen- 
dencies ; and many views entertained by the author are not wholly 
aceepted by British hydrographers and meteorologists. 

SBA DEFENCES. When the tidal action, or littoral currents 
attack a seashore, it becomes necessary to protect the latter from 
the gradual abrasion thus produced. The mode in which the defences 
thus required are constructed, must depend not only on the peculiar 
form of destructive action to be guarded against, but also on the 
nature of the materials at hand; the various conditions to be observed 
may, therefore, be the most conveniently noticed in the course of the 
description of some of the most important works of the kind actually 
executed. 

On rocky shores of the granitic and crystalline formations, the sea 
acts principally by its direct impact, or by the tidal currents, although, 
no doubt, the effect of the constant humidity, and of the splashing of 
the waves, must produce a destructive action on the constituent parts 
of the rocks, In these cases, and especially when deep water comes 
close in-shore, the most economical, and in all cases the most efficient 
sea defence consists of a solid masonry wall, built of the largest and 
hardest stones wlich oan be obtained, and finished with a curvilinear 
batter of about 1 in 40 from the sea. Colonel Emy, and the French, 
Spanish, and German engineers sometimes make the u parts of 
their curvilinear defence walls continue beyond the axis of the curve, 


ae 


so that at the top the curve again comes towards the sea; and they 
adopt this construction because they believe that, in consequence of the 
projection of the top, the crown of the wave striking and running up 
the face of the wall would be thrown outwards, instead of breaking 


over the wall. It is to be suspected, however, that the repercussion 
produced by the wave falling upon the toe of the wall is even more 
injurious than the effect of the water falling at the back or inside; 
and the best hydraulic engineers at the present day are in the habit of 
erecting their sea-walls with continuous batters in the same direction, 
and of protecting their in-shore faces by good paving on the top of the 
backing, and by good drainage. It vont be impossible to attach too 
much importance to the necessity for providing against the effect 
of any sudden interference with the translation of a deep sea wave, 
especially when it has been driven for a short distance over an inclined 
fore shore, and has been exposed to the action of winds or currents 
able to increase the velocity of its motion. In some cases, the velocity 
has even been observed to attain as much as 70 feet per second; and 
from observations made at Cherbourg and Algiers, it would seem that 
the power of waves to. communicate horizontal motion sometimes 


attaims as much as 291 Ibs, per foot superficial, The spray has at 
times been dashed over the Rock, a height of 117-feet ; and Lord 
Adair states, that he has measured on the coast of Ireland, rolling 
breakers of 150 feet in height. The quantity of water a wave of this 
peri sess might carry over the crown of a wall would be enormous ; 
and though there may be few positions wherein they occur, even 
smaller waves are sapebie of producing effects of a very serious nature, 
if the water they furnish were not prevented from washing away the 
backing of the structure on which they might break. On the shores 
actually exposed to the shock of such waves as those described by Lord 
Adair, it would be almost impossible for human skill to contend with 
the forces of nature; but fortunately, these waves are only to be met 
with on what are known as iron-bound coasts, where the character 
of the rocks is such as to enable them to resist the action of the sea. 

It may be gathered from ao Eerste a that Ho be thus 
nec to inst the ency of breaking waves to produce 
neal dlosiceaneah ont to remove the backing of a defence wall, it 
must be equally important to against the tendency to under- 
mine the footings on the seaward face produced by the receding wave, 
or the undertow as it is technically called. This object is 


effected in the more moveable strata, by constructing an apron, or in 
fact, a iés of flat wall, presenting the same n as the 
natural line of the fore shore; and built with every precaution to 


ti 

ensure the stability of its face, by the introduction of longitudinal and 
of transverse ties, and by protecting the edges by continuous piling. 
At the Plymouth breakwater the sea slope was paved with 
blocks of marble, or of granite, dovetailed and cramped together at an 
enormous cost; at Cherbourg, the sea slope was protected by huge 
blocks of rubble masonry set in Portland cement; and on the Dutch 
coast, where the angle of inclination of the shore is extremely flat, the 
apron walls of sea defences are often made of brickwork set with trass 
mortar in wooden frames. The choice of the system to be in 
any particular case must depend on the maximum violence of the 
waves there observed ; but it may be worth while here to mention 
that in exposed situations on the shores of the ocean, blocks of nearly 
500 cubic feet, of a material possessing a ific gravity of 2°2, are 
susceptible of being displaced by the force of the waves. 

These remarks with respect to defence-walls on the shores — 
of resisting rocks apply equally, or rather & fortiori, to the defences 
required for formations of a softer nature. The action of the sea upon 
them is, however, of a rather more complicated nature than that which 
takes place on granitic, or crystalline shores; for it will in many cases 
be found that at the feet of limestone, or clay clifis, there are large 
deposits of shingle com; of the detritus of harder rocks, carried 
forward by the force of the currents, and of the tides, according to 
peculiar laws. If this shingle should only advance slowly it a 
to the surface of the shore, by forming as it were a mai on 
which the waves might break without csi | the subjacent rocks ; 
but if, on the other hand, the shingle should have any tendency to 
lateral displacement, it will materially assist the sbvadlay action of 
the li currents by the friction it exercises at the base of the cliffs. 
The outlines of a limestone, or of a clay, shore often bear traces of this 
action; and they exhibit cliffs which are nearly vertical in their 
upper portions, but hollowed out about the zone of tidal action; 
at their feet there is usually a shingly beach, in which the stones 
have been abandoned by the receding waves according to the ifie 
gravities of the stones themselves, or, in other words, the ; 
pebbles are always at the top of the beach. The defence of shores 
of this description may either be effected by walls with a as 
before-mentioned, or by the construction of stonework, or of timber, 
groynes, placed at right angles to the advance of the shingle, in order 
to fix the latter. Groynes are in fact dwarf-walls, proj 
_ above the ye! of the Marg and bes opera ing te the lg of 
ow water; an act by retaining the an shingle in 
re-entrant angle, until it has accumulated to such an extent as to be 
carried round the point, or over the top of the groyne. In great 
storms the groynes are often laid bare, and there is danger of their 
being then ermined ; and, indeed, the actions to which they are 
exposed are so violent, that it may fairly be laid down as a rule that 
it is preferable to form them of cheap, temporary materials, than to 
form them in a permanen’ 

The consolidation of 


~' 


i manner. 

shores of soft alluvial formations may be 
effected in various manners, according to their outlines under the 
action of the currents. If the natural inclination should ha) to 
form a very small angle with the horizon from the line of the low 
water, it would generally be desirable to crown the is a the slope 
by a vertical wall, of either masonry or of timber. In Hi the dykes 
are executed of earth work, sometimes with rather an abrupt talus 
towards the sea; which talus is protected by stone oat, ll others 

the slope is made with a much flatter angle, and two or 

rows of piles, standing up above the face of the mre, are inserted for 

the purpose of breaking the force of the waves; at others, the face 

of the earthwork is protected by a species of wall composed of bundles 

of reeds, fascines, &, The hearts of these embankments are formed 

with reeds and fascines, and especial care is taken to attach them firmly 

to the subsoil, as well as to secure an efficient system of back drainage. 

Many instances occur in which the banks of the more protected 

polders of Holland and Flanders are constructed in the same manner 
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as cofferdams, that is to eay, by means of puddle banks rammed 

in between sheeting enclosures; and near Havre, in the bay of the 

Seine, the fore-shore is defended by a regular timber stockade formed 
ies, and 


piles; earthwork is carefully 
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stones, while the used searabwi, kheperu of porcelain, 
or vitrified soapstone with ey aha metpeerap alh g 
as = a ty ips ot poems tg ped ee 

mud F by papyri, linen or , to docu- 
ments (Pari ane oa Sho Ceaes “hulle font a 

UMMY. were 

other poh sete Im of seals with the 
names of Sheshank, Nafaarut, Amasis, and other monarchs, exist in the 
British Museum, Seals were extensively used by the Egyptians : 
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wr sardonyx for the same purpose, and 
searabei of the same or onyx, with devices of native 


incipal heroic and mythic personages of Greece, with Etruscan 


_At the earliest epoch the Greeks used impressions of worm-eaten 
pieces of wood. The use of signets and seals among the Greeks appears 
to be as old as the 6th century B.c., the earliest example being the 
celebrated emerald ring engraved by Theodorus for Polycrates, tyrant 
of Samos, Such signets were called sphragides, semata, semcia, or 
semanteres, and were worn on the fourth finger of the left hand. 
Those of metal only were called apsephoi, the stone itself being psephos, 
and the chaton sphendone, ecmageion, aposphragisma, ectyp The 
impression of the seal was made on a fine clay, the ge semantris or 
sealing earth, not wax. Seals were placed on doors, and on things in 


;| the house to prevent the pilfering of slaves. The seal itself was 


protected by a shell or scale. 
The use of signets amongst the Romans appears to have been 


introduced by the Etruscans, whose gemmati annuli, or rings with 
stones, were subsequently used by the Romans as old as Tarquin the 
elder. Senators sent as ambassadors had a gold official signet given 
them by the State, but used an iron ring in private: gold rings or 
signets were limited to the senators and knights, and the jus annuli 
aurei, or rights of the gold ring, had a certain | status under the 
Empire. But their use was extended by Tiberius to freedmen, by 
Severus Alexander and Aurelian to the troops, and under Justinian it 
had entirely disa The signet of the Emperor was a state seal, 
generally engraved with his own portrait or favourite device. The 
chaton, or which held the stone, was called pala. The various 
gems were engraved by excellent artists, who sometimes placed their 
names, or the name or initials of the possessor, on the stone; but glass 
seals, called by the Greeks sphragides hyalinai, and vitree gemme by 
the Romans, were used by the poorer classes. These came first into 
use about 416 B.c. The impressions were made in Lemnian and 
ing clay, cretula, sigillaris creta, stucco maltha, or still more fre- 
a ly wax. The Romans sealed bags of money, granaries, doors of 
female a and other objects, but principally writings or 
letters; the papyrus or tablet was tied up with a cord and the seal, 
signum, on it ; wills particularly required seals, and under Nero 
the law ordered them to be pierced at the margin with a cord, which 
thrice passed round them, and the seal was then applied, and the 
_—. required the seals of the seven witnesses to validate a will. 
evices of the seals of the emperors appear to have varied, and no 
i eyistbol id Gesd for the state: baal Julius Cesar used 
enus, Augustus a sphinx, which he changed for the head of 
lexander the Great, which continued till Nero; the following 
emperors used various symbols. Private individuals used indifferently 
all sorts of devices During the a leaden seals were used for 
private purposes, and after the age of Constantine, flat circular metallic 
seals called bull, made of gold, silver, and lead, attached by silken or 
woollen bands to the documents, came into use. 

The Byzantine commence with Valentinian and Valens, a.p. 364, ~ 
and have on one side the figure of the Emperor, on the other that of 
the Virgin; dignitaries and private ns of the also 
leaden seals, with Christ or the Virgin, or only their own 
The devices of the sedls of the Christians at this 
pie were fishes, fishermen, lambs, and vines. After the fall of the 

estern Empire the use of the leaden bull was assumed by the Popes, 
the oldest known being that of Deus dedit, a.v. 615-667, with a male 
figure standing between a lion and a lamb and A.O. Small seals were 

till Honorius II., 
became larger, and the 


7 


name of the pope ai in full, with the heads of St, Peter-and 
St. Paul, and a cross between them; the ordinal after the papal name 
dates from the 11th century. Besides these the Popes used the 


seal of the Fisherman, or privy seal, on which was St. Peter 
this was impressed on ~wax en.placard. The use of 
the bulle in Western Europe continued till the 16th century, the 
Emperors of Germany, princes of Calabria, the doges of Venice, dukes 
of Lorraine, and counts of Toulouse, continuing to use them. In the 
13th century no priest was allowed to travel without a permission 
sealed with a leaden seal. The use of golden seals commenced about 
the 10th century, having been first used by the Byzantine Emperors 
and , Venetians and others, and occasionally for important 
documents as late as the 16th century, Henry VIII. and Francis I. 
having [gee gold seals to their treaty at the Field of the Cloth of 
Gold. Silver seals were sometimes used by the Byzantine Emperors, 
the pri of Capua, and other Italian potentates, But all these were 
gradually superseded by wax seals. On the fall of the Roman 
pire the art of seal engraving was lost in the West, but lingered at 
Constantinople. The early kings of France from Carloman, 4.p. 769, 
to Louis VIII, 1176, used antique gems. Sealing en placard con- 
tinued in France from Clovis I. a.p. 481, to Louis le Gros, 1108, in 
whose reign seals were first appended, and in Germany till the close 
of the 12th century. 
The seals of the Merovingians represent busts with long hair, the 
Carloyingians bearded profiles, but appear to be impressions of ancient 
s. The title of Dei commences with Charlemagne ; Hugh 
, 987, is first seen asceptre. Robert has an oval pointed seal 
with a half-length figure. Henry I., 1031, was the first who used the seal 
of Majesty as it is called, representing the king seated on the chair of 
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Dagubert. Louis VI.,1108, is the only one with an equestrian figure 
on the reverse. Small counterseals on the reverse commence with 
Philip 11,1185. Louis [X., 1252, first appears with a crown fleury. 
John II, 1350, has two eagles’ heads om his chair. Louis XIL, 1500, a 
double gryphon. The king seated on the throne continued to be 
the type, with the exception of the great seal of Louis Philippe, 
which has on one side his head in profile, and on the other his arms or 
the two tables of the charter and law, The carly seals of the German 
empire are like the French. Henry II. introduced the seated figure, 
which, after Frederick L, 1493, was abolished. Denmark used bronze 
seals; the Swedish seals resemble the German; those of Spain date 
from the 12th century ; the doges of Venice, 1306, used gold bulla, 

The seal was after the name of the chancellor or his deputy 
in white wax; an incision in form of a cross, or with saltire edges 
turned back, having been made in the parchment and passed through, 
so as to form acake or mass on both sides. This mode of sealing 
en placard being easily forged, the counter-seal was introduced by the 
princes of Lombardy, a.p. 901. The custom of appending seals was 
not introduced earlier than the 12th century; tails commenced in the 
18th century, leather, hempen string, silk, parchment, were used for 
the purpose, and the seals were placed at the bottom, top, sides, or 
even all round the document. As many as 350 seals were appended to 
one document presented to the Council of Constance. Owing to the 
injuries to which seals were liable, it was not unusual from the ]4th 
to the 16th centuries to protect them by a little frame work or torse of 
rush twisted round the seal; in the 14th century a wrapper of paper, 
neat bands of the same, beech, bay, and oak leaves, were placed over 
seals, and in France in the 15th century they were protected by tin 
boxes. 


The French regal seals differ from the English and German by the 
use of the counterseal, which is not more than an inch in diameter; 
while the great seal of England retained an impression of the same 

itude on both sides. In France, during the Ist race, the seal was 
held by the referendarius, under the 2nd, or Merovingian, by the 
archichancelier ; aprocrisaire, archinotaire, archichapelain, under the 
3rd, or Capets, by the chancellor, who originally wore the seal round his 
neck, but when the seal became of large size, it was deposited in a box, 
and the chancellor always carried the keys about him in a purse, and 
theqpox was carried in certain ceremonies on a caparisoned horse, In 
this box were three others: 1st, for the great seal and counter-seal ; 
the 2nd, that of Dauphigny; the 3rd, that of the order of St. Louis, 
besides which, the king had his private seal. Yellow wax was used for 
the impressions, except for ordinances, edicts, and letters entitled “ 
Tous presents et & venir,” which were sealed with green wax, and the 
same colour was used for those of Dauphigny; other documents of 
which were sealed in red. In 1789, the office of chancery disappeared, 
but a new one was re-established in 1808, and superseded by a com- 
mission in 1811, and in 1830 incorporated with the office of minister 
of justice. 

The earliest seals of the Anglo-Saxon monarchs, Offa, Ethelwolf, and 
Edgar, are en placard; of Coenwulf, 755, there is a leaden bulla; of 
Edward the Confessor, two wax seals pendent. Coke mentions seals of 
Edwy, a.p. 956, of Offa, a.p. 755-94, The Normans introduced wax 
seals, at first of moderate size, having on the obverse the king in 
armour on a caparisoned horse galloping, and on the reverse, the king 
seated on a throne, a type maintained to the present day. The expense 
of engraving a new matrix being very considerable, the monarchs were 
content to use those of their predecessors, Edward II. added to that 
of Edward L., and Edward III. used the same with the addition of two 
fleur-de-lis. Edward III. altered his seal eight times for political pur- 
poses. Richard II. used his father’s last matrix, merely inserting his 
own name, Henry IV. and V., the same, by the same process, 
Henry VI. a new matrix, like the French, with a counter-seal. 
Edward IV. a new gold seal, like that of Bretigny; Edward V. his 
father’s, and Richard III. the same. Henry VII. a new matrix, like 
that of Edward IV., and Henry VIII. one in the style of Francis I. 
The matrix of the seal of Henry IV. was of gold, the chancellor used 
a silver matrix, which was of 10 Ibs. weight, and cost 137. 10s. for 
material alone. The great seals of Scotland commence with Dunean 
IL. 1096, with equestrian and seated royal figures. Alexander I., 1107, 
introduced the counter-seal. There were also great seals for Ireland, 
commencing with Henry II., a leaden matrix of which is known. There 
are, besides, the privy seals, having the royal arms only. 

Next in importance to the royal seals are those of the eccclesiastical 
bodies and dignitaries, At first the bishops only used a private or 
peculiar seal, but at the close of the 9th century each prelate began to 
use a particular form of seal, in which was impressed the name and 
titles, and image, at first half length, then standing or seated, clad in 
his pontifical dress, and holding a crozier in one hand while giving the 
benediction, or holding the gospels in the other. ing the 11th and 
12th centuries the bishops were presented either standi ig or seated, 
but in the 13th and 14th the seated attitude specially designated the 

i office. Sometimes the figures of the saints were substituted 
for those of the mre During the 13th century mottoes were 
introduced. In the 14th century the designs became more rich and 
varied, and in Germany the bishops and other religious functionaries 
placed their eacutcheon on their seals beside their figure. In the 15th 
century the escutcheon, used at first only for the counterseal, became 


substituted for all other devices with few exceptions, Latterly the — 
devices of the episcopal seals in France have been an imitation of those 
of the 13th century. The corporate seals of the abbeys, chapters,and 
other ecclesiastical bodies often have a representation of the religious 
edifices to which they belonged, or figures of the patron saints. The 
abbots and priors and prioresses often impressed their own images; the 
numerous minor functionaries were restricted to a device, or the figure 
of the patron saint. i 

The corporate seals of the 12th century have the towers, castles, 
gates, or city walls, the use of armorial bearings, which superseded 
ultimately all other subjects, not being older than 1365. ‘ The mayors 
and other municipal functionaries used a device or the city arms. In 
England the cinque ports have ships of war. The devices of the seals 
for the passes or passports of labourers were prescribed by the statute 
12 Richard IL., 1388, 

The use of seals, as a legal formality, was introduced into England by 
the Normans during the 11th and 12th centuries, All persons of the 
ranks of knights and above used a horseman armed at all points going 
to the fight or chase; females had their effigies; but rude forms, birds, 
eagles, hawks, lions, dragons, crescents, and stars, are the common 
devices of the period. The legend surrounding the device, generally 
in Latin, contained the name and titles of the bearer. Secular persons 
used circular seals, ecclesiastics and women the pointed oval; counter- 
seals, secreta, do not occur earlier than 1170: the wax used was white — 
bees’-wax, sometimes painted red, but wax became common at — 
the close of the 12th century; during the 13th and 14th centuries 
armorial bearings were introduced by the knights and others entitled 
te wear them, while the middle casses adopted arbitrary devices— 
fleur-de-lis, agnus dei, &., grotesques, and emblems of their craft or 
calling. From the reign of Henry III. the style and art much im- 
proved; the shape of almost ail the seals of this period is oval, the 
wax generally green, and the counterseal from the year 1200 in common 
use. After the year 1400, personal seals, not of an armorial character, 
decline in size and importance; and merchants’ marks composed of 
monograms, introduced by the Flemings, are common devices of the 
15th and 16th centuries. From the 12th to the 15th century antique 
gems set in silver were often used. . 

Personal seals have either the representation of the person to whom _ 
they belong, armorial bearings or arbitrary devices ; only the nobility 
used personal effigies, as armed, on horseback, or holding their shields ; 
ladies stand holding a bird or fleur-de-lis, Equestrian seals are ci ; 
the others pointed. Armorial bearings begin in the 12th and continue — 
till the 13th century ; at the end of the 15th the middle class assumed _ 
coats of arms. Plain arms on pointed shields are the oldest; at the 
15th century the shields are surrounded with . They are 
generally orbicular, elliptic, or in form of a shield, and the matrices 
were flat, with a dorsal ridge and little ring ; at the middle of the 14th, 
helms with feathers, crests, and support appear, and Gothic letters, © 
which become common in the 15th century. Seals with grotesque 
devices and mottoes, assumed at pleasure, were in general use during 
the 14th and 15th centuries: love seals had two heads facing; and a 
favourite device was a squirrel. But after the 15th, and in the” 
beginning of the 16th, a great change took place, the wax was covered 
with white paper and impressed, and at a later period wafers placed 
between paper were introduced, while sealing-wax was invented by 
Rousseau in the 17th century, and the seal, originally the substitute for 
the signature, at last degenerated into a legal formality and fiction, _ 

The matrices of the early mediwval wax seals were made of lead 
for the middle and poorer classes, silver appears to have been used by 
the nobility; and.in the 13th century a mixed metal resembling brass, 
long confined to Cologne, was used for the matrices; jet was used 
occasionally, and the matrices worn as amulets. The matrices are 
generally flat disks, about $ inch thick, sometimes with a dorsal ridge 
and a ring or loop for suspension. The double seals have projecting 
rings at the sides, with pins for securing them when in the press. 
The shape varied at different epochs: under the Merovingians they 
were orbicular; under the Carlovingians, small oval. In the 14th and 
15th century the sizes increased ; but the ordinary forms are pointed 
vesica, oval, and angular ; although trefoil, horseshoe, lozenge, square, 
octagonal, and other varieties occur, The matrices were sometimes 
forged, dies of Pius II. for making false bulle having been found in 
London, and a false leaden matrix of Henry II, for Ireland still exist- 
ing. The colour of the wax differed according to the period: white 
was employed by the French kings of the first three races, the 
emperors and prelates of Germany, till the 13th century; the kings of 
England from the time of Charles I., and some orders of knighthood. 
In ce, Louis VIL, a.p. 1137, first used red wax; William IL. in 
England; and Frederick Barbarossa, in Germany; and monastic 
orders and territorial barons for judgments, quittances, and other 
charters during the 14th and 15th centuries, Phili Augustus, a.p. 
1180, first employed green wax, which was also io by the nobili 
and ladies, Black was employed by the Teutonic order in the 13 
century. The form of the letters of the inscriptions changed from 
time to time; Roman capitals were in use till the 12th century, when 
Gothic letters commenced with the form SI, SIG, or SIGILLVM; 
and in the 14th century the legend was preceded by a cross +, and 


later by a rosette or star.’ Latin was the language usually employed, d 5 


The name of the seal was sometimes on the legend, as sigillum coms 
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mune, common seal; sigillum secretum, privy seal; contrasiyillum, 

counterseal. The early French seals haye invocations, as Christe 
Pippinum Regem, “ God save king Pepin.” 

|, the seals of conveying parties are now essential to all 

legal instruments whereby real estate is conveyed. The law recognises 

ei Seda wah seal in custody of the chancellor, attached 

to 


common law, the privy seal kept by the Lord Keeper, 
issue of treasure, disposition of 
discharging a debt ; the signet, or privy signet in custody of the prin- 


valid 
_ ¢ipal secretaries of state, valid as authenticating the sign manual, and 


The counter signature of a principal 
statute for the use of all the seals. 
m Littleton, by Hargrave and 
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The study of seals is one of the most important in archmology; 
after the fall of the Roman Empire they Se inne 
and show the state of the glyphic art; of 


de di , 4to Par., 1759; De Wailly, Elements de Paleographie, 
Ato, 858, vol. ii.; Travaur de la Société Sphragistique 
Geers Proceedings of the Archwological Institute, London, 


another workman, by whom the sticks are rolled on a cold slab 
beneath a smooth of wood or metal. The sticks are now polished, 
eae ya them successively between two contiguous 
charcoal fires till the is fused, which produces the polish, One 


nations, whose rights cannot legally be varied by the inter- 
in any manner of mere force, of the authority of the sovereign 
+a that is as reasonable as it is necessary, 


de | ships inconsistent with amity or neutrality ; and, if 


Other | deserters must be 


for, as his lordship says, “ Till they are visited and searched, it does 
not appear what the ships, or the cargoes, or the destinations are; and 
it is for the purpose of ascertaining these points that the necessity of 
this right of visitation and search exists.” 

In the exercise of the right of search upon a neutral vessel, which 
must be conducted with as much regard to the rights and safety 
of the vessel detained as is consistent with a thorough examination 
of her character and voyage (the Anna Maria, 2 Wharton’s (Amer.) 
Rep. 382), the first and principal object of inquiry is generally 
the ship’s papers. These are, the passport from the neutral state 
to the captain or master; the sea letter, or sea brief, specifying 
the nature and quantity of the cargo; the proofs of property; the 
muster-roll of the crew, containing the name, age, rank or quality, 
place of residence, and place of birth of each of the ship's company ; 
the charter party ; the bill of lading ; the invoices; the log-book ; and 
the bill of health. (Abbott, ‘ On Shipping,’ 9th edit., 288.) Upon the 
subject of the ship's documents, it should be observed, that if she is 
not properly documented, or if there has been a spoliation of papers, 
and other signs of bad faith, these are grounds of unfavourable pre- 
sumption, the effect of which is not to be avoided except by clear and 
satisfactory evidence to the contrary. (M‘Lachlan, ‘ Law of Merchant 
Shipping,’ p. 481.) 

The penalty for the violent contravention of the right of visitation 
and search, is the confiscation of the ship and cargo; and a rescue by 
the crew after the captors are in actual possession is considered as the 
same thing with a forcible prevention. In either case the resisting 
ship may be seized in the same manner as if it belonged to the enemy, 
and, being brought into port, will be condemned as prize. 

Of course, any of the belligerent powers may agree with any of the 
neutral states that the right of search shall only be exercised in certain 
circumstances ; and thjs is the first limitation that falls to be noticed. 


| “ Two sovereigns,” Lord Stowell has said in the same judgment, “ may 


unquestionably agree, if they think fit, as in some late instances they 
have agreed, special covenant, that the presence of one of their 
armed ships along with their merchant-ships shall be mutually under- 
stood to imply that nothing is to be found in that convoy of merchants’ 
rene ioe 
accept thi , no thi has a right to quarrel with it, an 
more than with any other p! . which they may mutually rd 
accept. But surely no sovereign can legally compel the acceptance of 
such a security by mere force. The only security known to the Law 
of Nations upon this subject, inde ent of all special covenant, is 
the right of personal visitation and search, to be exercised by those 
who have the interest in making it.” Lord Stowell here alludes to the 
pretensions of the northern powers in their convention for the 
establishment of what was called an armed neutrality in 1800, one of 
the clauses of which was, “That the declaration of the officers who 
shall command the ship of war, or ships of war, of the king or emperor, 
which shall be convoying one or more merchant-ships, that the convoy 
has no contraband goods on board shall be sufficient; and that no 


search of his ship, or the other ships of the convoy, shall be permitted.” 


It is sometimes stated that this was also one of the principles of the 
previous convention of the same kind formed by the northern powers 
in 1780; and there may perhaps have been an rae weseryes Mrmr 
the contracting parties to that effect; but we do not find it distinctly 
avowed in any of their published announcements. The position in 
—— namely, that the presence of a ship of war should protect 

search the merchantmen under its convoy, never has been admitted 
by Great Britain. 

But it is now universally admitted that the right of visitation and 
search cannot be exercised upon a ship of war, or public or national 
vessel, itself ; and this is the second limitation of theright. Itis strange 
that there should ever have been any doubt or dispute upon this point. 
A ship of war has always been looked upon as in a manner part of the 
national territory, and as such inviolable in any circumstances what- 
ever; the act of entering it in search either of contraband goods or of 

pacate: sak y beers pr the same character with that 

of asmuggler or fugitive across the frontier of the state 
without permission of the sovereign authority, a thing the right of 
doing which has never been claimed. Accordingly, although it has 
been a common thing for nations to declare by express stipulation in 
their treaties with one another that the prize courts in each shall 
exercise a jurisdiction accurding to the recognised principles of public 
law in questions arising with regard to captures at sea, the language 
used has always implied that the captures are to be merchant or 
private vessels : of the concession by one power to another of the right 
of adjudicating upon its ships of war detained or brought into port not 
a trace is to be found in any such treaty. Yet an opposite doctrine 
has been both maintained in argument, and attempted to be carried 
into effect. In 1653, when after the disasters of the war with 
that had broken out in the preceding year, the Dutch were 

reduced to such a state as to make them anxious for peace upon almost 
any terms, the English government demanded as one of the stipula- 
tions of the proposed that all Dutch vessels, both of war and 
others, should submit to be visited, if thereto required. But, humbled 
as the Dutch were, they peremptorily refused to agree to any such 
ion ; and the treaty was concluded in 1654 without it. From 

this time, for more than a century and a half, the principle of the 
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immunity of ships of war from visitation and search was acquiesced in 
by the practice of our own and every other Ce prg A nor is it known to 
have been contested even in speculation. But at length, in the course 
of the controversy that arose respecting the rights of neutrals out of the 
Berlin and Milan decrees of the French emperor and our own orders in 
council, in 1806 and 1807 [BLockape]), while some extreme partisans 
on the one side contended that even merchant ships were not liable to 
search when under the convoy of a man-of-war, others on the opposite 
side revived the old pretension of the English republican government 
of 1653, and maintained our right of visiting and searching the ships 
of war themselves of neutral states whenever we should think proper. 
The practical application of the principle that was now especially called 
for was the visitation of the chips of war of the United States of 
America, for the purpose of recovering seamen alleged to be subjects 
of this country and deserters from the British service. An actual 
enforcement of the new doctrine occurred in anattack made, on the 
23rd of June, 1807, by the British ship of war, Leopard, upon the 
American frigate Chesapeake, lying off the Capes of Virginia, On the 
refusal of the American captain to permit his ship to be visited, the 
Leopard fired into the Chesapeake, which, being unprepared for action, 
immediately struck her flag. Four men were carried off, and the 
American ship was then left. The American minister in London was 
directed to demand satisfaction of the British government. N. 
ciations were continued for a long time without any result; the 

of the Chesapeake soon became mixed and complicated with other 
incidents, giving rise to new claims and counterclaims; at last the 
American government took its stand on new ground, objecting to the 
search not only of ships of war but even of merchant vessels for 
deserters; it was not denied that the search of merchantmen was 
sanctioned by the law of nations, but the exercise of the right was 
denounced as necessarily irritating and fraught with danger, and it 
was urged that it should on that account be dispensed with and 
abolished. In the end war broke out between the two countries 
in the summer of 1812; but even that did not settle any of the 
questions that had arisen between them in connection with the right 
of search, The treaty of peace signed at Ghent on the 24th of 
December, 1814, contained no stipulation on that subject, which 
was now supposed to have lost its practical importance. This question 
was again incidentally raised between England and America in 1842. 
In the discussion which then took place between Lord Ashburton and 
Mr. Webster relative to the boundary line of the state of Maine, the 
American minister intimated that the rule hereafter to be insisted 
upon would be that every regularly documented American vessel 
would be evidence that the seamen on board were American, and 
would find their protection in the flag that was over them; and again 
in 1854, when, after the issuing of the declaration by the Queen of 
England (on the 28th March), it was supposed to be her Majesty's 
intention to relax the right of search, the Attorney-General stated 
in answer to a question in the House of Commons (80th March), 
“That it never was intended to give up, nor did the declaration give 
up, the right of searching neutral vessels, It was impossible to give 
up that right, and this country still maintains its right to search 
and seize vessels which 7 enemy’s despatches, or articles contra- 
band of war.” But whilst England thus reserved to itself this right, 
she waived its exercise during the war, and on the termination of 
hostilities, concurred with France, Austria, Russia, Prussia, Sardinia, 
and Turkey, in establishing the principle that “free ships make free 


The maritime declaration appended to the Treaty of Paris comprises 
among others the following points :— 

1. The neutral flag covers enemy's goods, with the exception of con- 
traband of war. 

2. Neutral goods, except contraband of war, are not liable to capture 
under the enemy's flag. 

The United States, however, refused to concur in this declaration, 
unless it was further conceded that enemy’s goods on board enemy's mer- 
chant ships should be allowed the same exemption as on board neutrals. 

At present therefore it appears that the right of search, abolished so 
far as relates to enemy's property on board neutral ships by the Treaty 
of Paris, subsists as to the other points in respect of which it was 
formerly exercised, namely, the carriage of troops, hostile despatches, 
and contraband of war. (Krnold on ‘ Marine Insurance,’ vol. i. p. 678.) 

The right of visitation and search, however, is by no means neces- 
sarily confined to a time of war. Its exercise has always been admitted 
to be equally allowed by international law in time of peace, though it 
may not commonly have then been so frequently thought to be called 
for. The very question of the seizure by one country of its subjects 
serving in the mercantile navy of another, which was one of the main 
subjects of dispute between England and America before the breaking 
out of actual hostilities in 1812, may arise in a time of peace as well as 
in atime of war, though its importance no doubt is less in the former 
than in the latter. The chief questions connected with the right of 
search, the number of which is greatly reduced in a time of general 
peace, are those relating to the trading rights of neutrals; but even of 

some remain. Of late years, however, the right of search has 
become principally important in reference to the trade in slaves, which 
has now been declared to be illegal by most of the great maritime 
states, The right of visitation and search, however its exercise may be 


regulated, seems to afford the only means of ascertaining whether or 
no a vessel has got slaves on board; but it is evident that any power 
opposed, for whatever reason, to the exercise of that right may, even 
while declaring the slave trade to be illegal, refuse to that ille- 
gality to be made an excuse for the visitation of suspected ships bear- 
ing its flag. It is only by express stipulation that the free exercise of 
the right can be established. ee ep which has all along been fore- 
most in the attempt to pe pen slave trade, has never objected to 
the exercise of the right of search for this, or indeed for any other 
legitimate object i but oe rae jealous of gO gran 
maritime power, have, no’ ps very opments. 

reluctant to concede it in this particular case. Pro the best 
illustration of these remarks is afforded by the Ashburton , and 
the attitude of American publicists with reference to it, By the 8th 
article of that treaty, each party was to maintain a separate sq 

on the coast of Africa for five , and the cruisers of the 

nations were to detain all y: under American colours equipped for, 
and in, the slave trade; that if proved to be pro- 
perty they should be delivered to an American cruiser; and if proved 
to be Spanish, Portuguese, Brazilian, or English property, to an 
English cruiser. In the President’s message (August 11, 1842), and in 


the discussions in the American House of Representatives, it was 


raised, and attempts have been made by American writers (; 
whom Mr. W. B. Laurence’s recent treatise on ‘ Visitation and Search 
deserves special notice) to show that the doctrines of England are 
unwarranted by law, dangerous to the welfare of other countries, and 
intended solely to promote the attainment of universal dominion under 
the guise of humanity; that the time has come when such doctrines 
must be en ically op, , and that if they can be supported by an 
ay pul tithe terres of treaties, then it is the duty of the States of 

e Union to insist upon the discontinuance of those treaties. 

Some further remarks on this subject are briefly made under the 
article Suave, SLAVERY. 

SEASONS, CHANGE OF. The phenomena of the seasons may be 
divided into those which ae recur every year and those which are 
different in different years. e have in every year the same succes- 
sion of lo: and shorter days, with a summer and winter; while the 
summer of one year is of a higher temperature, and accom J 
finer days, than that of another. The unvarying phenomena 
explained by what we know of the sun’s (or earth’s) motion; the 
ing phenomena belong to the science of meteorology, and depend 
atm eric and other circumstances, with which we have little 
acquaintance. At any given moment, the light and heat 
from the sun, at a Awe place, depend upon the altitude of 
body in two ways. In the first place, the lower the sun is, the 
the thickness of the portion of the atmosphere which its 
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traverse before reaching the spot; the greater then is the t and 
heat which is lost in oe In the second place, the the 
altitude of the sun, the less the actual quantity of light and heat 
which falls upon any given spot. If aB be the diameter of a circular 
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portion of the earth’s surface, and if the sun be seen in the direction 
BM, the light which falls on that circle is a cylinder of rays with the 
diameter cD; but if the sun be seen vertically, or in the di BN, 
the cylinder of rays has er for its diameter, besides which, the rays of 
the first cylinder are weaker than those of the second, as ha passed 
through more of the atmosphere. Neglecting this latter eration, 
the quantities of light and heat received when the sun is at two dif- 
ferent altitudes are as the sines of those altitudes. Thus the sine of 
30° being 4 and that of 90° being 1, the quantity of light which falls 
on a given spot when the sun is vertical is double of which falls 
when its altitude is 30°. 

The earth’s axis preserves its direction throughout the whole of the 
yearly motion. The consequence is, that places which are distant from 
the equator have very unequal days at different times of the year. 
(Sox. The accompanying figure, which is yr! ven in con- 
nection with this subject, represents the in its four principal 
positions ; the sun being at 8, and N being the north pole of the earth. 

A is at the vernal equinox, the intersection of the equator and ecliptic — 
passes through the sun, and days and nights are equal all oyer the 
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equator on the northern side ; the diurnal circles north 
have more day than night, and have their longest days : 
c is the autumnal equinox, the phenomena of a being repeated. 

at the winter solstice, where the sun is farthest from the equator on 
the southern side; the phenomena of 8B are now reversed, the days 
being shortest on the north side of the equator. This figure very well 


A N 


Sebacic acid is bibasic, forming neutral sebates-of the formula 2MO, 
CoH .0oi and acid salts containing MO,HO,C,,H,,0,. The alkaline 

its are nearly all crystalline and soluble in water; from them the 
other sebates are prepared by double decomposition. Sebate of methyl 
or methyl sebacic ether contains C,.H,,(C,H,),0,; by contact with 
ammonia it gradually yields sebamide (G,,H,,N,O,) in crystalline 
grains, the mother liquor containing sebamic acid (C,,H,,NO,). 

Ipomic acid seems to be identical with sebacic acid. Jalap (ipomea 
purga) resin yields rhodeoretic acid when acted on by bases, and 
rhodeoretic acid furnishes ipomic acid on being oxidised by nitric acid. 
The fusing point of ipomic acid is 40 degrees below that of sebacic acid, 
but in every other it resembles the latter body. 

SEBAMIC ACID. [Srpacio Grovr.] 

SEBAMIDE. [Sesacre Grovr.] 


SEBAT (in Hebrew, BIW), is the fifth month of the civil year of 


the Jews. The name is mentioned in the 7th verse of the Ist chapter 
of Zechariah, where it is called the eleventh month, reckoning from the 
vernal equinox, at which season the Jews anciently began their year. 
It is called Sabat in the Apocrypha, at 1 Macc. xvi. 14. The name is 
found at Palmyra written as in Hebrew, and at Balbek it was written 
ZoBas. Sebat has thirty days; its place in the year varies from 
January to February, and in 1860 it began on the 25th of January 
and ended on the 23rd of February. In 1861 it began on the 12th of 
January and ended on the 10th of Feb: . A fast is mentioned in 
some calendars on the 4th day of Sebat, for the wickedness of Israel 
after the death of Joshua, and another on the 23rd day, in memory - 
of the war between the tribe of Benjamin and the rest of the nation, 
related in the 20th chapter of Judges; but these fasts are observed 


very Sages y, if at all. 
SEBIN. (C,,H,,0,,). The sebate of ec Tt is neutral and 
crystalline, and is transformed by oxide of lead into sebacic acid and 


glycerin. 
SECALE CORNUTUM. [Ercor.] 
SECANT, a line which cuts another; also a term in TrIGONOMETRY. 
SECEDERS. The origin and hi of the Seceders from the 
Established Church of Scotland will be found briefly stated in the 


tity | article Unrrep Prespyrertan Cuurcn, that being the name adopted 
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Sebacie acid (CoH ieOo, 2HO) or pyroleie acid is always obtained 


when oleic acid or an ty th boop! oy Mat = Soe 
advantageously e action of a strong solu- 
ord agra m castor oil. The ricinolic neil of the castor 


up into sebacic acid, caprylic alcohol, and free b. 
is soluble in hot water, and erystallises Y boiling 


or 
Ge ies feticon Waaas reper; 1 is very soluble in alcohol, 
; reddens 


or 
into succinic acid. 


by the religious fellowship which includes the greater number of 
Seceders. The Synod of United Original Seceders, the only body which 
retains the name Seceders in its official designation, professes the same 
doctrine and discipline as the United Presbyterian Church, but main- 
tains the principle of a national church, and also that of national 
religious vowing or covenanting. The Original Seceders number about 
30 tions, forming 4 presbyteries. Since the disruption in 
1843 [Free Cuurcn or Scorianp], many of those known as Original 
Seceders and Associate or Old Light Burghers, have joined the Free 
Church, on the ground of its being, in their judgment, the true 
National Reformed Church of Scotland. 

SECOND, the sixtieth part of a minute, whether of time or of 
angular measure. [Anoxe; True.) For the derivation of this word, 
see SCRUPLE. ; 

SECOND, an interval in music, a discord, the ratio of which is 9:8. 
Of seconds there are three kinds: the minor second, or semitone, as 
ana the major second, cD; and the extreme sharp second, 0D; 


SECOND-SIGHT, a power believed to be possessed by some persons 
in the highlands and islands of Scotland, of foreseeing future events, 
especially of a disastrous kind, by means of a spectral exhibition of the 

whom these events respect, accompanied with such emblems 
as denote their fate. 

Jamieson says, “ Whether this 


wer was communicated to the 
inhabitants of the lands and ds of Scotland by the northern 
nations, who so long had ion of the latter, I s not pretend 
to determine ; but traces of the same wonderful faculty may be found 
among the Scandinavians. Isl. ramskygn denotes one who is endowed 
with power of seeing spirits: ‘ qui tali visu preter naturam pra- 
ditus est, ut spiritus et damones videat, opaca etiam visu penetret,’ 
Verel. Ind. designation is formed from ramm-u*, viribus pollens, 
and skygn, videns ; g. ¢. powerful in vision.” 

Dr. Johnson, in fis journey to the Western Islands of Scotland, 
carefully examined the questions of the second-sight; but neither he 
nor Dr. Beattie could find sufficient evidence of its reality, 

In Sir John Sinclair’s ‘Statistical Account of Scotland,’ vol. iii, 
8yo., Edinb., 1792, the minister of Applecross, in the county of Ross, 
speaking of his parishioners, says, “ with them the belief of the second- 
sight is general.” ; 

In MacCulloch’s ‘ Western Islands of Scotland, 8vo., Lond., 1819, 
vol. ii, the author says, “To have circumnavigated the Western Isles 
without even mentioning the second-sight would be unpardonable. 
No inhabitant of St. Kilda pretended to have been forewarned of our 
arrival. In fact it has undergone the fate of witchcraft; ceasing to be 
believed, it has ceased to exist.” 

In the Erse the second -sight is called Twisch. 

SECONDARY, a name given to any circle on the sphere with 
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SECTOR. 


reference to another circle : if the latter be called primary, the former 
is secondary when it passes through the poles of the primary. 
Srrese. 

SECONDARY COIL, CURRENTS, &. [Maaxeto-Exrcrriciry.] 

SECRETARY (French, Seerétaire), one entrusted with the secrets 
of his office or employer; one who writes for another. Its remote 
origin is the Latin aceretum, The phrase “ notarius secretorum” is 
applied by Vopi (‘ Div. Aurelianus’) to one of the secretaries of 
the emperor Testes. This aj tion was of very early use in 
Eng : Archbishop Becket, in the reign of Henry IL, had his 
“ secretarius;” although the person who conducted the king's corre- 
spondence, till the middle of the 13th century, was called his clerk 
only, probably from the office being held by an ecclesiastic, The first 
time the title of “secretarius noster” occurs is in the 37th Hen. III, 
1253. 

SECRETARY OF STATE. The office of secre’ of state is one 
of very ancient date, and the person who fills it been called 
variously “ the king's chief secretary,” “ principal secretary,” and, after 
the Restoration, “ principal secretary of state.” He was in fact the 

's private secretary, and had custody of the king’s signet. The 
duties of the office were originally performed by a single person, who 
had the aid of four clerks. The statute 27 Henry VIIL., ¢. 11, regu- 
lating the fees to be taken by “the king’s clerks of his grace’s signet 
and privy seal,” directs that all grants to be under any of his 
majesty’s seals shall, before they are so sealed, be brought and delivered 
to the king's principal secretary or to one of the clerks of the signet. 
The division of the office between two persons is said to have occurred 
at the end of the reign of Henry VIIL., but it is probable that the two 
secretaries were not until long afterwards of equal rank. Thus we 
find Sir Francis Walsingham, in the time of Queen Elizabeth, addressed 
as her majesty’s principal secretary of state, although Dr. Thomas 
Wilson was his colleague in the office. Clarendon, when describing the 
chief ministers at the beginning of the reign of Charles L, mentions 
the two secretaries of state, “who were not in those days officers of 
that magnitude they have been since; being only to make despatches 
upon the conclusions of councils, not to govern or preside in those 
councils.” Nevertheless the principal secretary of state must, by his 
immediate and constant access to the king, have been always a person 
of great influence in the state. The statute 31 Henry VIIL, c. 10, 
gives the king's chief secretary, if he is a baron or a bishop, place above 
all peers of the same degree; and it enacts that if he is not a peer, he 
all Gave a seat reserved for him on the woolsack in parliament; and 
in the Star Chamber and other conferences of the council, that he 
shall be placed next to the ten great officers of state named in the 
statute. He probably was always a member of the privy council. 
Cardinal Wolsey.in his disgrace earnestly implores Secretary Gardiner 
(afterwards bishop of Winchester), whom he addresses as a privy coun- 
cillor, to intercede for him with the king. (Ellis’s ‘ Letters,’ vol. ii.) Lord 
Camden, in his judgment in the case of Entick v. Carrington (11 Har- 
grave's ‘State Trials,’ p. 317), attributes the tigate of the secretary 
of state’s importance to his intercourse with ambassadors and the 
management of all the foreign correspondence of the state, after the 
policy of having resident ministers in foreign courts was established 
in Europe. Lord Camden indeed denies that he was anciently a privy 
counsellor.” c 

The number of secretaries of state seems to have varied from time 
to time: in the reign of George III. there were often only two; but 
there are now five principal secretaries of state, whose duties are 
divided into five departments, namely, for home affairs, foreign affairs, 
for war, for the colonies, and a fifth, first appointed in 1858, for the 
management of the affairs of India. They are always made members 
of the privy council and the cabinet. They are appointed (without 

tent) by mere delivery to them of the seals of office by the sovereign. 
Each is capable of performing the duties of all the departments, and 
the offices are all so much counted to be one and the same, that if 
removed from one secretaryship of state to another, a member of the 
House of Commons does not vacate his seat. 

To the secretary of state for the home department belongs the 
maintenance of the peace within the kingdom, and the administration 
of justice so far as the royal prerogative is involved in it, All patents, 
charters of incorporation, commissions of Se porn’ of inquiry, pass 
through his office. He superintends the inistration of affairs in 
Ireland. The secretary for foreign affairs conducts the correspondence 
with foreign states, and negotiates treaties with them, either through 
British ministers resident there, or personally with foreign ministers at 
this court. He recommends to the crown am! rs, ministers, and 
consuls to represent Great Britain abroad, and countersigns their 
warrants. The secretary for the colonial department performs for the 
colonies the same functions that the secretary for the home department 
performs for Great Britain. The secretary for war has the manage- 
ment of the army, in which he has the assistance of the commander- 
in-chief. Each is assisted by two under-secretaries of state, nominated 
by himself; the one being usually permanent, the other dependent 
upon the administration then in power. The for India has 
one under-secretary, and the assistance of a council. There is likewise 
in each department a large establishment of clerks appointed by the 

The power to commit persons on suspicion of treason is incidental 


to the office of principal of state—a power which, though 
long exercised, has been often disputed. It is not necessary here to 

ive the arguments on both sides; they are discussed with great care 
yy Lord Camden in the case above cited (Entick v. Carrington), which 
was one of the numerous judicial inquiries arising out of the dispute 
between the Crown and John Wilkes at the beginning of the reign of 
George III. The conclusions to which Lord Camden comes are—that 
the secretary of state is not a istrate known to the common law; 
that the power of commitment for state offences, which he has for 
many ages exercised, was used by him as an immediate delegation from 
the person of the king, a fact which may be inferred, among other 
things, from the debates in parliament in the time of Charles L., when 
Secretary Cook claimed the power on that ground; that nevertheless 
courts of justice must recognise this power, inasmuch as there has 
been constant usage of it, supported by three judicial decisions in 
favour of it since the Revolution, namely, by Lord Holt in 1695 (Rex 
v. Kendal and Rowe); by Chief Justice Parker in 1711 (Queen 1. 
Derby); and by Lord Hardwicke in 1734 (Rex rv. Earbury), In a 
more recent case (King rv. Despard, 1798), Lord Kenyon says, “ I have 
no difficulty in saying that the secretaries of state have the right to 
commit,” and he hints that Lord Camden felt too much doubt on the 
subject. 

There is also a chief secretary for Ireland, resident in Dublin (except 
when parliament is sitting), and having always an under. r 
there. He corresponds with the home department, and is under the 
authority of the lord lieutenant. His office is called that of secretary 


to the lord lieutenant ; but it is analogous to the office of secretary of 


pas. He has sometimes, though very rarely, been a member of the 
cabinet. 

SECT (from the Latin Secta), Two accounts are given of the origin 
of this word. By some persons it is represented as a derivative of 
segu-or (secu-tus), “to follow.” By others it is derived from seco 
(sec-tus), “to cut.” It is in this case,as in many similiar instances, 
not easy to decide between the pretensions of the two; and it is 
far from being improbable that some persons may have used the 
word as a derivative from one verb, and others as derived from 
the other, 

The sects of philosophers in ancient times seem rather to have been 
persons who were fol: of some distinguished teacher, than per- 
sons cut of from any general mass, But when we come to the word 
in its now more common and familiar use, namely, as denoting a par- 
ticular community of Christians, the idea then predominates of separa- 
tion, cutting off, over that of following. Thus no one thinks of i 
the Roman Catholic church a sect : and none, except it was 
to disparage and dishonour it, would call the English Protestant 
church a sect. But when we descend below it, we then see smaller 
religious communities, who are cut off from a church, either by their 
own act, or by some supposed or real act of ep ot and unchristian 
tyranny on the part of the larger community. Thus the Quakers are 
a sect, the Anabaptists are a sect, the Methodists are a sect, and the 
Independents and English Presbyterians now are sects, though some 
of these were for a time in existence without falling under the descrip- 
tion of a sect, bene still incorporated in the church, in which they 
sought to accomplish certain reforms. In other systems there are 
smaller bodies of sectaries. 

SECTION, the curve made by the intersection of two surfaces. In 
the graphical arts it means generally a plane section, and most fre- 
quently a vertical section, the horizontal section being called the plan, 
In architectural designs, the longest vertical section is usually called 
the elevation, the term section being restricted to vertical sections 
which are perpendicular to the elevation. 

SECTOR (Geometry), the figure made by two straight lines which 
meet, and a curve which cuts them both. The most common is the 
circular sector, made by two radii of a circle and the arc which they 
include. If 7 be the radius in linear units, and @ the angle measured 
in theoretical units [ANGLE], the area of the sector is 4 r° @square units ; 
but according as the angle is expressed in degrees and fractions of a 
degree, in minutes and fractions of a minute, or in seconds and fractions 
of a second, the area is found by the first, second, or third of the 
following formule :— 


726° re 726" 
DxbT 20078 «Ix sisT747 ©=—- 2x 2062648 


SECTOR (drawing instrument), an instrument invented by Gunter, 
which has the appearance of a small carpenter’s rule, marked with 
meme abee Dod of ghd Dkk alge aagerce these scales not laid 
down parallel to the edges of the rule, but con to the 
pivot cet ot moving arm of the Robe turns es . Teasers, 
is open ly these converging scales @ sector ; 
the others are merely laid domme conyenience on such blank spaces 
as are left by the converging or sectorial scales. 

The sector is a large number of pairs of compasses packed up into 
one, and most ee of the instrument attempt to describe 
them all in one. It will, however, be more convenient to one 
pair of compasses from the rest, and to describe its use, piece 
of the ruler is marked with the same scales. Tuke one of these scales, 
© A, and that which corresponds to it, on; then aoB is a pair of com- 


SECTOR. 


SEDITION. 
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passes which can be opened or shut at pleasure. Suppose two scales» 
say of chords, to be laid down on oa and 0B, which are chords of 90°, 


oP and 0Q being radii, or chords of 60°. If oP be four inches, we 
have then before us two scales of chords with the radius of four inches 
actually laid down, and any chords might be taken off them as from a 
common scale: for instance, if the marks of 35° be at cand p, then 
either oc or oD is the chord of 35° to a radius of four inches. But 

ired to find the chord of 35°, not toa radius of four 
inches, but to one of 3°61 inches, We know that 


4 : 361 :: ch. 35° (rad. 4) : ch. 35° (rad. 3°61); 


and the fourth term of this proportion is to be found. Now this may 
Sete ean raRenh eotarsey, ad without any drewing, at follows -—~ 

common pair of compasses, and open to 3°61 ona sub- 
Then open the sector until the points of the 
fall on P and Q, which, if the sector open 
very quickly, We have then pq = 3°61 
35° to that radius; for by similar 


OP: PQ:: 00: CD; 
or, 4 : 3°61 :: ch. 35° (rad. 4) : oD; 
whence, CD = ch. 35° (rad. 3°61). 


Take the compasses then, and fixing one point at o, make the other 
fall on p; the distance c p may then be transferred with the compasses 
to the , or to the scales of inches, according as construction or 
seleeatiedl eotimation is required. 

The scales usually laid down upon the two sides of common sectors, 
such as are constructed upon a foot ruler, are :— 

1. A line of polygons, marked pot., showing the sides of polygons 
inseribed in a circle. And since the side of the is the radius 
of the circle, the the scale is the distance from o to the 
Thus, to inscribe a polygon of ten sides in a circle of two 
radius, open the sector until 6 and 6 on the coun’ 


tance from 59° to 59° on the counterpart lines of sines will show the 
result required on the scale of equal parts. 

The sector becomes an incorrect instrument, comparatively, when 4 
great opening is required, and also when the result is much greater 
than the data from which it is produced. So much accuracy of con- 
struction is , that those to whom the instrument is often 
really useful (not many, we suspect) should rather procure the larger 
ones, which are manufactured by the best instrument-makers, than be 
content with the six-inch lines which are found in the common cases 
of instruments. The sector is an instrument which requires much 
more care than the common scale, and in the use of which expertness 
can be gained by nothing but practice. Each scale is a pair of parallel 
lines with cross divisions; and it is important to note that the com: 
passes must be applied to the inner of the parallel lines in every case. 
Also when the compasses are in the hand, with one point laid on one 
of the scales, the other scale being about to be moved to bring the 
other point of the compass on the right division of the counterpart 
scale, take care to hold the compasses only by that leg which is laid 
down on the scale. 

SECTOR, ZENITH. [Zenrrn Secror.] 

SECULAR, a name given to those variations in the planetary 
motions which are of long duration, so that their periods are better 
expressed in centuries than years. 

SEDATIVES are agents which produce a direct depression of the 
action of the vascular system, with little sensible evacuation. They 
differ from narcotics, inasmuch as their depressing effects are not pre- 
ceded by any obvious excitement or increased action of the heart and 
arteries, Whether they act primarily on the heart itself, or secondarily 
by a ious influence on the nervous system, is not clearly ascer- 

. Some, such as the infusion of tobacco, and hydrocyanie acid, 
appear to destroy completely the ergo: | of the heart, so that it no 
longer responds to the stimulus of the blood; but how this effect 


results is al unknown. Oxalic acid, when the dose is large, 
seems also to lyse the heart; while in less quantities it operates 
differently. [Oxattc Actp.] The peculiar mode of action of.the 


articles entitled to be considered as pure sedatives has been detailed 
under the respective heads of Dicrratis, Hyprocyantc Act, Nico- 
Tran, &c., and need not be repeated here. The medical employment 
of these formidable agents should never be had recourse to without 
competent authority and superintendence; but as many cases of 

isoning result from their accidental or criminal administration, it is 
needful to observe that the greatest promptness is requisite in the 
administration of appropriate remedies. ital stimulants, such as 
ammonia and brandy, are the best; and electricity or galvanism may 
be resorted to after the others. 

Sulphuretted hydrogen, when breathed, injected into a vein of the 
rectum, or even applied to the skin, acts as a sedative, and in a small 
oe can occasion death. It is largely disengaged from many 

composing substances, such as exist in stagnant pools, ditches, 
drains, and cesspools. Proximity to these produce effects more or less 
serious according to the intensity of the gas. Even one of its com- 
pounds, hydro-sulphuret of ammonia, is a potent sedative. Cold, 
when extreme, likewise acts as a sedative, but its mode of action has 
been already explained under Baruine. Chloroform and other anms- 
thetics may be considered sedatives of the nerves of sensation. 

SEDILIA, in ecclesiastical architecture, the seats on the south side 
of the chancel, near the high altar,in Roman Catholic churches, in 
which ae priest and his attendant epee ees a 
portion performance of mass. In many of our old collegiate 
and churches the catia wai remain. The few that are extant 
of Norman date belong to the middle or latter half of the 12th century. 
In Pointed Gothic of every period they are frequent, and are almost 
always made a very ornamental feature. Usually they are recessed in 
the wall, like niches, and covered with canopies, which in some 
instances are lofty and much ornamented, resembling tabernacle work : 
but sometimes the sedilia are quite plain, little more in fact than stone 
benches. Commonly the sedilia are in number, divided from each 
other by slender pillars, and , that nearest the oe eee 
for the priest) the hi ; but they are met with of varying 
numbers—from one to five—and all level, or with only the priest's seat 
raised above the others. 

SEDITION (from the Latin seditio). It is stated that in many 
of the old English common law writers treason is sometimes e 
by the term Sedition ; and that when law proceedings were in Latin, 
seditio was the technical word used in indictments for treason, till it 
was superseded by the word proditio, 

Sedition does not appear to be very exactly defined. It is stated to 
comprehend contemptuous, indecent, or malicious observations upon 
the crown or government, whether made in words only, or in writing, 
or by tokens (which last term must comprehend pictures or drawings), 
calculated to lower the sovereign in the opinion of the subjects or to 
weaken his government. All these offences fall short of treason ; but 
they are considered crimes at common law, and punishable by fine and 


ae, 
are also statutes against particular acts of sedition, such as 
seditious libels. [Law, Crrmuvat.] There are also various acts against 
societies established for seditious and treasonable purposes, and against 
seditious meetings and assemblies, 

FF 


SEDUCTION. 


The Roman sense of seditio (sed or se, and itio, a going apart, a sepa- 
ration) is properly a disunion among the citizens, a riot, or turbulent 
assemblage of people for the purpose of accomplishing some object by 
violence or causing fear. It was: included other forbidden acts 
in the Lex Julia de Majestate. (‘ Dig. 48, tit. 4.) It is often used in 
connection with “ tumultus” and “turba,” and the three terms seem 
to have the same signification. 

(Rein, Rémisches Criminalrecht, p, 522.) 

SEDUCTION. [Parent anb Catp.] 

SEGMENT (part cut off), a term which, in its general sense, needs 
no explanation. It is, in mensuration, most frequently applied to the 
part cut off from a circle by a chord, and the measurement of this 
segment of a circle is the only point for which reference is likely to be 
made to the word Gibb 8 be ths engmnent of a circle, and oc and p 
the middle points of its are and chord. The segment ACB is easily 


expressed by the angle which the arc subtends at the centre; if thi 
sno (ented in the theoretical units [Awozs}) be 6, and the 2 ee 
r, the number of square units in the segment is 


* (0=sin. 8). 


But when a ent is actually to be measured in practice, it 
happens that Sada wo 8 ee et 


measure it conveniently. i eras” te 


or 4 (8 Ac—aB).” 
Gina giving the are a little too small) in a whole semicircle, and the 
error ititninishes nearly as the fourth power of the arc; thus at half 
a semicircle the error is about one foot out of 2'x 80, or 1280 feet; 
at one-third of a semicircle it is only about one foot out of 3* x 80, or 
6480 feet, and so on. Another formula of thé same sort, but so close 
to the truth that no measurements could ever be taken in ice 
sufficiently exact to make its inaccuracy appreciable, is the following : 
find £ the middle point of 4c,and measure xz; then the arc is very 
neatly (but a little less than) 
AB+256 aE—40 40, 
45 

The error here is less than one foot out of 390 on the whole circle, 
and diminishes wie the sixth power of the arc. 

Taking the arc from one or other of these methods, the area of the 
segment is then to be found as follows :—Determine Rk, the radius, 
from a c?=—2 cp, and compute 


Rx Aro—AB(R~OD), 
2 
which gives the area required. This formula may be reduced to 
zac? (2ac+AD)—and?, 
oD 
Thus (to take an instance of Bonnycastle’s) if ap=12,ac=18, 
whence o p= 5 (all feet), we have for the area of the segment 


Se 82:53 square feet. 


Another approximate rule is (giving somewhat too little) 
op (12aD+8 ac) 
15 sy 


which is more exact than the preceding. The error is only 
cent. when the segment is a semicircle, and it diminishes 
seventh power of the subtended angle nearly. " 

It answers well enough for ro purposes, and particularly when 
the segment is small, to consider arc of the circle as being part of 
a parabola, and to take two-thirds of the reetangle under a B and cD 
for the area. 

SEIGNORAGE. [Currency.] 

SEIGNORY. [Txxvure.] 

SEISIN is a term properly applied to estates of freehold only, so 
that a man is said to be seised of an estate of inheritance or for life, 
and to be possessed of a chattel interest, such as a term of years. This 
—peganag derail re tad have existed in the time of Bracton ; at 
least he uses wo words as identical in io sive 
seisina multiplex est,’ lib. ii., fol. 38), pansy Ppa 

The seisin of the tenant of a freehold is the legal possession of the 
land. It is —_ eT called em in deed, when he has 
possession of the or, a8 Bracton expresses it, “ corpo rei 
detentio ; corporis et anima cum iuris edatftionls concurrente.” It is 
seisin in law when lands haye descended to a person, but he has not yet 


one 
with the 
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entered into possession of them, and no has usurped the 
ion, When an estate of inheritance is into several estates, 


as for instance an estate for life, and a remainder or reversion in fee, the 
tenant in possession has the actual seisin of the lands; but the 
persons in remainder or reversion have also seisin of their respective 
estates, 


In the conveyance of land by feoffment, which is now, however, almost 
unknown, the delivery of he ae or livery of seisin, as it is 


termed, is the efficient part of the conv [FrorrMent. 

Seisin in deed is obtained b oobaallg a into lands, and an 
entry into part in the name of the whole is t; by the recei 
of rents or profits; and by the actual entry of a lessee to whom ‘ 
lands are demised by a person who is entitled to but has not obtained 
actual possession. 
Seisin may also be acquired under the Statute of Uses, 27 Hen. VIII., 
ae aa 
use, &c., of another, by reason of any , sale, feoffment, &c., 
person having the use, &c., shall thenceforth have the lawful seisin, &c., 
rad-og lands in the same quality, manner, and form as he had before 
in 6 use. 


Pe 
EEE 


itis di 


person 

266 b, Butler’s note), “ how this substitution was effected 
impossible, now to discover. From what we 

ual hee it does not appear how a disseisin could be 
out the consent or connivance of the lord; yet we 
relationship of lord and tenant remained after the di 
after the disseisin the lord might release the rent and services to 
disseisee ; might avow upon hinr; and if he died, his heir within 
the lord was entitled to the wardship of the heir.” But the doctrine 
of disseisin is in many respects very obscure, and at present of very 
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little practical importance. 
SE MOLOGY, from cetouos, an earthquake (that is, a moyement like 
the of a sieve), and Aéyos, a discourse, the science of earthquakes ; 


and SEISMOMETRY, from the same, and nerpéw, to measure, the science 
of the mensuration of all the phenomena of uakes which can be 
expressed in numbers, or by their relation to the co-ordinates of space. 
The o} of these new Copectanen of science has been stated in the 
article THQUAKES, in which the ph: pepaition an arte 


was also given, agreeably to % 

now to state some of the elements of seismology, and the 
nomenclature applied to them, premising that the basis of this is 
formed by the adjectives seismal and seismic, both signifying what has 
relation to an earthquake. An earthquake being the transit of a wave ‘ 
pa Pea ieee ie the earth, there are three Bec sp « 
this earthquake-wave, namely, the velocity of transit, the velocity of 
We See pass of Whe sentinel, os Nes OD Ge earth’s surface within 
which the 


F 


Fin Rng of the wave is constant. The shock reaches the ¢ i 
irectly above the focal point vertically; but, for all points arour ‘ 
that, it emerges with es becoming more and more nearly horizontal 
as the distance in on. the surface increases, The intersecting 
circle of any one shell with the surface, which is that of simultaneous 
shock, is the coseismal line, or crest of the earth-waye: 

medium, more or less distorted if in a hetero- 
geneous one (such as constitutes the various geological formations 
of the earth’s crust), but always a closed curve, e meizoseismal area 
is that in which the s is experienced in the greatest degree, and 


areas are those in which it is felt atthe sametime, A seismic 


if in a homoger 


uakes at a 
er ele’ 


of seismic intensity (in this case the force of a earthq 
oer the progression of seismic in time. 
very object displaced by an earthq' shock is in fact a seismo- 
Siepls and in the om pa it of er nn Hn? — 
lacement, so as to give i aa e 
directions of the motion, condlite Ws lence of seismontetry. 
For particulars of the construction 8 ag ha of complete self- 
registering seismometers, we must refer to Mr. ’s Fourth to 
the British Association; 


but we to notice some extemporaneous — 
seismometers with w: road ape dlort pied may be made, under 


when any person shall be seised of any lands to the « — 


——_ 


a 


all upon 
Catt of the pondulum-rod tiever can be insured 
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circumstances in which fixed instruments cannot be appealed to. The 
elements necessary to be recorded, Mr. Mallet states, in his article ‘On 
Observation of Earthquake Phenomena,’ in the third edition of the 
: Manual of Scientific Inquiry,’ are such as will enable us to 
calculate, in order to obtain finally the actual elements of the wave 
itself, as stated above—1, the direction in azimuth of the wave’s motion 
upon the earth’s surface, and also its direction of emergence at the 
79 of observation. 2, Its velocity of transit u the surface. 
, Its dimensions and form—that is, its amplitude. altitude. 

If a common barometer be moved a few inches up and down by the 
hand, the column of mercury will be found to oscillate up and down 
in the tube in directions opposite to the motions of the instrument, the 

of the mercu: ing upon the velocity and range of motion 

of whole instrument. A barometer fixed to the earth, therefore, 

if we could i watch it, would give the means of measuring 

the vertical element of the shock-wave ; and if we could lay it down 

i it would do the same for the amplitude, or horizontal 

element. we cannot do; but the same principle may be put into 
use by having a few pounds of mercury and some glass tu 


bent into 
the form of the letter {_, sealed close at one end, and open at the 


other ; er with some common barometer tubes, having the open 
end turned up like an inverted syphon. The instruments to be con- 
structed of ‘as are of the nature of fluid pendulums. They are 


superior to common solid;pendulums, where the dimensions of the 
shocks are small; but where these are great and very violent, hea 
solid suspended pendulums will be found more applicable. The len 

of the seconds pendulum for the latitude of Greenwich will always be 
desirable. 


Mr. Mallet thus describes a solid pendulum, of easy construction, 
which will answer several important purposes of seismometry. “ Fix 
a heavy ball, such as a four-pound shot, at one end of an elastic stick, 
whose direction passes through the centre of gravity of the ball: a 
stuut rattan willdo. Fix the stick vertically in a socket in a heavy 

wood or stone, paths bes the length above the block as near 
may be to that of the pendulum for Greenwich. Prepare a 
of wood, or other convenient material, of about 8 inches 
diameter ; bore four smooth holes through the hoop in the plane of 
its circle, and at points 90° distant from each other : adjust eae 
ich of these a smooth round rod of wood (an uncut pencil will do 
well), and make them, by greasing, &c., slide freely, but with slight 
friction, through the holes. Secure the hoop horizontally at the level 
of the centre of from the block, and ball being 
i of the hoop, slide in the four (rods through the hoop 
It is now obvious that a shock, 
in any direction, will move one or more of 
through the holes in the hoop, and that they will remain to 

ion. 

, with the pendulum-rod secured horizontally 
(wedged into the face of a stout low wall, for beer 73 will give the 
vertical element of the wave. Two of these should be . ye 
an 


the centre of gravity of the tall, for every possible 
pulse in a i 
vibration of the ulum, and hence the deranges the position, 
r! ae Roh ea direction of 
oving the a tus by hand a little practice in observa- 
of its action, wit hotever; soon enable a pretty accurate con 
as to the true line of shock to be deduced from it.” 


fluid or solid pendulums. “A common bowl with a 
viscid fluid, ah ee molasses, which, on bein oscillation 
up the side of the bowl, shall leave a trace of the outline of its surface, 
proposed as a seismometer. This method has 
objections; it can only give a rude approximation to the direction of 
orizontal element; but as it is easily used, should never be 
neglected as a check on other instruments. A common cylindrical 
tub, with the sides rubbed with dry chalk and then carefully 
i or dye stuff, would probably be the best 


-s 


he reports published in those of the British Association, to the earth- 
quake of December 16, 1857, noticed in that article, the greatest that 


has occurred in Italy since that of 1783; having personally examined 
its effects. He has incorporated the results in an elaborate report read 
to the Royal Society on the 24th of May, 1860, and of which an 
abstract is given in vol. x. of the Society’s ‘ Proceedings,’ p. 486-494, 
the report itself being reserved for the ‘ Philosophical Transactions.’ 
From that abstract the following particulars are derived, being 
the result of the first exact investigation of the phenomena of a 
great earthquake. It was felt over nearly the whole of the Italian 
peninsula, south of Terracina in the States of the Church, near the 
Neapolitan frontier, about 56 miles south-east from Rome, and of Gar- 
gano, on the Adriatic. Its area of greatest destruction, or meizoseismal 
area, within which nearly all the towns were wholly demolished, was 
an oval, whose major axis wgs in a direction north-west and south- 
east nearly, and about twenty-five geographical miles in length by ten 
in width. The first isoseismal area beyond this, within which build- - 
ings were everywhere more or less prostrated and people killed, is 
within an oval of about sixty geographical miles by thirty-five; the 
second isoseismal is also an oval within which buildings were every- 
where fissured, but few prostrated, and few or no lives lost. The 
third isoseismal embraces a greatly enlarged area, within which the 
earthquake was everywhere perceived by the unassisted senses, but did 
not produce injury. A fourth isoseismal was partially traced, within 
which the shock was capable of being perceived by instrumental 
means, and which probably reached beyond Rome to the northward. 
The seismic vertical, Mr. Mallet determined from the independent 
and concurrent evidence of above seventy separate wave-paths, was 
close to the village of Caggiano, near the eastern extremity of the 
valley of the Salaris. The depth of the focal point below the sea-level, 
that is, the mean focal depth was found to be about 5} geographical miles. 
From all the information, observed and calculated, it was deduced that 
the focal-cavity, within which the seismic energy originated, was a 
curved lamellar cavity, or fissure, of about three geographical miles in 
depth by nine in length, with an inclined vertical section, and a mean 
focal d (or depth of its central point of surface) of 5} miles below 
the level of the sea, as just stated. The probable horizontal form of 
the cavity, when laid down upon a map, co-ordinates with the existing 
lines of dislocation of the country in a remarkable manner. Mr. 
Mallet, it may here be remarked, assumes the force that acted within 
this cavity to have been due to steam of high tension, either suddenly 
developed or suddenly admitted into a fissure rapidly enlarged by 


rending. 

The most trustworthy of the observations of time cotrespond with 
considerable exactness, and give a velocity of transit of the wave of 
shock upon the surface, of between 700 and 800 feet per second. 
Strictly this is the velocity at which the wave-form was 
propagated from point to point. The velocity of the wave itself, or of 
the wave-particle, was in round numbers between 13 and 14 feet per 
second in the direction of the wave-path. Mr. Mallet points out a 
remarkable relation between this velocity and that recorded for the 
pesky ea of Riobamba, as the greatest whose effects have been ob- 
served. The height due to the velocity of this wave is to the altitude 
of Vesuvius as that due to the velocity recorded of the Riobamba wave 
is to the mean height of the volcanic shafts of the Andes, and more 
spenteliy to the height of the volcanic vents nearest to Riobamba. 
[Vorcanos.] The wave of shock, of course, decays in relation to 
superficial distance from the seismic vertical. The amplitude of the 
wave slowly and slightly increases, and its velocity decreases, In the 
ease of the Italian earthquake under investigation, the lowest velocity 
at nearly 30 miles from the seismic vertical was still about 114 feet 
second. The total modifying effects of this earthquake on the earth’s 
surface were insignificant. No great sea-wave Sng na it; nor 
was such possible, the focal point being inland. Mr. Mallet examined 
with care more than 150 miles of sea-coast, as well as river-courses, for 
evidence of any permanent elevation of land having taken place con- 
currently with the earthquake, but found none. This is an important 
point, because geologists and travellers have often ascribed elevations 
of the land to earthquakes, or to a succession of earthquake-shocks 
directed upon the same spot; but “ earthquakes,” Mr. M. observes, 
“cannot produce elevations, although the latter have been known to 
have taken place about the same time as earthquakes, and in the samé 
region.” . . . . “The functions of elevation and depression,” of an” 
earthquake, “are limited solely to the sudden rise and as immediate 
fall, at that limited portion of the surface through which the great. 
wave is actually passing momentarily.” ’ 

The works and memoirs cited in this and in the article Eartu- 
QUAKE, will make the student acquainted with the entire available 
literature on the subject of earthquakes. 

SBLECT VESTRY. [Vesrry.] 

SELENALDINE. [Txracpryr.| 

SELENE (2«Afvn), the Moon, was worshipped as a goddess by the . 
ancient Greeks. She is generally represented as the sister of Helios, or 
the Sun ; sometimes as his daughter, and occasionally as his wife, and 
the mother of the four Seasons, She is also said to have had children 
by Zeus and several others. The story of Endymion, whom she 
caused to fall into a perpetual sleep that she might unseen gaze upon 
his beauty and enjoy his embraces, is well known from the use made . 
of it by the poets. By him she is said to have been the. mother of 
fifty daughters, She was believed to drive her chariot through the 
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heavens during the night. (Hom.,‘Hymn.,’ xxxii. 7.) Her chariot is 
usually represented in ancient works of art drawn by two horses, 
whereas that of Apollo was drawn by four. She is only distinguished 
from Artemis by being more fully draped. She is frequently re- 
presented in bas-reliefs on » hovering in the air over the 
sleeping Endymion. In course of time the attributes of Selene were 
given to Artemis, and the latter was ted as the goddess of the 
moon ; but these deities were origi distinct, [AnreMts.] 

SELENETHYL. [Seienrem. 

ae ACID. [Sserexrom.) 

SELENIOUS ACID. [Sevenrum.] 

SELENITE. [Cauorum, Sulphuric Acid and Lime.) 

SELENIUM (Se) a nonmetallic, solid, elementary body, discovered 
in 1818 by Berzelius in the iron pyrites of Fahlun; the sulphur pro- 
cured from which was used at Gripsholm in the manufacture of sul- 
phuric acid. In the latter a deposit was formed of a red colour, which, 
on account of the peculiar odour that it emitted, was supposed, though 
erroneously, to contain tellurium, the origin of which name suggested 
that of selenium, from 2«Ajrn, the moon, for the new substance. The 
discoverer considered it a metal, but it is now classed with the non- 
metallic elements. 

Selenium has been found hitherto only in small quantity ; it occurs 
in the pyrites of Anglesey, and probably in that of many other places : 
sulphide of selenium has been tected among the volcanic products 
of the Lipari Isles; and in the Harz it has been met with, combined 
with lead, silver, and some other metals. 

Magnus extracts selenium from the native sulphide by treating 
it with binoxide of manganese, by the oxygen of which the sulphur 
is converted into sulphurous acid, which escapes in the gaseous 
form, while the selenium either sublimes in its pure state or as 
selenious acid. 

Selenium is a brown somewhat transclucent solid when in mass. It 
is inodorous and insipid, moderately hard, may be readily scratched 
with a knife, is brittle as glass, and easily reduced to powder. Its 
fracture is conchoidal. Its sp. gr. varies from 4°30 to 4°8, on account 
of the cavities which it frequently contains. It is a bad conductor of 
heat,and a non-conductor of electricity. It softens at 212°, and may 
be drawn out into fine threads, which are transparent, and of a red 
colour by transmitted light. When heated rather higher, it becomes 
fluid, and boils at 650°, emitting a vapour, which is inodorous, and of 
a deep yellow colour; this in close vessels condenses in dark globules 
of a metallic lustre, or of a cinnabar-red colour, according as the space 
in which it collects is small or large. Water does not dissolve selenium ; 
it is however soluble in the fat oils and melted wax, but not in the 
volatile oils. The equivalent of selenium is 39°75. 

Oxygen and Selenium combine in three different proportions, form- 
ing oxide of selenium, selenious acid, and selenic acid. 

Oxide of Selenium (SeO) may be formed by heating the selenium in 
a limited quantity of atmospheric air, and by washing the product to 
separate the selenious acid formed with it, It emits a very strong 
smell resembling that of decayed horse-radish, so that 1-50th of a 
grain of selenium is sufficient when burnt to scent a room of consider- 
able size, and this is a characteristic property of selenium. Oxide 
of selenium is gaseous, colourless, very slightly soluble in water, and 
quite devoid of acid properties. 

Selenious acid (SeO,) may be prepared by passing a current of oxygen 
over heated selenium; but it is more conveniently obtained by 
ing selenium in nitric acid or nitro-hydrochloric acid till dis- 
ved, and then evaporating the solution to dryness. 
This acid is colourless, and when strongly heated sublimes, and con- 
denses unchanged in the form of acicular crystals, which 
distinctly marked acid properties. It attracts moisture from the air 
and is consequently very soluble in water; a hot saturated solution 
ra ores on cooling; it is also soluble in alcohol, and has when 
a acrid odour. It forms salts with bases, which are called 

Many substances which have strong affinity for oxygen decompose 
selenious acid ; this is the case with sulphurous acid and phosphorous 
acid, and when the former is added toa solution of selenious acid, ared 
powder is precipitated, which is pure selenium, and sulphuric acid is 
at the same time formed. An alkaline sulphate produces a similar 
effect ; hydrosulphuric acid is also decomposed by and decomposes 
selenious acid, and a yellow compound is formed and precipitated, 
which is ree Morass 

Selenic Acid (HO.SeO,) may be prepared by fusing selenium, a sele- 
nide, or selenite, with nitrate of The Jieniate of soda obtained 
is to be decomposed by nitrate of lead, and the insoluble seleniate of 
lead precipitated is to be decom by a current of hydrosulphuric 
acid, w' throws down the as a sulphide. The selenic acid 
remains in solution, with some excess of hydrosulphuric acid, which is 
to be expelled by ebullition. y 

_ Selenic acid is pe colourless, inodorous, of an oleaginous consist- 
ence, and very acid; it attracts moisture from the air, and alwa: 
retains about 12°4 per cent. of water, which cannot be expelled with- 
out decomposing the acid. It may be heated to 586° without decom- 
position, but at 554° it is rapidly converted into ox and selenious 
When concentrated at a temperature of 329°, its ap. gr. is 2°524, 
and it gradually increases up to the temperature of 545°, when it 
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becdmes 2°625. When mixed with water, much heat is evolved, Its 
salts are called Seleniates. Zinc and iron are dissdlyed by this acid 
with the evolution of hydrogen gas, and copper with the formation 
of selenious acid. 

Seleniate of soda (NaO, SeO, + 10 aq.) occurs in large like 
those of Glauber’s salt. Seleniates of lime (CaO, SeO, +2aq.) and of 
nickel (NiO, SeO,+6aq.) resembles the corres: sul, 
Seleniate of Cadmium (Cd0,Se0, +2aq) differs both in com 
and crystalline form from the sulphate of cadmium, the crystals also 
lose an equivalent of water on being heated to 212° Fahr, 


Hydrogen and Selenium (HSe) unite to form hydroselenic or 


seleniuretted hydrogen. It is easily obtained by the action of 
sulphuric acid upon selenide of potassium, or of iron, This gas is 
colourless, has a disagreeable odour, and so powerfully irritates the 


membrane lining the nose as to excite symptoms of catarrh, and 


destroy the sense of sme for some hours. Water readily dissolves 
this gas: the solution is at first colourless, but after a time it acquires 
a reddish hue; it gives a brown stain to the skin, and reddens 
paper, When exposed to the atmosphere it is decomposed, its hydro- 
gen being absorbed by o , and the selenium is deposited. It 
composes the solutions of many metallic salts, selenides of the 
metals being precipitated. ‘ 
Chlorine and Selenium combine when the gas is passed over the 
selenium ; heat is evolved, and a brown chloride is obtained, which — 
is liquid; it is heavier than water, not very volatile, and by the action 
of water is eventually decomposed, and resolved into selenious and — 
This dichloride (Se,Cl) may be converted intoa dichloride by exposure 
to excess of chlorine. It is a white solid compound which is volati- 
lised when heated, and condenses in small crystals, It is decom- 


posed by water. 
). A definite compound of these is 


hydrochloric acids and selenium. 


Sulphur and Selenium (8. 
formed by passing hydrosulphuric acid gas into a solution of hydro- 
selenic acid ; the fluid assumes a yellow colour, becomes turbid, and a 
precipitate is formed, though but slowly, unless a little hydrochloric 
acid be added. When to heat this disulphide of selenium 
becomes red and viscid, and at high temperatures may be distilled 
without decomposing. 

Phosphorus and Selenium combine when the selenium is 
into melted phosphorus; the product is a red substance, but it 
not appear that any definite compound of these bodies is formed. 7 

Selenethyl or seleniwm-ethyl. THYL, selenide of one) . 

Selenium forms selenides with most of the metals, the selenide 
of lead is one of the most abundant of the native compounds which — 
occur in the Hartz. [Leap, in Nar. Hist. Drv.] 

The characteristic properties of selenium are those of tinging the 
flame of the blowpipe of a light blue colour, and emitting an acrid 
vapour, when heated in the air, which has the peculiar smell of 
decayed horse-radish. : 

SELENIURETTED HYDROGEN. [Seventum. 

SELF-REGISTERING INSTRUMENTS. In the determination 
of scientific data, it is of the utmost importance that the instruments 
of observation be as free from error as possible, or that the sources — 
and amount of error be accurately known. It is further necessary 
that the means of observation be irreproachable, and, if possible, con- 
tinuous. Where an instrument requires to have its indications recorded 
night and day, a large staff of observers is required, and they are liable 
to error, even when carefully trained to their work. |EQquatrIon, 
Personat.] The magnetic instruments at the Greenwich 
were formerly observed every two hours; but the results were of 
course liable to error, and i the magnetic variations were 
too rapid and transient to be record Hence attempts—and many 
of them successful ones—have been made from time to time to make 
instruments of observation record their own results. We have seen 
under AnEMOMETER the contrivances for registering the direction and 
pressure of the wind, together with the amount of rain; and under 
BaRoMETER some of the mechanical arrangements are stated for 

ing that instrument self-registering. The maximum and mini- 
mum thermometers in ordinary use will be described under THERMO- 
metER. Our object in this place is briefly to notice the yast improvement 
okogessiy 69 is purpose ot milregiercdcn, h donaepea ama 

phy to the purposes of self-registration. on h 
pet 8 employed for the self-registration of the changes in position 
of the declination magnet, of the horizontal force magnet, and of the 
vertical foree magnet, will show the nature of the arrangements, A 
prepared photographic paper is wrapped round a cylinder, the axis of 
which is placed parallel to the direction of mormon ae ears 
and the cylinder is turned round at a uniform rate by clockwork. The 
ight is supplied by a gas-lamp furnished with a copper chimney, in 
which is a small slit capable of adjustment by a screw. It is on the 
breadth of this slit that the breadth of the register-line depends. This 
ight falls upon a concave speculum, which rests in a stirrup connected 
th the magnet to be observed, so as to partake of all its 

movements. The pencil of light is reflected from the mirror to a 
convex lens, aad amet to, and with, the axis of the cy! ; 
which lens condenses the line of light to a definite spot of light on the 
paper. The source of light being , it is evident that the move- 
thents of the spot of light will correspond with those of the magnet, to ‘ 
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the right and left in a horizontal plane in the case of the declination 
magnet and horizontal force magnet, and up and down ina vertical 
plane in registering the movements of the vertical force magnet. Hence, 


to measure the ordinates, is traced upon the eees ty De action of 
epee 
through a slit fixed to the carrier of the cylinder. 


arranged in the siphon form, and a float, resting on the surface of the 
mercury in the shorter limb, hangs in a notch on the short arm of a 
delicately poised lever. At the end of the long arm of this lever is an 
containing a small aperture, through which a pencil of 
light passes. Now it is evident that, as this screen moves up and down 
with the oscillations of the mercury, a line will be traced on the pho- 
tographic paper by the pencil of light transmitted by the screen. There 
i arrangement for tracing a base-line on the photographic 


: 


a senator, or a representative of his gens in the senate. But Walter 

(¢ Gesch. des Rém. Rechts,’) justly observes that the age of a decurio, 
who was at the same time a military officer, and consequently must 
always have been a young man and able to bear arms, does not appear 
to be consistent with the age and duties of a senator. It is much more 
probable that each decury elected from its own body one by whom it 
was represented in the senate. Each curia was thus represented by 
ten senators, who were called a “decuria senatorum” (Liy.,i. 7). At 
the head of this decuria senatorum was a curio, and the ten heads of 
the decuries, when the senate consisted of only 100 members, or ten 
decuries, were the “decem primi,” from among whom the king chose 
one as princeps senatus. It appears that when the Ramnes and Tities 
became united, and the senate consisted of twenty decuries, the ten 
decuries of the Ramnes with their decem primi still retained for a 
time a kind of superiority over the Tities. (Dionys. Hal., ii; Plut., 
‘Num.,’ 3.) The senators representing the Ramnes gave their votes 
first, and the princeps senatus was chosen from among them alone. 
But the first two tribes must soon have been placed on a footing of 
equality, so that some of the decem primi, as well as the priaceps 
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a. Fine wires are placed across 
the slit through which the light passes, and coarser wires are attached 
as well as to the points 32°, 54°, 76°, and 98° 
The shadows of these wires protect the portion of the on 
which they fall from the action of the light, so that the ened 
surface of the paper is traversed by a series of parallel pale lines, and 
the relative positions of the broad and narrow lines show the tempe- 
rature indicated by the lp reais aeons the apparatus is 
find water-tight zinc case. 
PeELIN MARBLES. [Scu.rrvre.] 
SEMAPHORE. [Tevecrars. 
SEMIBENZID. 


This is adopted as the measure-note in music; the other five cha- 
racters that indicate duration, as minim, crotchet, &c,, being considered 


 RICOLOR. [ S aie 


SEMINAPHT. IDUM. [Narutuatic Group, Nitronaphthy- 
SEAL : 
QUAVER, a musical character, formed of a crotchet with 


_ two hooks added at the extremity of the stem, and is in duration J, of 


asemibreve. Ex. : 


—a 


SEMITIC LANGUAGES. [Anamaay, or Anamarc Lanauage; 
Hesrew Lanovace; Lanouace.] 
cannons an interval whepe ned whose ratio is 16 ; 15, as cc 4. 
according to ical meaning of the word, is 
“an assembl; ’ of elders,” and this is the sense which the Roman 
SSelbers attnck: to the auetined pumeterGd Rimes The number Of senators 


comprehended one tribe, the Latins of the 
senate consisted of only 100 members, hae 
second tribe, the number of senators was raised to 200; and when a 


, might belong to either of the tribes. (Dionys.,/.¢.) After 
the union of the third tribe, the senators representing the first two 
are supposed by Niebuhr to be the “patres majorum gentiwm,” and 
those re nting the third to be the “ patres minorum gentium.” 
Géttling (‘ Gesch. d. Rom. Staatsv.) on the other hand considers the 
“ patres minorum gentium” to have been the noble plebeians whom 
Tarquinius Priscus admitted into the three old tribes, and who, in con- 
sequence of this, became eligible to the senate. (Cic., ‘De Rep.’ ii. 
20.) The patres minorum gentium had at first, as Niebuhr (ii., p. 
114) supposes, no right to speak in the senate, but merely voted by 
going over to either party; and he therefore conceives that they were 
the “ senatores pedarii.” (Gellius, iii. 18 ; Dionys., vii., p. 453.) This 
name of senatores ii might in subsequent times, when all the 
senators had equal rights, be applied to all senators indiscriminately, 
as it was their general custom to vote by discessio, or a division. All 
writers agree that Tarquinius Priscus raised the number of senators ta 
300, but the*manner in which this was effected is stated differently. 
Cicero (/.¢.) says that the king doubled the existing number of 
senators (which would accordingly have been 150), while others (Liv., 
i, 35; Dionys., iii., p. 199) state that he merely added 100 senators: to 
the existing number of 200. Niebuhr ingeniously reconciles these 
two statements by the supposition that before the time of Tarquinius 
Priseus some of the gentes of the first two tribes had become 
extinct, though it does not follow that the number of the extinct. 
gentes amounted exactly to fifty. But if, as we have supposed, the, 
senators were not electéd by each gens, but by a decuria, Niebuhr’s, 
supposition must fall to the ground, as it cannot be conceived how 
decuries could become extinct, as they might be formed in such a 
manner that one large gens would comprehend several decuries, while 
smaller ones united in forming one decury, and thus were always able 
to make up a certain number of decuries. The statement of Cicero 
appears to rest upon a misconception. (Géttling, p- 228.) Servius 
‘Tullius did not introduce any change in the composition of the senate, 
but in the reign of the last king, Tarquinius Superbus, the number of 
senators is said to have become auity dicsbatat inished,as many of them 
were put to death, and others were sent into exile. These vacancies 
however were filled up immediately after the establishment of the 
republic by electing into the senate the principal plebeians af the 
equestrian order. vy (ii. 1) ascribes this completion to L, Junius 
Brutus; Dionysius (v., p. 287), Plutarch (‘ Popl.,’ 11), and Festus (s. v. 
“ qui patres”), to Valerius Publicola. The number of these new ple-~ 
beian senators is said to have been 164, but this is utterly incompatible 
with the subsequent history of Rome. The new plebeian senators, 
were called Conscripti, in contradistinction to the patrician senators, 
or patres ; hence the mode of addressing the whole senate “ patres 


esignate senators in general, was originally 
another name for patricians. (Liv., ii. 1; Fest., s. v. “ adlecti;” 
Niebuhr, i., p. 327, &c.) The number of 300 senators henceforth 
remained unaltered for several centuries. C. Gracchus was the first 
who attempted an alteration. Livy (‘Epit.,’ lib. 60) says that he 
wished to increase the senate by adding 600 equites, but this seems a 
mistake, and the reading is probably corrupt. Plutarch (‘C. Gracch., 
5, &c.) says that he added 300 equites to the 300 senators, and trans-_ 
ferred to this body the Judicia (publica), All the other writers who 
mention these events (see the passages in Gottling, p. 237, note 3) do 
not allude to an increase in the number of senators, but merely 
state that he transferred the Judicia to the equites, A similar 
attempt was made by the tribune Livius Drusus. (Appian, ‘ Civil.,” 
i. 85.) Sulla added 300 equites to the senate, and thus increased 
its number to 600. [Sutta, in Broce. Diy.] Four hundred 
senators were after this time U akon a case when many were 
absent. (Cic, ‘ad Att.’, i. 14.) Julius Cesar increased the number of 
senators to 900, and elected men of the lowest rank into the senate. 
(Dion Cas., liii. 47.) This mode of filling up vacancies or increasing 
the number of senators with freedmen and common soldiers was con- 
tinued after the death of Cesar, and at one time there were more than 
1000 senators. (Suet., ‘Aug,’ 35.) Augustus again reduced the 
number to 600, (Dion Cass,, liv, 14.) Respecting the number of 
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senators during the empire, we possess no diregt information. During 
the latter period of the empire the number of senators appears to have 
become greatly diminished. 

The senators were from the earliest times elected for life. Their 
name indicates that originally they were men of advanced age, but the 
exact age at which a man might become a senator opi the kingly 

riod is not mentioned. During the latter centuries of the republic, 
| seintes the age seems to have been fixed by some Lex Annalis, as the 
tas senatoria is frequently mentioned. But as a quiestor after the 
year of his office might be made a senator, and as the legitimate 
age for the quwstorship was twenty-five years, we have reason to 
believe that a person who had attained the age of twenty-six might be 
elected a senator. It might, however, be inferred from Polybius (vi. 
17) that this was not the case till a person had completed his twenty- 
seventh year. As ds the election of persons into the senate during 
the kingly period, Livy (i. 8) and Festus (s. v. ‘ Presteriti Senatores ') 
state that it was a ivilege of the kings. Dionysius (ii., p. 85), though 
he involves himecl? in difficulties by supposing that the three tribes 
were already united when the senate consisted of only 100 members, is 
undoubtedly right in stating that the senators were not appointed by 
the kings. (Niebuhr, i. p. 338.) The senators were elected by the 
decuries, and thus were real representatives of the curies, or a select 
body of the populus. The plebeians, who were afterwards admitted into 
the senate by Tarquinius Priscus, and after the banishment of the 
kings, must either have been incorporated with the patrician gentes, or 
their number must have been very small, for the first instance of a 

lebeian senator at Rome is Sp. Maelius, in 439 B.c. ; and a second is 

. Licinius Calvus, in 400 B.c,, although the latter may have held 
the office of questor, and so have got admission into the senate. 
Niebubr (i. p. 527, &c.) thinks that long before the institution of the 
censorship there must have been a time when the senators were 
chosen by the curies, and not by the subdivisions of the curies, and 
that each curia elected ten senators. He founds this supposition upon the 
Lex ovinia tribunicia mentioned by Festus (s. v. ‘ Preteriti Senatores’). 
But as the time, Niebuhr is manifestly wrong, which he him- 
self seems to have felt afterwards (ii., p. 403, note 885); for the Lex 
Ovinia refers to the censors, whom it directed to elect into the senate 
“optimum quemque curiatim.” (Compare Géttling, p. 345, &c.; 
Waiter, ‘ Gesch, d. Rim. R.,’ p. 100, &c.) During the early period of 
the republic, the right of electing persons into the senate belonged to 
the consuls, dictator, and military tribunes. But all the curule magis- 
tracies, as well as the questorship, conferred upon those persons who 
had held them the right of being elected into the senate. (Liv., xxii. 
49, “unde in Senatum legi deberent.”) The quastorship conferred this 
right probably from the earliest times, as it did in the time of Sulla 
[Quastor], and this circumstance explains why the patricians opposed 
the eligibility of the plebeians to the questorship. After the esta- 
blishment of the censorship, the election of persons into the senate 
was wholly in the hands of the censors, All curule istrates, that 
is, consuls, pretors, curule mwdiles, and censors, had by virtue of their 
office a seat in the senate, and might speak on any subject. After 
their office was over they retained this right, but without being 
real tors. Now v ies in the senate were filled up at every 
lustrum, and it was only on this occasion that the censors might 
elect those ex-magistrates into the senate whose conduct was un- 
blemished. Hence we have to distinguish between two kinds of 
senators, real senators (senatores), and such as were allowed “ dicere 
sententiam in senatu.” (Fest. s. v. ‘Senatores.’) The old decem 
primi senatus are no longer mentioned. The honour of prince 
senatus, which during the kingly period had been combined with the 
office of -custos urbis, and had been granted by the kings for ‘life, was 
afterwards united with the office of praetor urbanus, or with that of a 
military tribune (Liv., vi. 6), and only lasted for one year. After the 
establishment of the censorship, this honour was conferred by the 
censors, and at first upon the eldest among the living ex-censors; but 
afterwards upon any one whom the censors thought most worthy, 
(Liv., xxvii. 11.) If the censors thought a person who had held a 
curule office unworthy of being a senator, they passed over him (“ pra- 
teribant :” Fest., s. v. ‘ Prateriti’); but this seems to have seldom 
occurred with persons who had held a curule office, (Liv., xxxiv. 44; 
xxxviii. 28.) The plebeians as an order never obtained the right of 
being eligible as senators; but as soon as the great offices of the re- 
public became accessible to the plebeians, their claims to the dignity 
of senator could not be disputed. As, therefore, the qnastorship, con- 
sulship, censorship, and prwtorship, were one after the other thrown 
open to the plebeians, their numbers in the senate likewise continued to 
increase. At last (perhaps in the year 131 B.c.; Walter, p. 165, note 
156), even the tribunes of the people, after having before acquired the 
right to convoke the senate and to take part in its deliberations, gained 
by the Plebiscitum Atinium the rights of real senators. (Gellius, xiv. 
8.) On certain occasions a dictator was created for the p of 
electing new members into the senate. (Liv., xxiii. 22, &c.) M. Fabius 
Buteo, in 216 8.0. not only elected such men as had held curule 
offices, but also such as had been plebeian wdiles, tribunes, queestors, 
and perce who had distinguished themselves as soldiers. The senate, 
which at first had been the representative of the ulus, thus 
gradually became the real representative of the people; for although 
the censors or a dictator were the electors, yet, either by custom or by 


law,, they always elected such men as had held offices given by th® © 
people, so that it ;was in fact the people who elected the members of 
the senate, and the Roman senators themselves viewed their dignity as 
from the le. (Cie. ‘ pro Sext.,’ 65; ‘ c. Verr.,’ iv. 11; * pro Cluent.,” 
56.) T accounts for the fact that the members of the great 
colleges of priests, with the exception of the flamen dialis (Liv., xxvii. 
8), had no seats in the senate; and for the same reason it was a dis- 
puted point whether the prefectus urbi should have a {vote in the 
senate (Gellius, xiv. 8), for in the coll of priests vacancies were 
filled up by co-optatio of the members themselves, and the fec 
urbi was appointed by the consuls, and none of them derived their 
power from the people. In the time of Cicero, however, this ar: 
to have been altered, for we find that pontiffs might at the same bi 
senators. (Cic. ‘ad. Att.,’ iv. 2.) Notwithstanding all this, however, 
the senate, down to the end of the republic, preserved in a great 
measure its original character; it Bgnnimabg aristocratic 4 J 
During the republic we do not hear any property ification 
was required for a senator (Plin., ‘Hist. Nat.,’ xiv. 1), though the 
senators must generally have bel to the wealthiest classes. There 
is indeed a passage in Livy (xxiv. 11) from which it has been inferred 
that previous to the second Punic = a rE census was ree = i 
(Niebuhr, iii., p. 406); but the wo of Livy are too m 
of such an inference, and probably refer only to the fact that pds) i 
were among the wealthiest Romans, and were consequently able to 
make greater sacrifices to the republic than other persons.” ’ 
po) concludes from Cicero (‘ad Fam.,’ xiii. 5) that Cwsar was the — 
who instituted a senatorial census, but the passage of Cicero is e ‘ 
less conclusive than that of Livy. The first to whom the introduction o: 
a senatorial census is expressly ascribed is A us. He first fixed it at 
400,000 sesterces, but afterwards increased it to 800,000, and at last to 
1,200,000 sesterces. (Suet., ‘ Aug.,’ 41 ;"Dion Cass., liv. 17, 26, 30; ly. 


y as to fall short 


* Annal.’, iv, 42; Dion Cass., liv. 13; lv. 3.) Augustus réduced, as we 
have seen, the number of senators to 600, and cleared their body from 
the unworthy persons who had been admitted before his time. He 
also improved the senate by electing into it the most disti hed | 
citizens of municipia and colonies, and even provincials. (Tacit. 
‘Annal.’ iii. 55; xi. 25; Suet., ‘ Vespas.,’ 9.) Such senators of cour 
resided at Rome, and, with the exception of those who i to 
a “ Gallia ae they were not ae to visit : 
‘ormer homes without a special permission of the emperor. ( . 
‘ Annal.,’ xii. 23 ; Dion Cass., lii, 42; Ix. 25.) Ata later period these 
foreign senators were aoe uired to purchase a certain amount of landed 
property in Italy. (Plin., ‘ Epist.,’ vi. 19.) The emperors also 
assumed the right of convoking the regular as well as extraordinary 
meetings of the senate (Dion Cass. liii. 1; liv. 3), although the too F 
pretors, and tribunes continued to enjoy the same privilege. ( 
* Hist.,’ iv. 39; Dion Cass., lvi. 47 ; lix. 24.) 

Senators were never allowed to carry on any mercantile business. 
About the commencement of the second Punic war, however, some 
senators seem to have entered into mercantile speculations ; and a law 
was passed, notwithstanding the opposition of the senate, that no 
senator should be allowed to possess a ship of more than 300 amphoras 
in tonnage (Liv., xxi. 63), this being thought sufficiently large to eon- 
vey to Rome the produce of their possessions abroad (comp. Cic. ‘ c 
Verr.,’ v. 18); from which it is clear is law was not 
always observed. No one moreover could be elected senator whose 
parents were not free men by birth (ingenui). The first violation of 
this custom was attempted by the censor Appius Claudius Cecus, who 
elected into the senate the sons of en. (Liv., ix. 29 and 46; 
Aurel. Vict., ‘De Vir. Illustr.,’ 34.) But this election was considered 
illegal. ‘Towards the close of the republic such proceedings appear to 
lave been rather common. (Dion Cass, xl. 63; iii. 47; Horat.. 
“Sat.,’ i. 6, 21.) If a senator was struck from the lists of senators by 


the censors, he was not disqualified for any of the great state offices, 


but he might still obtain them, and thus find his way back to. the 
senate. (Cic. ‘pro Cluent., 46; Dion Cass., xxxviii., 30; xliii. 52; 
a "2 Ree in ‘ Dict. ter and Rom. Antiq.’) ; 

e regu meetings of the senate (senatus /egitimus) during the 
republic were held on the calends, nones, and ides of every month, 
(Cic. ‘ad Quint. Frat.,’ ii. 13.) Extraordinary meetings (senatus 
indictus or edictus) might be convoked on any day, provided it was not 
a dies comitialis, or a dies ater. Augustus decreed that a senatus ~ 
legitimus should only be held twice every month, on the calends and 
on the ides; that during the months of September and October, only 
a small number of senators, drawn by lot, should attend; and that 
their attendance should be sufficient to enable the body to transact — 
business, (Suet., ‘Aug.,’ 85; Dion Cass., ly. 3.) What number of © 
senators was necessary in order to constitute a legal meeting is uncer- 
tain: on some occasions, however, as we see from the , 
consultum de Bacchanalibus (Liv., xxxix. 18), a decree could not be — 
made unless there were one hundred senators present, Sometimes — 
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also it was found necessary to enforce the attendance by a multa, or a 
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the time of the empire one of the consuls seems always to have 

in the Senate, tisk Ye einperors, uaky whe were consuls (Plin., 
‘ Epist.’, ii. 11); but by e of their power, t 
at any session uce any subject they pleased (Dion Caas., )s 
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(v., p. 331, vi. p. 408), the head and of the whole 
vor the ccuaeitested intelligence and wisdom of the whole nation. 
Tes chictt to the consistency, wisiom, and eo aT ot ie tae 
i a long period that Rome was inde’ for her greatness 
and her success, 
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During the kingly period the kings acted according to the deter- 

minations of the senate, and the kings had only the executive. The 
subjects on which the senate decided before they came before the 
Pere conprehenied the whole internal administration of the state, 
legislation, finance, and war. On the death of a king the senate pro- 
posed the new candidate to the comitia by means of the interrex. 
(Liv.,i. 17.) At the establishment of the republic no change appears 
to have been made in the power and authority of the senate. The 
senate and the people had the sovereign power. At first all measures, 
whether relating to the administration or legislation, originated with 
and were prepared by the senate; but this power was afterwards con- 
siderably diminished by the attacks of the tribunes of the people. In 
many cases the pec | state of things became reversed, inasmuch as 
laws might originate with the people, and only require the sanction of 
the senate; or might have the power of law even without this 
sanction. [Trrunvs.] A still more formidable blow was inflicted 
upon the power of the senate when the tribunes obtained the right of 
invalidating its acts by their intercessio. [Trrsunus.] The power 
which the senate exercised during the republic, when the tribunes did 
not intercede, may be comprised under the following heads :— 

1. The senate had the control of the public treasury (wrarium) 
(‘ Polyb.’, vi. 13); the accounts of all the revenues were laid before the 
senate, and no ald of the public money could be expended without 
their consent. Hence no consul or magistrate could raise an army, or 


ly pri 
Italy had disputes among themselves, if they had done snything 
deserving ae it, or if they required assistance or a garrison, 
was 


the senate inted a person, but did not pronounce sentence itself. 
(Cie., ‘De OR, i 

3. All ambassadors sent from Rome, and all commissioners charged 
with the ion of the affairs of a newly conquered province, were 
nominated by the senate, and the ambassadors themselves were in 
many cases members of the senate. All foreign ambassadors com- 
m with the Roman senate, (Polyb., /. c.; and Livy, in 
numerous passages.) Treaties concluded with foreign nations by a 
Roman general required the sanction of the senate. 

4, The senate assigned to the consuls and pretors their respective 
provinces [Proyrncta], and the senate might at the end of a year 
propose the prolongation of their imperium. 

5. The senate decreed all public thanksgivings (supplicationes) for 
victories obtained by the generals of the republic; and the senate alone 
could confer on a victorious general the honour of a triumph or of an 
ovatio. (Liv., v. 23; Cic., ‘ Shilip.’, xiv. 5.) 

6. The senate in times of great danger could delegate unlimited 
power to the consuls; and was done by the formula, “ videant 
consules nequid respublica detrimenti capiat.” The senate had also 
the supreme superintendence in all matters of religion, and decided 
whether the worship of new gods was to be adopted or not. [Szraris.] 

During the empire the senate lost its former character, for the 
emperors became the sovereign, and the senate was a subordinate 
power, and little more than a high court of justice. Respecting the 
provinces of the senate,see Provincta. The senators, however, were 
always looked upon as of the highest rank. Vacancies were 
filled | by the emperor at discretion, chiefly with equites, whence the 
equites are called seminarium senatus. ( prid., ‘ Alex. Sey.’, 19; 
Joseph., ‘Antiq. Jud.’, xix. 1.) Constantine established a second 
senate at B tium, and the emperor Julian conferred upon it the 
which were enjoyed by the senators of Rome. (Zosimus, iii. 
11) th senates were still sometimes addressed by the em: in 
a imperial oration concerning matters of legislation, and Pi erg the 
senates still continued to be a high court of justice, to which the 
emperors referred important criminal cases. e senatorial dignity 
was now obtained either sg descent, by the favour of the emperor, or 
by ,virtue of having held some office at the imperial court. The 
senators enjoyed ig yer ares but their burdens were exceeding] 
heavy, for they had to pay a peculiar tax (follis) upon their lan 
property, to give public games, and magnificent presents to the 
emperors, and, in times of need, large donations to ple. The 
emperors, therefore, contrived to elect into the senate the wealthiest 
aig from all parts of the empire. (Walter, ‘Gesch, d. Rém. 


Pree ti Vins of Diocletian the senate was only a shadow of its 
former state, but it was still the highest object of the ambition of the 
Romans. 
It ae beat bo mention some of the external insignia and the 
of the Roman senators. 
1. The latus clavus, or tunica laticlavia, or a tunica with a broad 
le stripe, which was not sewed to it, but woven in it. 
2. A kind of short boots with the letter C on the top of the foot. 
This C is generally int to mean centum, and to refer to the 
inal number of a hundred (centum) senators, ; 
3. A particular place (orchestra) in the theatres and amphitheatres, 
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This was first assigned to the senate i eg Africanus Major, B.c. 
194 (Liv. xxxiv. 54; comp, Cic. ‘pro Cluent.’, 47.) In the of 
Clandius they obtained the same distinction at the games in the Circus. 
(Suet., ‘Claud.’, 21; Dion Caas., Ix. 7.) 

4, On the day when sacrifices were offered to Jupiter, the senators 
hada public feast on the Capitol, and this inction, which no one 
else had, was called jus publice epulandi. (Suet., ‘Aug.’, 35; 
Gellius, xii. 8.) 

5. The jus ‘libere —— that is, senators, when allowed to 
travel abroad, had a t to demand from the inhabitants of the 
towns or countries ugh which they travelled, all that was 
necessary for their support or accommodation. Towards the end of 
the republic this t was much abused, wherefore Cicero obtained 
the passing a law which limited the time during which a senator might 
be absent and enjoy the jus liberw legationis to one year: Cwsar, 
however, extended it to five. 

SENECA INDIANS. [Norra Amertcay Inprans.] 

SENEGUIN. [Saronr.] 

SENESCHAL, a word rarely used except by persons who affect a 
kind of refinement of style which they think is attained by using 
words of exotic growth rather than words the natural growth of their 
own soil, the meaning being precisely that which is represented oA the 
word “steward,” and this when the word is applied to officers so desig- 
nated of the greatest eminence; the lord high-steward of England or 
of Scotland being the proper phrase for that great officer, and not lord- 
high-seneschal. But the functions of the officer called steward in 
Britain corresponding with those of the officer called seneschal abroad, 
and especially in France, when the word appears in Latin, it is repre- 
sented by senescallus, writs running “ Senescallo Hospitii Regis,” &c., 
when addressed to the steward. In and romance-writing it is 
sometimes used for a principal officer in the household of distinguished 
persons, when it is thought that the word steward would be too 
familiar, and suggest an officer whose duties are of an inferior class to 
those of the seneschal. 

SEN NA is prepared from several species of Cassia [Cassta, in Nat. 
Hist. Drv.]}, of which the acutifolia, grown in Egypt, Sennaar, and 
Abyssinia, and shipped from Alexandria, is considered the best. The 
leaflets, leaf stalks, and pods are frequently present in the senna used 
in medicine. The pulp of C. Fistula, called also Cathartocarpus Fistula, 
consists chiefly of sugar and gum, with some other principles, and is a 
mild laxative. It accordingly enters into the composition of the con- 
fection of cassia, and the confection of senna or lenitive electuary. 
These are pleasant-tasted but rather bulky purgatives for children. 
They are not much used, and the pulp of cassia is chiefly employed to 
form what is termed essence of coffee. This, when prepared from pulp 
which has not been kept too long, is mildly cathartic, and a very proper 
article of diet for persons subject to habitual constipation. 

Senna contains a peculiar principle called cathartine, with a fat oil, 
and a little volatile oil, a colouring principle; mucilage, and malate and 
tartrate of lime, chlorophylle, &c. 

The active or purging principle is yielded to water, both cold and 
warm, and to alcohol. If the infusion be made with cold water, it 
never gripes: this method is now much employed to form the con- 
centrated infusions supplied by wholesale chemists and druggists to 
country practitioners, It requires that the water should stand twenty- 
four hours on the leaves, which should be kept down with a heavy 
weight, and the air excluded as thoroughly as possible. The tincture 
is almost an unnecessary form, while the powder is objectionable from 
its bulk and disagreeable taste. Various articles, especially aromatics, 
are occasionally added to infusions to correct its griping tendencies, or 
increase its purgative power. The confection is an example of such 
combinations in a solid state. A carefully prepared extract keeps well, 
retains the odour and virtue for years, and may be given in moderate- 
sized boluses or pills. 

SENSIBILITY, an aptitude for receiving impressions of the senses. 
This is its physiological meaning, as designating that faculty of the 
senses whereby things external are made to act upon us. That peculiar 
fineness of organisation which renders a man alive to the impressions of 
physical objects, has, by a natural metaphor, become the expression of 
that peculiarity of mental organisation which renders the mind alive 
to impressions of moral objects, such as pity for the distress of others, 
admiration of heroic co or Paw pe endurance, &c.; and thus a 
person with a keen sense of grandeur, sublimity, nobility, beauty, or 
pathos in nature or art, is said to t sensibili' It is this 
moral aspect of sensibility which in all le creates the love of 

and fiction, and when possessed in a high degree creates the 
poet himself. 

A singular but suggestive theory of universal sensibility was pro- 
pounded by Campanella in his work ‘De Sensu Rerum ;’ but its 
daring assumptions, however consonant to a poetical temperament, 
require greater accuracy, larger data, and more logical deductions, 
before this hypothesis can have any weight with exact thinkers; and 
in fact it has gained few converts. 

SENTENCE, [Jupoment; Orcanon. * 

SENTINEL, or SENTRY (from sentire, to look or perceive), is a 
term now applied to an infantry soldier when placed on before 
the palace of a royal personage, or before some other public building ; 
also when guarding the ramparts of a fortress, or, on an army being 


Pree field, when he is stationed on the exterior of the line of outposts, 
QUET. 

SEP. TE PROPERTY. By the common law. of the © 
husband yy by the marriage a freehold interest in, and a right to 
dispose of, the rents and profits, during the joint lives of himself and 
his wife, of all the estates of inheritance of which she was at that time 
seised, or might become seised during the coverture, as well asa right to 
an estate for his own life as tenant by the curtesy in the event of his 
surviving his wife and there having issue of the begs |! 
the common law, also, marriage was an absolute gift to the hus! of 
all the goods and personal chattels of which the wife was actually pos- 
sessed at that time or might become possessed during the coverture, 
and it gave him a right to dispose of her chattels real and of such of 
her choses in action as he should have reduced into possession 
during the same period. There was no mode by which the wife could 


husband. 

In process of time, however, limitations of both real and personal 
property to the separate use of the wife were established in courts of 
equity, and the validity of them has been recognised even in courts of 
law. It was at first considered necessary that pro, which was to 
be enjoyed by a married woman for her separate use should be vested 
in ovate for a highest been settled ey where either real 
or personal property is given to the separate use of a married woman, 
without any appointment of trustees, the husband shall be considered 
a trustee for her. This principle applies @ fortiori when the property 
is expressly given to the husband for the separate use of his wife. In 
the same manner the agreement in writing between the husband and 
wife before marriage, that his wife shall be entitled to any specific 
property for her separate use, converts him into a trustee for her as to — 
that property ; and if the subject of agreement be real estate, and be 
such as to give the wife a power of disposition, the agreement will be 
binding ply heir, and make him a trustee for her appointee. The — 
consideration of what is or is not a valid settlement of property by the 
husband to the separate use of his wife as against creditors and pur- 
chasers, belongs to the general doctrine of marriage settlements. 
(SerrLement. ] , 

Many questions have arisen upon the construction of 
instruments as to what words are necessary to raise a trust for the — 
separate use of the wife. The result of the cases upon this point may — 
be stated to be, that when, from the nature of the transaction and 
context of the instrument, the intention to limit the property to the 
wife for her separate use is clear, whatever may be the : 
expressions used, that intention will be carried into effect; but that 


interest which he would otherwise take in his wife’s property upon — 
doubtful inferences or ambiguous expressions. It has sometimes been 
doubted whether property could be limited in trust for a woman, 
whether married or sole at the time, so as to enure to her sep: ' 
use in the event of a second or future marriage; but the recent 
decisions upon this point, in accordance with the practice of 
conveyancers, leave no room now to doubt their validity. The intention 
to extend the limitation to future covertures must, however, be clearly 
declared ; for if the — object be to protect the fund against the 
particular husband, a declaration that the trust shall continue during — 
the life of the woman will not extend it to a future marriage. 

Separate estate may be acquired not only in lands and personalty, 
but in the profits of trade carried on by the wife on her F 
account, in consequence either of express agreement between her and 
her husband before marriage, or his subsequent permission. Upon 
the general principles away to marriage settlements, the agreement 
in the former case will against creditors; in the latter 
the husband only. In such cases the stock in trade and property 
required for carrying on the business are usually vested in trustees 
for the wife, who is considered at law as their agent, and should carry 
on all business transactions in their names. But if no trustees should 
have been appointed, the rule of equity before stated will apply, and 
the husband will be bound by his agreement, that all his wife's 
— in trade shall be her separate property and at her own 


en personal property, whether in possession or reversion, is — 
settled to the separate use of a married woman, she may dispose of 
it and the produce of it as a feme sole to the full extent of her 
interest, though no particular power be given by the instrument of 
settlement. But a mere limitation of real estate in fee to the sole 
and separate use of a married woman, though it enables the wife to 
dispose of the rents and profits as a feme sole, gives her no power of 
disposition over the estate beyond what she has by the common law. 
The gift to the separate use may be accompanied by an express power 
of appointment by deed or wi The rules of law relating to the 
fo’ execution of such powers, and the cases in which defective 
execution will be supplied, are the same as those which are applicable 
to the execution of powers in general. [Usxs.] é 
It is not necessary in all cases of ment of personal property to 
the te use of a married woman, accompanied with a power of 
ya Rage mn nt she should appoint in terms of the power, Upon 
is point the following di ions are established :—1. When there 


is an express limitation of an estate for life in the fund to the wife, — 


take or enjoy any estate or property absolutely independent of her = 


the 


the courts of equity will not interfere to deprive the husband of the 


>. a 
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with a power to int the principal after her death, the wife can | the wife, in the administration of it among creditors, all ought to come 
dispose of the Saplial only by an execution of the power, which may be | in pari passu, as in other cases of the administration of equitable 


immediate, if the power authorise an appointment by deed ; but if it 
uire the appointment to be made by will only, then it cannot take 
effect till after her death. This is equally true whéther the limitation 


executors i i 
the fa the, amen the property, although it should be limited to 
her in the form of a power, e may dispose of it under her general 
power, and without regard to the ceremonies ibed by the instru- 
ment. Under the second head are included all the cares in etry 
the trust for the wife appears to be of the principal and not of the 
ocigntionn ca een mia ee 
the introduction of any su uent provisions as to the mode o: 
= ent of the interest or otherwise. . 


respecting 
sole, and is peteaie: answerable for contempt in not beying th 
orders of the court. is a plaintiff sho eying the 


The savings and earnings of a wife may become her separate propert 
at law, and she may deal therewith as a feme sole, either where ps 


‘ SEPARATION, JUDICIAL. Until the statute 20 & 21 Vict. c. 85, 
divorces @ vinculo, which put an end to the marriage altogether, were 


If the wife, having a wer of disposition of her 
od capil ead life to receive = apply her 
i i eral 


all if his conduct had not been free from reproach, [Drvorce.] 
Either of the spouses could always however obtain, on the ground of 

adultery, cruelty, and certain other causes, a divorce a mensd et thoro. 
The 'Y now given in such cases by the Court for Divorce and 
Causes is termed a judicial separation. This, like a, 


over a fund, has executed it, a bill been filed, in order | But it relieves the husband from all liability for his wife 3 and it 
the consent in court of the wife to the ition might be confers on the wife the right of having and disposing of hen yt 
taken ; and this practice occasioned a doubt whether it was not propert and earnings, as freely as if she were a feme sole. 
necessary that the wife’s consent in court should be obtained, ially| This Lind of separation may be obtained on the ground of adultery 
in cases where the appointment was in favour of the heated. Bes or cruelty, or desertion without cause for two years or upwards; but 
4 i ly the appdintment is valid without any such consent, | unlike a decree for a divorce, which is absolute and irreversible, a 
; the presence of the wife in court, whether the appointment be to | sentence of judicial separation may be reversed at any time after- 
7 her husband or to strangers, is entirel unnecessary. wards, if obtained in the absence of the defendant, on ‘its appearing 
Tt was at one time doubted whether the wife's general power of | that there was reasonable ground for the alleged desertion, 
alienation of her separate estate could be — ined by the - ot. prerarliy- yee of ae fot ‘Daicial sepetaiion, the Soar mays if it 
intention of the settlor, such restraint being ought it to the i , order that the hus 8 secure to the wife such 
7 ; < er f Sum as it shall deem reasonable. The allowance which may thus be 


made to a woman for her support out of the husband’s estate, is to be 
settled at the discretion of the court on consideration of all the 
circumstances of the case, and to be proportioned to the rank of the 


parties. : ; 
SEPIRINE, A resinous alkaloid, found along with Ledirine in the 
bark of the bebeern tree of British Guiana, ; 

SEPOY, or SIPOY, the name of the native soldier in the East 
oe! pom, spel, the Persian word for soldier, though 


were in almost universal use b the native soldiers of India 


houses and ens are also called sepoys, and with more riety, 

oe The native soldiers ih the pay 
of the British government now form a large army well trained in 
Eu discipline. Though the men of some of the regiments com- 


of men of the highest caste are said to have been of a greater 


i future 
i decided in the affirmative, and is 
~yjgw well settled. (Tullet rv. Armstrong, 4 M, & C., 390.) 


i 
; 
F 
F 


dispose 
>? 

of it as a feme sole, either with or without consideration ; but it seems 
to be now determined (though are conflicting decisions on the 
Pte hang, the Older authorities), that, in order to affect her separate 
estate, she must show an inten’ to charge it, and that it is not 
liable to answer general the demands of creditors. It is not very , ; 1 
clearly determined in cases and from what circumstances the is chiefly indebted for the possession of her Indian empire, and the ‘ 
intention to charge the separate estate will be presumed. It seems to of her sovereignty over a territory vastly more extensive than a 
be established sale ba te & married woman is liable to | her own, and separated from her by the distance of nearly half the q 
4 written security or acknowled ent, be. 

such as a bond or promissory note, The extent to which a wisiee cg ee the first possession which the English obtained in India, 


but the establishment on that island was for a long time on a very 
separate consists of land, it will of course not be liable; | few companies of native troops, who were peons, subject to little 
because, by the Statute of Frauds (29 Car. IL, § 3), no agreements can a 
affect lands 


control, to no fixed military law, and who used their native weapons in 


donnais, in the siege of Madras in 1746, 400 sepoys well armed 
and well trained, besides 400 disciplined negroes from Madagascar, in | 
addition to his European soldiers, A corps of 100 sepoys from Bombay 7 


ery are 

Madras in 1747, but these were probably only peons and bands of un- 

disciplined natives hired for the occasion, \s 1748 a small corps of 
GG 
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natives was raised in the neighbourhood of Madras, and trained and 
Gisciplined by Mr. Haliburton, a lieutenant. From 1748 to 1766 the 
sepoys were in separate companies of 100 each, commanded by su- 
badars, or native captains, though under the superintendence of Euro- 
peans. In 1766 the companies were formed into battalions of 1000 
men each, commanded by Euro officers, under whom the subadars 
still retained their rank and influence. In 1796 two battalions were 
made to constitute a regiment, which continued to be the form till 
about 1820, since which time each regiment has been made to consist 
of two battalions of 500 men each. This description of force was 
adopted also in Bombay and Madras, and continued to increase. In 
1856, just before the mutiny of the Bengal army, the native army 
was composed of 240,120 men, forming,— 


5 Troops of horse artillery. 
18 Companies of artillery. 
22 Regiments of regular cavalry. 
155 Regiments of regular infantry. 
23 Regiments of irregular cavalry. 
30 Regiments of irregular infantry. 

5 ee brigades of all arms, 

1 Native legion. 

The native army, which, with the whole of the Company's troops, 
were in 1858 transferred with the government of India and placed 
under the crown, having been in great part destroyed by the mutiny 
of the Bengal army, is now greatly reduced, and is being reorganised 
and placed on the footing of irregulars. In irregular regiments the 
sumibee of European officers is very small, the men receive high pay, 
and provide their own horses, forage, &c. 

SEPTEMBER, the ninth month, as the year is now divided by 
European nations. It consists of 30 days. Etymologically the name 
is improper, being a Latin term formed of septem, seven, and the ter- 
tnination der ; and the same impropriety belongs to October, November, 
and December. The Roman year originally commenced in March ; and 
the English names of the months, which are all Latin terms, ys teed to 
have been given to them by the lawyers, whose writings were gens f 
n Latin, and who supposed the year to commence in March, on whi 
supposition the names are right, September being the seventh, October 
the eighth, &c., when March is the first. The legal year in England 
was not made to commence on the Ist of January till the alteration of 
the style in 1752. 

Other appellations were given to this. month under some of the 
Roman emperors. The Saxons called it Gerstmonath, or barley-month, 
gerst being the original Saxon name for barley, which was the chief 
grain cultivated by the Saxons, and commonly harvested in this 
month. 

SEPTUAGESIMA, . 

SEPTUAGINT, or THE ALEXANDRINE VERSION OF THE 
OLD TESTAMENT, the most ancient translation of any of the 
Scriptures. It isin the Greek language. The account of its origin 
is given in a letter ascribed to Aristeas, an officer at the court of 
Ptolemy Philadelphus, and repeated by Josephus (‘ Antiq.,| xii, c. 2) and 
Eusebius ‘Prapar.’, Evang. viii. c. 2-5, [ArisTEas, in Broe, Dry.] 

Philo says that the Septuagint was translated from the Chaldaic, by 
which he means the Hebrew Scriptures as they existed after the 
Captivity. But from certain points of resemblance between the 

tuagint and the Samaritan Pentateuch, many eminent critics have 
coneluded that the former was translated from the latter, and not from 
the Hebrew. It is, however, quite incredible that, if this had been 
the case, the Septuagint should have been, as it was, universally 
received by the Jews. 

The character of the version varies greatly. By far the best part 
is the version of the Pentateuch, which was evidently made by a man 
well acquainted with both Hebrew and Greek. Next in value is the 
book of Proverbs, which is for the most part very accurate, and dis- 
plays much poetical taste. The translation of Ecclesiastes is too literal. 
The books of Judges, Ruth, Samuel, and Kings appear to have been 
translated by the same author, and do not contain so many Hebraisms 
as other parts of the version. In the book of Job many interpolations 
are made in the narrative, and there are considerable omissions in the 
poetical parte. The book of Esther, and the Psalms and Prophets, 
ap to have been translated between 180 and 170 8.c., but in a very 
Selator manner : indeed a great part of the version of the Psalms is 
quite unintelligible. Jeremiah is the best translated of the prophets ; 
next come Amos and Ezekiel. The version of Isaiah, which Lowth 
places 100 years later than that of the Pentateuch, is the worst of all, 
except that of Daniel, which differs so much from the Hebrew, that 
the early Christians rejected it altogether, and substituted the version 
by Theodotion in its place. The Septuagint contains also the apo- 

books of the Old Testament. [ApocryrHa. 

Septuagint was used not only by the Hellenistic Jews, but by 
all Jews who understood Greek; and even some of the Talmudists 
mention it with praise. It is constantly quoted by Josephus, and very 
frequently by the writers of the New Testament. 

5 Soon after oe Christian moe sgn we find the opinion of the 

ews respecting it very much altered, probably in consequence of the 
use made of it against them by the Christians They went so far as 
to institute a folemn feast on the Sth of the month Thebet (December) 


[SexacEsmMa.] 


to execrate the memory of its having been made, and afterwards a 
new version, that of Aquila, was made for the express purpose of super- 
seding the use of the Septuagint in the synagogues. [AQuita, in 

Broa. Dry.) ee — of Be Greek preg always yea Bo 
Septuagint. the early versions, except Syria , were mn 
it. And thos, through the Vulgate, it was used in the Latin as well 
as in the Greek church, Its text having become corrupted by frequent 
transcription, Origen undertook to it, and prod his cele- 
brated ‘ Hexapla.’ [Ontoxnes, in Broo, Dry. ‘ 

At the end of the 8rd and the beginning of the 4th centuries, three 
recensions of the text of the Septuagint were produced, The first was 
undertaken. by Lucian, a presbyter of Antioch, who suffered martyrdom 
A.D. $11. This edition was conformed to the Hebrew text, ge | 
received in the churches from Antioch to Constantinople. The t 
was edited at the same time by Hesychius, an Egyptian bishop. It is 
not known whether he followed the Hebrew text or ancient man: 
of the Septuagint ; but his alterations ap, to have been fewer than 
those of Lucian, His edition was received by the churches of and 
is cited by Jerome as the ‘ Exemplar Alexandrinum,’ The third was 
transcribed by Eusebius and Pamphilus from the text in the Hexapla, 
with the whole of ’s critical marks. In process of time these 
marks became so by frequent transcription, that they were at 
length altogether omitted, so that it is now go ope to ‘ 4 
Origen’s emendations from the original text. ‘This edition was received — 

the churches of Palestine, and had a place in all libraries, All 

e subsequent editions of the Septuagint are founded upon these 

There have bee odern editions of the Septuagint; the 

ere have been many modern ons of the 3 
eafliest ia the Complutensian in 1514-1517. ‘ 

For an account of the other Greek versions of the Old Testament, 
see AQuiLa; Symmacnus; Turoporron, in Broc. Dry. (The ‘ Intro- 
ductions’ of Horne and Jahn, and the authorities quoted by them.) 

. SEQUESTRATION. [Bexerice.] 

SEQUESTRATION is a process by which the revenues of an eccle- 
siastical benefice are received and applied by persons other than the 
incumbent of it. It issues immediately from the bishop in all cases, 
but it may be founded upon proceedings commenced either in his own 
court or in the temporal courts. It is a mandate, in the nature of a 
warrant, addressed by the. bishop to the parties who are to execute it, 
These are called sequestrators, and in general are the churchwardens 
of the parish. So far as regards their duties under the sequestration 
they are a kind of bailiffs. They collect the fruits of the benefice, and 
apply them according to the directions they receive in each case. 

’ The occasions on which a sequestration is founded on 
in the court of the bishop are various. There may be a t 
where a living is vacant by death; in order to provide for the ex- 
penses of supplying the cure, and to the surplus for the 
successor. ere the title to a living is in dispute, a sequestration 
pie hn under which some third party collects the fruits, and, after . 

the salary of the curate and other necessary expenses of the 

benefice, retains the surplus for the who may aj to be law- 

entitled. There are ms also wh bishop acting 

judicially may sequester a living, as where the parsonage-house is in 

reer £ and the incumbent, after due admonition, which may be made 

by the archdeacon, fails for a period of two months to repair it. The 
payment of a curate’s salary may also be enforced by sequestration. 

Sequestrations founded on pi ings in the tem! courts occur 
under the following circumstances :—The sheriff, the ordinary minis- 
terial officer of those courts, has no power to interfere with ecclesi- 
astical revenues. When a judgment therefore has been obtained 
agen a beneficed cl , and execution has issued upon it, and 
the clergyman has no lay property upon which the sheriff can levy, he 
makes a return that the defendant isa beneficed clerk having no ae 
fee within his bailiwick, The plaintiff may then sue out a writ ad- 
dressed to the bishop, directing him to the amount upon the 
clergyman’s ecclesiastical goods. The bishop upon this issues a seques- 


tration, directing the sequestrators to levy the debt upon the profits ~ 


of the benefice; or the plaintiff may sue out a ig age facias, 
addressed to the bishop. The bishop, under these circumstances, is_ 
said to be a kind of esiastical sheriff; and the temporal courts, in 
so far as relates to his duties as such ministerial officer, have the same 

er over him as they have over the sheriff, and his duties are ana- 
ogous, [Suertrr.] ‘The od grees ought to be forthwith pub- 
lished by reading it in church during divine service, and afterwards 
at the church-door. The party obtaining it may, on oping proper 
security, name his own sequestrators, Under either of those writs 
the plaintiff is entitled to the growing profits, until the whole sum 
endorsed upon it is satisfied, even although this should not occur till 
after the time at which the writ is returnal The necessary expenses 
of the sequestration, &c., are also leviable under the writ. The lands 
are bound from the time of the delivery of it to the bisho 


Sequestration in chancery is a “ writ issuing out of the court, 


directed to four or more commissioners, empowering them to enter 


into a defendant's real estates, and to sequester into their own hands not 
only the rents thereof, but also all goods, chattels, and 
estate whatsoever, to keep the same until the defendant has fully 


answered his contempt.” It issues upon the occasion of their com- 
3 


mitting a contempt against the court, 


u estrat ion 


by keeping out of the way of 


a 


ear 
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the serjeant-at-arms, or escaping from custody, or disobeying an order | had two shrines, into which he entered at pleasure, and from which 
of the court to pay money. passage augury was taken by the priests. The sacred bull was attended 


é on algo may be issued from the Courts of Common 
Law against a corporation, to compel obedience to a mandamus or 


injunction. F 
SEQUESTRATION (Scotland), [Banxrurr Laws or Scor.ann.] 


SEQUIN. ONEY,] i 

SERA’GLIO, properly serai, the palace of the Sultan of Turkey; 
in this sense the word is also ied to the houses of foreign 
ambassadors resident at his court. The serai of Constantinople stands 


in a beautiful situation, on a head of land projecting into the sea, 
formerly called Chrysoceras, or the Horn of Gold, now Seraglio Point. 
The embrace a circuit of about three miles. Its outward appear- 
ance is not imposing, though its extent is large. The principal 
entrance, a large pavilion, which looks more like a guard-house than 
the entrance to a palace, is always guarded by idjis, officers of 
the seraglio ; but this is the Porte, from which the title of the Sublime 
Porte has arisen. That part of building which is occupied by the 
women of the sultan has been improperly called seraglio, and hence 
the word has become synonymous with harem, an Arabic word, mean- 
5 nly Md t of the house where the. women and 
dai of the Mohamm reside, 

I, a large building for the accommodation of travellers, com- 
mon in Eastern countries. The word is Persian, and means in that 
language, “a palace, the king’s court, a large edifice ;” hence kardvdn- 
serait, by corruption caravansarie, that is, place of rest for caravans. 
In ey these buildings are y called khans, from khan, 
another Persian word, which has a similar meaning, In Tartary and 
India they are simply called serais. The erection of these buildings is 
considered highly meritorious by Hindus as well as Mohammedans, 
who frequently endow them with rents for their support, [Szrac.to,] 

SERALBUMEN. (OvaLsumeEs,] 

SERAPEUM, the name given to two celebrated Egyptian temples, 
one at Alexandria, the other at Memphis, dedicated to the god Serapis. 
There was also a temple of the same name at Babylon, where the 
friends of Alexander the Great wished to transport him during his last 
illness (Arrian, ‘ Anab.,’ vii. 56.) The temple of Serapis at Alexandria 
was byjan older one dedicated at is. (Jul. Valer., ‘ Alex. 
Ort.,’ I, xxxi.) All these temples derived their name from the god 
Serapis, who was affirmed by Manetho to be Pluto, or the Jupiter of 
Sinope. (Plutarch, ‘Isid and Osirid,’ xxxvii.) Of the many etymo- 
Ree rpeet for the name of the god, that of St. Clement of 

is now ised to be the correct one, Serapis being 
composed of two words signifying the Osiris, or deceased Apis, from 
the name of Osiris having been gy Pat all mortals after death, 
and to the bull considered as a demigod. Recent discoveries at 
phis have shown that the Serapeum was the cemetery of the Apia, 
and close to the Apeum where the bull dwelt during his life. The 
Apeum was i here after the time of the Psammetichi, where 
it still existed in the dogs of Herodotus (ii. 21). But the Serapeum 
or mort temple of the Apis was founded by S) , the son of 
Rameses IJ., who removed thither the tomb of the sacred bull. This 
temple was discovered by M. Mariette, at the west end of a dromos of 
lying to the north of the ids of Sakkara, It seems to 

have been repaired 


Astarteum, dedicated to Astarte ; 
mes Pew or Temple of Asculapius, in which libations were daily 
; the dwellings of the hierarchy ; and the ents or ital 
of the sick who fi to the temple for the sake of the cure of their 
to be effected through “the dreams 
accorded by the god during their sleep in the sacred edifice. One 
hundred and forty-six papyri di ¢ 
bo pore thro the museums of Europe, relating to the quarrels 
litigations of the functionaries of the temple, have thrown great 
light on its administration. 


by a herdsman while living, and an entaphiastes or embalmer when 
dead. (Peyron, B., ‘ Papiri Greci,’ p. 8.) “His mother also participated 
in his honours, and had a shrine assigned her in the Apeum.  Extra- 
ordinary care and vast sums were expended both by native and Greek 
monarchs in embellishing these shrines ; and if the old capital of 
Memphis was comparatively neglected during the sway of the great 
Theban dynasties, this was amply compensated by the magnificent 
donations of the later Saitie dynasty and the Ptolemies, Apis 
is mentioned on monuments of the 4th dynasty, and his shrine 
must ti been established as early as the building of the oldest 
Pyramids. 

The remains of this edifice were discovered in the plains of Sakkara, 
in 1850 by M. Mariette, then an employé of the Louvre, who had been 
sent to Egypt to collect Coptic manuscripts for the French government, 
where he first found the dromos of sphinxes connecting the temples, 
This excavation was a work of great labour, {he dromos having been 
made through the ancient cemetery of Sakkara, and curved to avoid 
injuring the tombs, and partly buried under a great depth of sand; 
after excavating a length of 7000 feet and uncovering 141 sphinxes, 
he discovered at the end of the avenue a semicircle ornamented with 
statues of the sages, poets, and philosophers of ancient Greece, supposed 
to have formed part of the library of the Serapeum. Between this 
semicircle and the two last sphinxes he found a transverse avenue, 
the right branch of which led to a temple erected to’ Apis by the 
monarch Nectanebes, or Neththerhebi; the left branch, paved with large 
stones, led to the Serapeum itself, The dromos was about 360 feet in 
length, flanked on each side by a low wall, divided on the left side 
about the middle by a small Greek building having before it a nos in 
which was a statue of Apis, probably that described by Strabo, On 
each side of the temple and on the wall, were allegorical figures of boys 
riding on chimeras and animals, and at the end of the dromos were 
the pylons or gateways of the Serapeum. 

The wall, built in the reign of Neththerhebi, was covered with 
sepulchral altars, and 428 small bronze votive figures of deities were 
diseovered in a niche. At this stage, owing to difficulties with the 
Egyptian government, the excavations were stopped in 1851, and not 
resumed till the “pring of 1852. In November of 1851, the first tombs 
of the Apis were discovered, 640 sepulchral tablets, five entrances, and 
various small objects. This great subterraneous cemetery divided 
itself into two , the first of which had its entrance at the south 
end, and went in a northern direction forming a vaulted gallery like 
a tunnel, having at its side about 20 chambers, the oldest of the 
age of Rameses II., and the most recent of that of Psammetichus IL 
During this period the remains of 24 Apis mummies showed that 
this number of generations of cattle had lived and died during 
that chronological period. The other part of the cemetery was a 
souterrain divided into a considerable number of galleries, com- 
menced in the 52nd year of Psammetichus I., and continued till the 
commencement of the Roman Empire. The bull mummies of this 
division were deposited in gigantic monolith sarcophagi of Syenitic 
granite, transported from the quarries above the first cataract. These 
sarco| ranged from 11 to 12 feet high, 14 to 15 feet long, and 
weighed 6500. kilogrammes ; or above 64 tons, 24 of them were found in 
the 40 chambers.of thistunnel. The tablets were not fixed to the inner 
walls but to the lintels of the doors, and were chiefly inscribed in 
demotic characters, and the most important one was placed in the 
midst of the wall which closed the door of the chamber, containing 
the dates of the birth, enthronement, death, and burial of the Apis. 
Only four of these sarcophagi had inscriptions, one bore the date of 
the 2nd year of Khabash, a Persian king, supposed to be later than 
Darius; another that of the reign of Cambyses; a third in that of 
Amasis II.; and the last that of Ptolemy, The result of these researches 
showed that the bull, said to have been stabbed by Cambyses, sur- 
vived till the reign of Darius. Among the mummies of the Apis were 
found two others of men, evidently of the est rank, who had been 
buried with the sacred bulls. The bulls which died from the com- 
mencement of the reign of Amenophis ITI. to the middle of that of 
Rameses II., had a mortuary chapel with four columns erected above 
the tomb, which was a chamber with a flat roof hollowed in the solid 
rock below, and the votive tablets of the adorers of the deceased bull 
were built into the stylobate of the mortuary chapel. The bull was 
treated asa deceased human being, and the sarcophagi were accom- 
panied by sepulchral vases, and the visitors to the tomb deposited the 
usual sepulchral figures offered to the dead ; but at the later period of 
the age of Rameses the tombs consisted of chambers on each side of 
the gallery, with the votive tablets placed in the gallery; and the 
sepulchral figures, deposited in the cases, were strewn along the floor, 
or inserted into niches in the wall. After the 53rd year of Psam- 
metichus II., the chambers became more magnificent, being above 
30 feet high, with vaulted roofs of white limestone, and the walls 
faced with stone from the Tourah quarries; the sarcophagi were of the 
finest red Syenite. At the period of the 30th dynasty the tablets 
were not allowed to be placed inside the tomb, but were restricted to 
the entrance, and the walls of the roads conducting to the tomb, 


) | After the epoch of Darius, the tombs are far less magnificent. The 


Apis of Cambyses is deposited in the vestibule of that which died in 
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The tablets found consisted chiefly of hiero- 
| ere inscriptions intermixed with demotic, commencing with the 
15th year of Darius, and consisted of two classes: the sepulchral, or 
tombstones of the bull, on which was inscribed the date of the death 
of the sacred bull, that of his birth, and of his installation at Memphis, 
and the age which he had reached ; and votive tablets dedicated by 
individuals to the Apis for the usual benefits supposed to be 
accorded by the gods, About 1200 of these tablets were found, and 
they have wn great vs upon the chronological period and suc- 
cession of the monarchs of the 2lst and 22nd di 7 Altogether, 
7000 objects were found, 3000 of which refe: to the worship of 
Apis,a number by no means remarkable when it is considered that 
Ptolemy I. spent about 10,000/. on the funeral of an Apis, The 
ichres .were of bulls which died in the following ae 
nophis III., Amenankhut, Horus, and Khuenaten, of the 18th dynasty ; 
of Sethos L. and Rameses II., three of which happened in the 16th, 
26th, and 30th years of the last-named monarch, of the 19th d $ 
of Rameses IIL, V., VIIL, XIV., of the 20th dynasty; of Osorchon IL, 
Takelothis I., Sheshonk III., IV., of the 22nd dynasty ; of Bocchoris, 
of the 24th dynasty ; of Sabaco and Tirhaka, of the 25th dynasty ; of 
Psammetichus L, I1., and Aahmes, of the 26th ; of Cambyses, 
Darius, and Khabash or Smerdis, of. the 27th dynasty; of Nethther- 
hebi, of the 30th d ty. The tablets su uent to this reign, 
chiefly demotic, consist of votive inscriptions in honour of Apis, and 
they gave the following dates for the appearance of the Apis: B.C. 2538, 
in the 32nd year of Ptolemy Philadelphus; B.c. 231, the 20th year of 
Euergetes; B.c. 210, the 14th year of Ptolemy Philopator ; B.c. 185 
and 165, in the reign of Ptolemy Philometor; 3B.c. 142, the 13th 
of Ptolemy Euergetes IT.; and B.c, 117, in the reign of Ptolemy 
uergetes II. The temple of Aesculapius was also partially uncovered 
by M. Mariette, but tradition had assigned the spot to be the prison of 
Joseph, and the work could not be carried on. 

(Mariette, Aug. Choix de Monuments decouverts pendant le déplace- 
ment du Serapeum de Memphis, 4to, Paris, 1856 3; Memoire sur la mére 
@ Apis, 4to, Paris, 1856; L’Atheneum Francais, 1855, 1856.) 

SERAPHINE, a musical instrument of the keyed kind. It may be 
described as a small organ, in which short, thin, and narrow steel bars, 
or springs, put into vibratory motion by means of a bellows acted on 
by the foot, are used instead of pipes. “It was one of the predecessors 
of the Harmontum, which now takes the place of such instruments as 
are not portable, The portable forms are represented by the Con- 
cerTiva. See also Accorpion. 

SERAPIS. [Szrarevm. 

SERENADE, a word adopted from the French sérénade, which is 
derived from the Italian and Spanish serenata, a term formed from the 
Latin serenus, clear, serene. A serenade’ is properly music ‘ormed 
in the open air on a serene night, but is generally restricted to a 
musical performance given at night by a lover to his mistress under 
her window, The giving of serenades is little practised except by the 
Spanish and Italians, who generally on these occasions use the guitar 
as an accompaniment to their songs. ‘ 

SERIES. The mathematical meaning of the word series is, aset of 
terms, finite or infinite in number, connected together by addition or 
subtraction, and formed upon some distinct law. - If it had been the 
plan of this work to write treatises on the various branches of pure 
mathematics, the Pager article would have been brief, and abounding 
in references to the articles on algebra and the differential calculus, 
the most important results of which are expressed in series; but ina 
work which, without entering into such full details, professes to 
furnish references to the most important detached doctrines of the 
exact sciences, the present article must extend to some length. 

Series may be either finite or infinite in the number of their terms. 
As to finite series, such for instance as ‘x terms of 14+2+8+....,) 
the only question of importance which generally arises with to 
them is, how to express the sum as a function of the indefinite 
number of terms, z, On this point we refer to the articles IntE- 
GRATION, Frstre, and Summation : it is with the doctrine of infinite 
series that the mathematician is more particularly concerned in the 
present article. Again, as to the manner in which the differential 
calculus is a to the development of functions in series, we refer 
to Taytor's Turorem, 

A series of an infinite number of terms may 
rical, as 1+2+3+4+....., in which the symbol +.,., or +, &c., 
means that the series is to be carried on for ever, the law of formation 
of the written terms being continued through all the unwritten ones ; 
or it may contain literal expressions with an obvious law of formation, 
agin 1+2r+32*+.... A series of the latter class is:reduced-to one 
of me seees eo soon a8 any definite value is given to the letters it 
contains, , 


be either purely nume- 


An infinite series may be cither conv: ent or di it, as 
explained in the article Coxvencenr, The vacloun tests’ Y ex. 
— will perhaps serve to settle this point as to the greater number 
of series 


actually employed ; but the following (« Diff. Cale,,’ * Lib. of 
Useful KnowL,’ pp. 236, 326 ; we shall refer to this work in the sequel 


under the letters D. C.) will leave no doubtful 
cation may sometimes be trou 

Let ye 
is the 2th term of l+a+a?+....3; wa of 1+2a43a?+ oe Ry) 


ay. 
doubtful ; and soon, In brief, take the set of quantities 


2 ; 
Py= -2 = P,=log x (P%,—1), P,=log log x (P,—1), 
P,= log log log x (P,—1), &e. &e. ; 


make xinfinite ; then, according as the first of these which differs from 
unity is greater than or less than unity, the series.is con or 
divergent. If it be more convenient to write 1 : $x, instead 


—xYx: yc, Nor need yx be the xth term; 
wiieen > i re a. ei)seatl ’ 
the Spx is here meant the series px + («+1)+ p(27+2)+ 
ee f bak han a number is written beneath s, as in s,, it indicates.the — 
vilue of x in the first term of the series. Thus s,x stands for 
44+5+6+....,S8alog a stands for loga+log(a+1)+.... Some 
such abbreviation is most wanted in an article of reference, in which 
compression is desirable; but the student should write his series at 
more length until he is well accustomed to them. 
A divergent series is, arithmetically speaking, infinite; that is, the 
quantity acquired by summing its terms be made greater than 
any quantity agreed on at the beginning 


it may stand for the 


ma 

of the process, Such is 
evidently the case with 1+2+4+...., or 5.2%. . Nevertheless, as 
every algebraist knows, such series have been frequently used as the 
representatives of finite quantities. It was usual to admit such series 
without hesitation ; but of late years many of the continental mathe- 
tmaticians have declared against divergent series altogether, and have 
asserted instances in which the use of them leads to false results, 
Those of a contrary opinion have replied to the instances, and have _ 
argued from general principles in favour of retaining divergent series. 
Our own opinion is, that instances have arisen from a misunder- 
standing or misuse of the series employed, though sufficient to show 
that divergent series should be very carefully handled; but that, on 
the other hand, no perfectly general and indisputable right to the use 
of these series has been established @ priori, They appear always to 
lead to true results when ty 4 used, but no demonstration has 
been given that they must always do so. 

Before, however, we proceed to reason upon them, we must distinctly 
understand what we mean by an infinite series. Some persons cannot 
imagine an infinite series, except by means of successions of finite 
terms: thus they have no other idea of 14+2+4+8+..., except as 
something of which the conception is a pure result of the successive 
consideration of 1, 1+2,1+2+4,1+2+4+8, &c. If they can get no 
further than this, that is, if at no stage of their contemplation can they 
treat 1+2+4+...as anything more than carried to some enormous 
number of terms, with a right to carry it further ; we can then concede 
to them the right to object, in the manner described, to the use of a 
divergent series, though we think it ible that even in this case an 


answer might be given to the objection. But if there be any who can — 


with us carry their notions further, and treat the series as 
endless, in the same manner as we are obliged to conceive time and 
space to be absolutely endless, looking upon the result not as to its 
arithmetical value, but as to its algebraical form and capability of being 
the object of algebraical operations—we then think that we have those 
with whom the question of divergent series can be argued on something 
more like a basis of demonstration. They may arrive at the final ideaby | 
means of the successions which the first class of thinkers say must end 
somewhere ; but they answer, that this is no more true than that space 
must end somewhere : if it be granted that we are capable of conceiving 
astraight line extended without limit, with equal parts set off thro \ 

its total infinite length, it must equally be granted that we might 
suppose one term of a series written at each and every point of sub- 
division, To this issue the question might be troup namely, the 
alternative of allowing the conception of the infinite or of 
denying that of the infinite straight line. And it must be remarked 
that the considerations by which we limited the use of the word 
IyrrnitE in that article do not apply here, for we are not reasoni 
upon any supposed * attainment of the other end of the straight line, 
but upon ideas derived from a process of successions carried on during 
such attempt as we can make in our thoughts towards that attainment, 
This being premised, let us now consider the series 1+a+a?+a3+.., 


* Indeed it is only a phraseological attainment of infinite magnitude which 
is used in the article cited: when we saythat a=d if = be infinite, we mean 
that @ and d never cease to approach each other so long as the yalue of = 
increases, 


case, though its appli- 
the zth term of a series Y1+Y~2+W3+....(thusat— 


efor 
the «th term of the series, then Pp, must be z¢'x ; ox, instead of — 
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ad infinitum, the last words bei 
without reference to any 


s. If then p=1+aPr, we find p=1:(1—a), a result which is 
: certainly not true in any arithmetical point of view, when a>1; for 
such a case the series is infinite, and the finite expression negative. 
Leaving this, let us assume, for trial if the reader pleases, the equation 
: (l—a)=8,a* ; in this change a into 1 : a, and add, which gives 
: Zk: 
I-a 


- 


—- —_ 


a—-1 


or 1+8, (a* +a-~*)=0,a result which is again perfectly incongruous 
tn an atithmetical point of view. At full length is is - 


1 1 
- 2 — -— 
l+a4+- +@+ a+... =0. 


2+s0*+1+8,0-* 


To test this curious. result, by 


multiply 4+ Ba + ca*+ by it result, pe dons po a wal 

A + wees ' i 

be found to be ) E 
(A+ BHO+...-. )oa= (A+ Ba+....) pa; 


ee eee een Wan om 0, 20d iE no other sup- 


oa= speak, of results in the formation of which 
pa has been used. And it is generally admitted that divergent series 
are found to make sense, in the same manner, of almost every result in 

; and also that when such results 


Paty abd uring the rane, the 
and turning the remainder, not into 
a Thus if ¢2,a 


Sie (e—0) dv 2 1.2.8.,..., 


This will be proved in Taytor’s THEoreM, and it is a resul 
because it gives the means of recoatibe. st the donketal 
series from th i branches of mathematics. 
4 ' 
of form. A series is continuous when for all values of x 
the same function of 7, Thus s,2" or 2° + a! +a7+..., 


is in all cases the development of (1 — )—1, whether it be convergent 
or divergent. Even those who reject divergent series altogether, 
though they would call this series, when x>1, a false or inadmissible 
development of (1 a z)—!, would not, though they reject it, look upon 
it as possible to arise from any other function. But the series 
sin n@ , sin 20 sin 30 
—— or sin @ — 2 ——— 
n 3 : 
is discontinuous ; for certain values of @ it represents one function, 
and for other values another. When @ is any multiple of + [ANGLE] it 
is=0; when @ falls between — 7 and + 7, it is 40; when @ falls 
between w and 32, it is 40 —7, &c.; in fact, it stands for 4@— mm, 
where m is to be so taken that 4@— mm shall fall between — }n ond 
+4n. Again, the series 
ax % 1 x 
% Gas) (ita) ~ @—1)@+)) * G—a) @+)) 


according as a > 1 or <1: and when a = 1, it is infinite. Remember 
that by calling a series infinite we do not merely mean that it is 
divergent, for a divergent series may be the development of a finite 
quantity; thus 1+2+4+....is a development of —1 from the 
form (1—2)—. But we mean that the arithmetical value of the 
function developed is infinite when we say that the series is infinite. 
Discontinuity of form may be in many cases avoided by an extension 
of the modes of algebraical expression. Thus if we write down the 
expression ‘ 


8, (- 1j*t1 


1 { 1 1 } 
@—ile+l” a&e+1 

and consider & as having a very great value, the second term will be 
very small or very near to unity, according asais>lor<1. If we 
introduce the symbol a” as representing «© when a@ > 1, and 0 when 
a < 1, we have, on putting ~ for &, the representation of both forms 
of the preceding series in one. We shall now proceed to point out 
some of the principal modes of transforming series into others, or 
deducing others from them, so far as this is done without interfering 
with the developments in TayLor’s THEOREM. 

1. If gx can be developed into a +a,7+a,0°+ ..., then ab-+a,b,2+ 
a,b,2?-+ ... can be developed _as follows (D. C., p. 239). Let the last 
be ya, and from }, b,, b,, &c. [DirrerENce] form Ab, A, &c.: then 


A%» A% 
ye = box + Ab.cpyu + a Poe + Fg TP" tee. 
where ¢'x, $x, &c., are the successive differential coefficients of px- 


. | If 5, b,, &e. be values of a rational and integral function of n, denoted 
wy bq, the preceding is not an infinite series, but a finite ion. 
e have not room for examples, and it is to be remembered that this 

is an article of reference. i classes of instances are 


bbb | Abe 
b+ ber+-..= Gog + G—a t Gates 


n—1l n—1ln—-2 
3 bx* +n —>— a7 st tee = 


benbuat+n 
se n—1 @ \ 
(1 +2)" {o+navpsgta as (> a) t+ f 
et Fd a 
bbe tbe thoy tenet (b+ Alot AZ +.. 


the ing is a case of more general theorem (D. C., p, 565) from ~ 
Sain te iellwing may sleo be dettced -— - 


See ee ee oe 
b+b,e +++» =Ty me + (1 + mz)? + + mz tees 
vb = b, + mb, V7=b, + 2mb, + mb, &e. By this theorem many 
divergent series may be converted into convergent ones, or the con- 
vergency of convergent series may be i 
aw sin 9 


2. Letr = / (1—2 cos 0.a + 2°), tan > = [— Food 


Then b + b, cos 0.2 + 0, cos 20. 27 + b, cos 80.23 +... 
A%, 2? 


b 
cos 2+ cos (0 + 29) “> + cos (20 + 39) 


and b, sin @ x +b, sin 20.27 + b, sin 80.03 +... 
AAS & & A*. 2? 

sing = + sin (0 + 2¢) —a— + sin (20 + 89) 7 oe 
8. Let px be a rational and integral function of z; then 


1 
gut o(atl).at+o(@t2).@+...= 7 
“ ate gfe He 
doa ** +aep 2 + G@—aiazst 
a, =a-+ 4a? + a8, a, = a + 11a? + 11a? + at 
A, = @ + 26a? + 66a + 26at + a’, ke. 
A, = @ + 57a? + 802 (a? + at) + 57a" + a 


+. 


pe + 
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This must lead to a finite expression for the series, and is frequently 
the shortest way of i it, 
4. Let s<e'¥—! moos 0+ —1. sin @ and gr=ataetas?+.... 


i { os) + o(2)}=a+0, 008 0. +65... 


Wo { o(<2)—9(=) } =0, sine.e+. cee 


the series resembling those in (2). Further varieties will appear in 
Tay.or's THEOREM. 

5. Lf 9(0)+9(1), 2 4+¢(2).2°+.... be the development of a per- 
fectly continuous function of #, and if gn be a function which never 
becomes infinite for any real value of n, positive or negative; then the 
same function may be also developed into —¢(—1).a~!—¢(—2).2- 
Sopa (D.C., p. 560). 

If pr=a,+a,r+age+....and if p,, py +.» pa be the n nth 
Roors of unity, then (D, C., p. 319) 
s (p,2) + +++ +O(pa®) 
yh Oigt® +02" + 0. 


pi" 1 (py) + » 2» + pn* 1 H(p* 2) 
. ~ 

p: 82. p(pr) +... +Pn*2O(par) 
n 


O24 On4 t+... = 


O27 + yet +. <= 


and soon, Also if we make p,, p,, &c., the nth roots of —1, and use 
the same results, only altering the multi into p,2*—, &., p,2"-?, 
&c., we have the sums of the same series with the terms alternately 
positive and negative. : 

7. One of the simplest modes of actually finding a finite expression 
for a series, finite or infinite, the coefficients of which are values of a 
rational and integral function, is the continual multiplication by 1—x, 
which must at last produce a finite expression. It must be remem- 
bered that multiplication by 1—2 may be performed letting the 
first coefficient remain, and diminishing every other cient by its 
predecessor, Thus a+bx+cc+ex+.,.. multiplied by 1—« gives 
a+ (b—a) x+(c—b) a+ (e—c) z+, And a finite series must be sup- 
posed to be continued ad injinitum with vanishing coefficients, For 
example, it is required to find a finite expression for 1 + 2%r + 35a? +...; 
write this as in the first line, and make successive multiplications by 
1—., asin the following lines :— 


1482 + 272° +6405 +126204+.,. 
147241922 + 8725+ Glat+.. 
1460+ 1207418034 Q4at+.... 
1+5c+ 627+ 6254+ G6xt+..., 
l+4e4+ w+ Ox8+ O7t+.... 


After four multiplications, then, by 1—2, the series becomes 1+ 4x 
~ +22; whence its value is— 
1442422 


Independently of the modes of deriving series obtained from 
Taylor's Theorem, and of which we are to speak elsewltere, there are 
two modes of forming them which deserve attention. The first 
depends upon the numbers called the differences of nothing [NorTHINa, 
Dirrerences OF}; the second on those called Numbers oF BERNOULLI. 

By the first-of these any function of « can be expanded in powers 
of x, 


fe =fl+f(l+A)0.e+f(l+ AO. Eta 


Here f (1 +’ 4) 0" is a symbol of the calculus of operations [Orr- 
nation |, which expanded is— 

1.0" ‘1, AO ey ee 

f1.0% + f'1. A07+....4+ fi et ae 


it being unnecessary 
greater than n. (D, C,, 307.) 

The numbers of Bernoulli occur first in the development of 
(e — 1)—, a series the im of which can only be estimated by 
its use in Summation. ‘Taking the numbers from the article cited 


above, or 
1 1 1 1 
B= G > = 3 » 2 By? B= Bor ke. 
1 1 1 32 a 
= Fs hol tee? Ser heh +: 
1 _1 “332 15a 68B 24 
wei 9 8 + 4) > ieee 


where [n] means 1.2.3....n—1.m. 

ee ae, mene st sales while: ree ee 
frequent use, which may sometimes be sought in a work of refer- 
ence. Under iar lat areliagnal we oon never suppose that any of 


to go further, because A"0" = 0 whenever m is | * 


ery | Latin “ serviens.” The word serjeanty, 


the following developments would come ; (1 +2)", ¢*, a", log (142), 
log +=, sin a, or cos «, Bome terms are given, and eS | 
omitted to save room. 


ach Vit | 62x? 138228 
tanz=2+ 3 + Ts + Sig * B85 + To50s 
1 «££ @ & 2x9” ‘ 
cous > - 3 ~ 15 — 015 — 7795 — debe 
e ‘  6le® 9778 
seeor=1+ > + oy + Fa0 + Boer 
le Te | SA Ria 
coscom= > + § + 360 + Thiago + 604800 
le 1.828 1.8.6 29 : 
sin“e*=z+ oS + og 6 + 9.4.67 
x ‘Ort a 
tant a*=a2— > + eo 7 
oO ey | ee ee we \'s ae 
168 inz = 6 * 180 + 3835 + 37800 * 467775 
eR Oe ae 
06 Sez = B+ 13 + 25 + 2520 + THT 
leg OEE STE Oe ee * 
= = 3 + 90 + 3835 + 3700 * 467775 
These logari gre! the Napieien Sogetiian, t6 5 eee Eee i 
in analysis, unless the contrary be expressed (as it is usual to say, but — 
it really never happens) : " 
1 1 1 2 @ es Bt 8682 — 


log Q+2) ~ 2 + 2 12+ 2 ~ 720 + T60 ~ 60480" 


There is one pro 
(D. C., pp. 226 and 649) 
between which ha’ 


convergent, 
the first of the terms 


value. That is, if a,, 


series A,—A,+4A,—...- be carried as far as A,, the error is less 
An+1, Whatever law of the terms may be, or however 


they may afterwards increase, Let us take, for instance, 
1 2 2.8 2.3.4 2.8.4.5 
=a 2 = x at ashy } 


List be ever'o great 
make this series ultimately divergent. UN 


above theorem, a approximation be made to 
value of the function from which the series was derived. Let «=100, 
whence the series heed 4 


1 — 02 + 0006 — 000024 + -00000120 —.... 


After the hundredth term the terms will begin to increase, and more. 
and more rapidly ; but the theorem enables us, when z= 100, to make — 
the foll , not much as 


rks 


the next term; and 

si 

term is now applied without going back to their common 
The term serviens and servicium appear to have 


for the lands held by such service. Rent paid by a. 
fend ie well dintinguisted jy SS eae meter oe Lee from — 
other annual payments charged upon land, &c. The word “ oe 
comes to us from “ sergent, 


cy 


* In these series the angle is less than a right angle, positive or negative. 
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formed from “ tt,’ but was always used with reference to a 
species of service. 

The complete development of the feudal system which followed the 
Norman conquest, was greatly facilitated by those political struggles 
which terminated in | reece large portions of the lands of the kingdom 
in succession at the di position of the crown. The forfeited lands of 
the revolted English were granted by the Conqueror to his followers 
with few ons, subject to the performance of personal services 
regulated by the quantity of the land granted and the rank and 
‘qualification of the grantee. The services ordinarily reserved upon 
grants the crown, and upon those made by inferior tors to 
their mili followers, were of a military character. Where the 

was to hold by the service of a knight’s fee, or of two, or half a 
ht’s fee, &c., without ing the nature of the service to be 
ormed, the was said to hold by knight's service, per servicium 

tilitare [KNicut's Service]; but where some particular service was 
to be ed by the tenant, or by some duly qualified person pro- 
vided by him,—as, to be an earl or baron of the realm, to lead the 
king's host, to assist in the defence of a certain castle, to wind a horn 
upon an invasion, &c.—the tenure was called tenure by serjeanty (per 
serjeantiam), and the grantee became a tenant by serjeanty, and would 
be a serjeant (serviens). Whilst the two tenures were always dis- 


be Say by the two appellations of “serjeantia” and “ servicium 
ilitare,” the term “ se: ” or “ serjeant” was a) plicable to a tenant 
belonging to either class who had not taken upon lf the order of 


. the tenant by serjeanty was commonly distinguished by some 
title derived from the nature of his service—as earl, baron, constable, 
marshal, treasurer, &c.—the name “ serjeant” was usually applied, not 
to those who held in serjeanty, but to those who held per servicium 
militare ly, and had not been knighted. Thus in 1348 the 
four knights impanneled ona grand assize were told by the judge that 
they should elect no i whilst they could find suitable knights 
(M. 22 Edw. IIT, fo. 18); and in 1352 the four knights, not being 
able to elect twelve other knights, were allowed, by the assent of 
parties, to elect of the most wealthy serjeants (H. 26 Edw. IIL, fo. 57, 

12). (These two cases have been misun by 
Fi and others, as if they related to an exemption of serjeants-at- 

Ww 


from the burthen of serving grand assize.) So 
: ri the reign of Edward th. (1362), 


its and of serjeants of the most value. 
The term serjeant is also a) to those inferior military tenants, in 
the grant of a subsidy in 1379, in which serjeants and franklins of the 
county are assessed at 6s. 8d., or 3s. 4d., according to their estate, 
whilst serjeants at law are assessed at a fixed sum of 40s., being twice 
the amount of the assessment of barons of the realm. (3 ‘ Rot. Parl.,’ 58.) 
The serjeant holding servicium militare, if possessed of sufficient 

land, was however bo: 
attendant u 


applied to the unknigh: ted tenant by knight’s service, disappears, and 
is succeeded by the ‘ esquire,” a term previously used not to designate 
a class of persons occupying a certain rank, but an office actually per- 
formed. (‘ Abb. Rot, Origin.,’ j 


dignity of the 
king’s person, accounted a grand or chivalerian serjeanty. Thus, in the 
Germanic body, the offices of jab ciudeelion, so cary arch- 
butler, &c., of the empire, attached to particular 


f -artan in England, the civil office of lord treasurer, &c., the 
office of lord high constable, &c., and the mixed office of lord 
high steward, &c., and that of earl or baron by tenure, are, or were, all 
grand serjeanty. 
held by serjeanty, on account of the entire nature of the 
not lawtally be aliened or divided. This, however, was 
by a species of connivance frequently done in fact. The course was 
for the crown to issue a commission to fix a rent upon the alienated 
serjeanty, or the divided portions, By this process, tenancies in 


| 


ees, gradually became nearly extinct before the abolition of 
tary tenures. Sometimes, upon the escheat or forfeiture of a 
serjeanty, the lands were granted by the crown, to hold by knight’s 
service, whereby the special service of the serjeanty was lost. 

Where the services reserved upon the tenure bore some relation to 
war, but were required neither to be executed personally by the tenant 
or his deputy, nor to be petforméd to the person of the king, as the 
payment of rent in spurs, arrows, &c., the tenant was said to hold by 
petit or petty serjeanty, which was a socage tenure, having the same 
non-military incidents as a tenure upon which an annual rent in money, 
corn, &c., was reserved, though considered to be of a somewhat more 
dignified character. 

e tenant in séerjeanty was bound either to perform the special 
service himself, or to provide a person competent to discharge it, 
Sometimes, the land having descended to or been acquired by a citizen 
or a burgess, the service was considered of too great dignity to be per- 
formed by the tenant upon whom the duty of the serjeanty had thus 
devolved, in which case he was required to appoint a competent sub- 
stitute, It happened more frequently, however, that the service to be 
performed was below the serjeant’s ik: in which case it was permitted 
and expected that the service should be performed by deputy. This 
became so much a matter of course, that we find lands held in serjeanty * 
commonly described as held by the service of procuring (per servicium . 
inveniendi) persons to do the duty. This frequently happened with 
regard to the inferior offices relating to the administration of the law, 
as in the ordinary case of a tenure by the service of finding bailiffs 
itinerant. With respect to this particular appointment and some few 
others, the name itself was transferred from the appointer to the - 
appointee, and the designation of serjeant was given to the person by 
whom the service of the serjeanty was actually performed, Hence our 
serjeants-at-mace, and other similar officers in Normandy and in 
England. In like manner, the sheriff being the ballivus of the county, 
—that is, the person into whose custody or bailiwick the county is 
bailed or delivered,—the inferior officers whom he employs have 
acquired the name of bailiffs. However humble the nature of the 
service may have been, the tenant was bound to perform it in person, 
in case no substitute could be obtained, 

Among the civil services the performance of which was provided for 
by the creation of serjeanties, one of the most important was the 
administration of justice. Both in Normandy and in England nume- 
rous grants of lands were made, to which grants the obligation to dis- 
charge certain judicial or ministerial duties was annexed in lieu of the 
ordinary knight’s service. In both countries it would appear that all 
counties, as well as the more important cities and boroughs, were 
placed under an officer of the crown who held lands by the tenure of 
administering justice in criminal matters. This tg judge was in 
England called the king’s serjeant (serviens regis), or the serjeant of 
the county, city, or borough ; sometimes (stat. Westm. I., c. 30) 
serjeant in fee ; sometimes capitalis serviens of the county (‘ Rot. Parl.,’ 
236) or of the hundred (‘ Testa de Nevil,’ 409 d). 

Lands held by this tenure are commonly described in ancient records 
as lands held per serjeantiam tenendi (sometimes custodiendi) placita 
coron#. It appears from Bracton, fol. 157,’ that this officer (the king’s 
serjeant) had a concurrent jurisdiction with the sheriff, and that their 
records were equally incapable of being controverted. These serjeants 
had officers under them, who, ing the denomination of serjeant 
from the hereditary officer whose authority was in part delegated to 
them, were in counties known by the name of serjeants of the sword, 

de I’ , Servientes ad spatam, and in cities and boroughs 
by the name of serjeants-at-mace, servientes ad clavam. In the course 
of time, as charters were obtained, the citizens and burgesses acquired 
the right of choosing their own magistrates ; and the king's officer, the 
serjeant, was superseded by the municipal officers, the mayor and 
aldermen. It is said that Norwich had no magistrate, except the 
King’s. serjeant, until the 17th year of King Stephen. (Stow, 214; 
Spelman, ‘Gloss.’) It sometimes, happened that, after the incorpo- 
ration of the city or town; the serjeant continued to be the judicial 
officer de facto, sitting as assessor to the municipal magistrates. This 
was the case at Oxford. (‘Harleian MSS., 298, fol. 56.) In London 
the office appears to have been retained, but a charter of 12 Edw. IL 
gave to the citizens the privilege of electing their common serjeant. 

In counties, the king’s serjeant, as a judicial officer, may be traced 
to a much later period; and although the office is now become obso- 
lete, and its principal functions have for centuries devolved upon the 
justices of the e, proclamation is still made upon the execution of 
every commission of jail delivery, inviting all persons to inform this 
officer of any treason, felonies, or misdemeanors committed by the 
prisoner at the bar, : en 

Where the criminal jurisdiction of a particular district was annexed 
toa t of land to a subject, the jurisdiction, though imposed as a 
condition and a burden, was called a franchise [FRrancuisr], inasmuch 
as it excluded the ordinary power of the officers of the crown. The 
grantee was said to hold in frank serjeanty, en franche sergenterie ; 
and in respect of the lands attached to the office, this serjeanty was in 
Normandy sometimes called une sergenterie glébée, For the actual 
administration of justice, the tenant usually delegated his judicial 
authority as serjeant to an officer of his own, who was therefore called 
his serjeant, or the serjeant of the district (Mad, ‘ Exch., 1035 ‘Testa 
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de Nevil,’ 389), or serjeant of the peace for the district. (Cowell, 
*TInterpr.’) Hence, the steward of a private leet, or of a manor to 
which a leet is attached, to whom the lord always delegates his judicial 
power, is sometimes designated as serviens sive senescallus, (4 Co., 
*Rep.,’ 21.) Latterly, indeed, it has been considered that a tenure by 
verjeanty could only be created by, and held under, the crown. (Co. 
Litt, 108 a.) This was not the case, however, in the time of Henry IIL, 
as a by port - 

The tenure, by wi were held by a “ serjeant of the county,” 
or “ serjeant in fee,” was a serjeanty belonging to that class which was 
called grand serjeanty, as being connected with the administration of 
justice. Edmund, earl of Lancaster, brother of Edward L., died seised 
* de magna sergeantia totius comitatus de Derby.” (‘Calend. Inquis. 
post. mortem,’ 136, b.) : 

But the serjeants of counties were neither the only nor the most 
numerous class of serjeants-at-law. The main branch of that body 

in attendance upon the ‘o tani et 4 ode pry. 
the proceedi of the Aula Regia, the great court of justice of the 
realm, as vealed to the chief justiciar, and as advocates for the 
suitors, who being generally unacquainted with the in which 
the i of the court were carried on, were seldom able, and 
were never itted, to plead their own causes. (1 ‘ Rot, Parl.,’ 4 a; 
2‘ Rot. Parl.” 140.) Upon the breaking-up of the Aula Regia into the 
several courts which now occupy Westminster Hall, the serjeants-at- 
law became the justices of the courts of King’s Bench and Common 
Pleas, and acted as advocates for the suitors, when not appointed to 
those offices, and when removed from them, While not employed in 
judicial stations, they were called serjeant-countors, servientes-narra- 
tores, and banci narratores, countor (narrator) being a term derived 
from the Norman “ conteurs,” persons whose office it was to conduct 
the causes of litigants in court, the verb “conter” being applied 
indifferently to the pleadings on the part of the plaintiff and those on 
the part of the defendant. 

It does not distinctly appear whether any grants of land were 
annexed to the office of serjeant-countor ; if not, it is probable that the 
Conqueror, or some of his early successors, considered the fees 
receivable by the serjeant-justices and the serjeant-countors as 
equivalent to a grant of lands, and as constituting a serjeanty not 
attached toa tenure of land, or a serjeanty in gross. However this 
may be, the kings exercised the right of creating both serjeant-justices 

serjeant-countors. The Ds penny of serjeant-countor has, from 
the earliest period, been effe by the royal mandate under the great 
seal; by writ, where the party to whom it was addressed was required 
to serve the king and his people in the Aula Regis, and afterwards in 
the courts of Westminster Hall; by letters-patent, with respect to 
_ serjeants in Ireland. Under this appointment, the serjeants were the 
sole public pleaders. They were the only persons in the state entrusted 
with the exercise of the ordinary judicial functions, and even now no 
person can be appointed a justice of the Queen’s Bench or Common 
Pleas, who is not of the degree of the coif, that expression being 
derived from the peculiar species of cap which was, and still is, the 
distinguishing dress of serjeants-at-law. The barons of the Exchequer 
who were formerly merely officers of revenue, are not required to be 
taken from amongst the serjeants; but unless they were of the degree 
of the coif, they were not qualified to act as justices of assize. 
Although the serjeants on the circuit, and the queen's counsel, and 
occasionally other barristers, are included in the commissions of oyer 
and terminer, and jail delivery, and assist in the trying of prisoners 
when the judges are pressed for time, or if it is thought desirable to 
relieve the county from the expense arising from the detention of 
tors and witnesses, the name of no person who is not a 
serjeant or queen's counsel, or possesses a patent of precedence, can be 
inserted in the commission of assize. Formerly no one but a serjeant 
was so qualified. (13 Edw. I. st. i.,c 30; 13 & 14 Vict. c. 25.) 

Much obscurity however still hangs over the origin of the con- 
nection between the termsserjeant and countor. It has been su 
that upon the introduction of the Norman conteurs in England, they 
were formed into a lay brotherhood, somewhat analogous in form to 
the religions communities by which they were surrounded; that the 
members of this brotherhood were admitted by royal authority, and 
employed in different capacities as judges and advocates about the 
Aula Regia; and that they probably derived their adjunct title of 
servientes from the nature of their employment, and from the circum- 
stance of their appointment being conferred by the crown, and of its 
being considered that the services which they rendered were of equal 
dignity and importance with services reserved upon those tenures by 
grand serjeanty to which administration of —— was attached, and 
the tenants of which were in strict propriety denominated serjeants. 

Upon the calling of every parliament, the j and serjeants are 
summoned by writ to give their attendance, eir principal duty 
ap to have been to assist the lords in the trials of petitions. 
( hot Parl.’ passim.) The writ of summons issues to the judges, not 
as judges, but os serjeants; and if a baron of the Exchequer be not a 
serjeant, as was formerly often, and still may be, the case, he is not 
summoned. No sérjeants have been required to attend of late years, 
except judges and queen's serjeants, but formerly other serjeants were 
also summoned. 

Whilst the Aula Regis constituted one court, a second class of 


advocates was little needed; and upon that court being afterwards 
divided into different sections or branches, no inconvenience ap 

have been felt, as all the different sections of the court equally wed 
the of the king. But when, in the reign of “Haward L, the 
regulation for holding common pleas, that is, all civil actions, in some 
certain place to be appointed by the crown, was put in force, parties 
who had business in the court of King’s Bench, the jurisdiction of 
which, except occasionally as a court of appeal, was then almost con- 
fined to criminal matters, or in the court of Exchequer, the jurisdiction 
of which related to matters of revenue, or in, the court of Chancery, 
were put to inconvenience for want of advocates, as often as the king, 
whose progresses these courts still followed, happened to be distant 
from the place (usually Westminster Hall, and seldom elsewhere, 
after the reign of Edward IIL.) at which the court of Common Pleas 
sat. To remedy this inconvenience, and at the same time to relieve 
parties from the burdensome duty of appearing in person in the 
court of Common Pleas, an ordinance was made in Parliament, in 1292, 
by Edward I, by which the king directed the selection of a number 
(fixed provisionally at 140) from the higher class of legal students to 
act both as attorneys in the stationary court of Common Pleas, and as 
advocates in the comparatively few cases which then required their 
assistance in the ambulatory courts of the King’s Bench, Chancery, and 
Exchequer. No distinction is made in the ordinance between attor- 
neys and apprentices, and the 140 appear to have acted indiscriminately 
(2 * Rot. Parl.’, 96) as attorneys and as advocates, as their services 
happened to be required. Complaints were however still made in 
Parliamente(1864-5) of the prejudice arising to parties implicated in 
proceedings in the two latter courts, from being unable to procure the 
assistance of serjeants; and it was prayed, though unsuccessfully, that 
on this ground these courts might also be made stationary, 

A petition of the Commons in 1343, that parties to suits inthe Marshal- 
sea might be allowed to oe! their own causes in that court, in order 
that they might not be delayed for want of serjeants, had met with a 
more favourable reception, and the permission was granted by an act 
of parliament (2 ‘ Rot. Parl.,’ 140), which act was not in print till the 
posta rolls were published at the commencement of the present 


to 

interfere as advocate without possessing a legal title to the office, 
(‘ Abb. Placit. in Dom. Cap. Westm.,’ 137.) 

It is stated in the article Barrister, that serjeants and apprentices 
at law were supposed by ge age to be the same persons. 
relies upon the circumstance that in the second year of Henry VL. an 
apprentice was heard in the court of Common Pleas, where serjeants 

one practised. But Dugdale was mistaken in supposing that the 
apprentice acted as an advocate in that court; for upon reference to 
the ‘ Year-Book’ (M. 2 H. 6, fol. 5, pl. 3), it will be seen that this 
apprentice was merely sent by the Exchequer into the Common Pleas 
to ask the ties of the judges and serjeants in the latter court upon 
a point of law then depending in the Exchequer; upon which the 
judges of the Common Pleas consulted the serjeants, and the point was 
debated by judges and serjeants indiscriminately. The apprentice 
took no part in the discussion, but carried back the result to the 
Exchequer, upon which that court acted. It has also been su 
that Plowden and Carrel, who are spoken of as apprentices in 4 Eliz., 
(1562), were at that time serjeants. With respect to the former, the 
mistake arose from the circumstance that a writ issued to Plowden 
and eleven others, in October, 1558, calling upon them to be made 
serjeants in Easter following. Mary dying in November, 1558, the 
writs abated. In 1559 fresh writs were issued by Elizabeth to seven 


century. It was a punishable contempt of the court for a 


of the eleven, but the names of Plowden and four others, as be 
seen in Dugdale, were omitted. Plowden therefore i an 
apprentice as before, and he is 


roperly so designated in 4 Eliz. (156: 
ith respect to Carrel ali, eo een no distinct proof that he pa 3 
the degree of serjeant, though it seems not improbable that he was 
often commanded so to do. John Carrel received a writ requiring him 
to take the degree of a serjeant in 1540, and again in 1552 and 1554. 
In what manner he was excused on these occasions, and whether he 
paid more attention to Mary’s commands than he had done to those of 
her father and brother, or whether indeed the Carrel apprentice in 
1562 was the same person with John Carrel, the serjeant thrice elect, 
does not i 1m a 
The ordinance of Edward I, authorised only students who had 
reached the rank of “ apprentices at law” to practise as advocates in 
those courts in which the assistance of serjeants could not constantly 
be bore i as the ‘ye hed os Pid increased, it was found 
necessary, e reign of Eli , to allow persons of less standing 
than apprentices to act both as advocates and as attorneys. ; 
Students who, though not yet apprentices at law, had been admitted 
to argue fictitious cases at the mootings in their tive inns of 
court, were allowed to practise as advocates in the am ry courts 
of common law and equity. Advocates of this third class were called 
utter-barristers, because in arguing their moot cases by way of pre- 
paration for real forensic debates they were placed at the outer or 
uttermost end of the form on which they sat, and which was called the 
“barr.” (Stow; Waterhous; Dugdale; Herbert, ‘Antiq. Inns of 
Court,’ 176.) The junior students, who sat in silence on the inside, 
were called inner-barristers. But the latter term has long been 
abandoned, and is sunk in the more general designation of student; in 
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of which the term utter-barrister has also given place to 
that aibiistader, and the student who is admitted to degree is 
said to be “called to the bar.” This call however consists merely 
in the presiding bencher’s saying, “I publish you a barrister of this 


ing and practice, , f ; 

ly after the permission given to barristers to practice as advo- 
cates, we lose sight of the order of apprentices. Though usual, it was 
never perhaps absolutely that a student should become an 
aj ice in order to qualify him for being called to the degree of the 
coif; and when it ceased to be required as a title to practise as an 
advocate, there was no longer any motive for taking the degree of an 


Te soatih of Ghebe inquicies sesces to.be; Shek feore the Oossquest to 
the 20 Edw. I. (1292), serjeant-countors were the only advocates; that 
from 1292 to the latter end of the 16th century, apprentices were 
allowed to practise in certain courts; that towards the close of the 
16th century, the apprentices were supplanted by a more numerous 
class of junior students called utter-barristers and afterwards barristers ; 
from the middle of the 18th century, mere students were at 
after their admission, and immediately upon their admission, 


special 
pleaders; and that such special pleaders have latterly been allowed to 
practise as advocates before judges when administering justice in their 
“cs ogee ts which latter C= may be thus explained :—The 


certain judicial acts shall be done by the 
any judge thereof.” The consequence of these provisions, 
and of a practice existing before, of referring minor questions and cases 
of a pressing nature to be disposed of by a single j , has been that 
a most important part of the judicial business of the country, instead 
being discussed as formerly in open court before a full bench, and 
the assistance or in the presence of an intelligent bar, is commonly 
by a single judge in a private room, without any assistance 
can derive from the attorney's clerks on each 
attend the summons. sire prereset ed pee, 
i ing, involving fate, and some- 
real merits of the cause, and which in the reign of Edward VI. 
learned serjeants and sad apprentices at 
publicly on the bench, is disposed of 
at chambers by a judge who has 
branch of the law, and who would when at the 
from the responsibility of ex; an opinion on 
uestion connected with science of i 
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to prevent the abuse of the indiscriminate invitation given by 
persons, though students only of a day’s standing, 
an inn of court, to take out li to practise as 
the benchers or governi 
ow require that upon the i oe Og eran 
to practise as. a special pleader, &c., ti of 
be called to the bar. 

The serjeants remained however, till 9 & 10 Vict. c. 54, the only 
(nha Grapeien pe plan sad igdle peepee In that court 
they retained their right of exclusive audience, which privilege extended 
to trials at bar, but not to trials at nisi prius, either at the assizes or at 

i in London and Middlesex. 
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the plan, which was 
nearly century before effect was given to the enlightened views of 
Sir Matthew and Sir John Willes. 

In 1834, while the Central Criminal Court bill was in the House of 


the court of Common Pleas. 
ill was sent to the Commons. 


warrant 
aa were not ‘8 ser} 
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might be thereafter appointed. This warrant was filed in the court of 
Common Pleas on 25th April, from which time until January, 1840, it 
was acted upon by the court. During this period no persons applied 
for the coif, except those who had received an intimation that they 
were to be made judges. 

In 1837, a petition was addressed to her majesty by the queen's 
serjeants and two other serjeants who had not availed themselves of 
the clause si gems ap of — warrant of April 24, 1834, 
suggesting e warrant was i , and praying that the | i 
of that document and the expediency of the alteration might bagerech 
investigated. The illegality of the warrant was asserted chiefly upon 
the prescriptive rights of the serjeants, coeval with the existence of 
the courts themselves; but also on some merely technical grounds. 
A memorial was at the same time presented to the chancellor, in which 
it was submitted that such an alteration could only be made by act of 


t. 

The petition being referred to the privy council, the question was 
argued on 10th January, 1839, and again on 2nd February, A strong 
opinion was expressed as to the illegality of the warrant, but the court 
separated without coming to any conclusion. 

In November, 1839, a motion was made in the Common Pleas by 
Wilde, as the senior practising serjeant, that the exclusive right of 
audience of the serjeants-at-law, which had been suspended in obedience 
to the warrant of 1834, should be restored; and at the close of Hilary 
term, 1840, the right of being heard as counsel and of signing pleadings 
in causes depending in the Common Pleas, was declared by the court 
to belong exclusively to the serjeants-at-law. The legislature then took 
up the question seriously, the monopoly of the serjeants was 
abolished by 9 & 10 Vict. c. 54. 

Serjeants had formerly not only exclusive audience in the Common 
Pleas, but had also in all other courts pre-audience over all other 
advocates. They are still addressed by the judges as brothers, by 
which title they speak to and of one another. 

Though the king was represented in each of his courts at West- 
minster by one or more persons as his attorney and solicitor-general in 
one or all of those courts, no one formerly pleaded as cownsel for the 
crown except serjeants. In the patent of a king’s serjeant, he was 
——— by the king “Serviens Noster ad legem, et Narrator pro 

obis in curiis Nostris, in quibuscunque negotiis Nos tangentibus.” 
Afterwards when the king's attorney, as it usually happened, was an 
apprentice, he was allowed not only to appear as attorney, but to plead 
as advocate for the crown in those courts in which apprentices were 

itted to practise, and when so employed he claimed and exercised, 
for e benefit of the crown, a right of pre-audience over serjeants 
pleading for ordinary clients in those courts. Afterwards the attorney- 
general exercised a right of pre-audience even when not engaged for 
the crown. 

Other king’s counsel appear to have obtained pre-audience over the 

jeants by a similar course of proceeding ; but the queen's serjeants 

retain pre-audience over all other counsel except the attorney- 

and solicitor-general; and even over the attorney-general, 

the senior of the king's serjeants, distinguished by the appellation 

of “the king’s ancient serjeant,” retained his precedence until 1814, 

when Sir Samuel Shepherd, the king’s ancient serjeant, being 

appointed solicitor-general, instead of vacating his office of serjeant, as 

had always before been done in such cases, obtained a warrant from the 

Prince-Regent giving to the attorney-general and solicitor-general per- 

of the whole bar. In the reigns of Mary, Elizabeth, 

and James I., several persons were degraded, or discharged, from the 

of serjeant-at-law in order to capacitate them for accepting the 

office of solicitor-general, as it is not unusual now for barristers to 

apply to be disbarred for the purpose of enabling them to practise as 
Re or attorneys to private suitors. 

The pre-audience acquired, in comparatively modern times, by the 
attorney-general and solicitor-general and the other king’s counsel over 
the serjeants in the courts of Westminster Hall, has not otherwise 
affected the rank or position of the latter. At the coronation of Queen 
Elizabeth it to have been finally settled that in the royal pro- 
cession (in which those of inferior rank walk first) “the attorney and 
solicitor-general walk immediately before the barons of the Exchequer, 


’| and immediately after the serjeants-at-law, who follow the knights- 


bannerets, bachelor-knights, masters of the chancery, clerks of the 
court, &c.” (Egerton ‘ Papers,’ 60.) ; : : 

The serjeants formerly occupied three inns, or collegiate buildings, 
for , and for occasional residence, situate in Chancery Lane, 
Fleet Street, and Holborn. The last, called Scroop’s Inn, has long been 
abandoned, and since the burning down of Serjeants’ Inn, Fleet Street, 
in the middle of the last century, that site has also been deserted 


the serjeants, who have now no other building than Serjeants’ Inn, 
e. Here all the common-law judges have chambers, in 
which they dispose in a summary way, and with closed doors, of such 


matters as the legislature has expressly entrusted to a single judge, 
and of all business which is not thought of sufficient magnitude to 
be brought before more than one judge, or which is supposed to 
be of a nature too urgent to admit of jponement. 

The inn contains, besides accommodations for the judges, chambers 
for fourteen Serjeants, the junior serjeants while waiting for a vacancy 
being dispersed in the different inns of courts, . 

HH 
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In Serjeants’ Inn Hall the judges and serjeants, as members of the 
Society of Serjeants’ Inn, dine together during term-time. 

Formerly very splendid and expensive entertainments were given by 
the new serjeants upon their reception into the order. About a century 
ago this custom was discontinued, and instead of festivities at their 
joint expense, each serjeant paid 100/, to the Treasurer of the Society 
of Serjeants’ Inn upon his admission as a member of that Society, 
into which the new serjeants are elected almost as a matter of course, 
The payment is now raised to 350/, The practice of giving gold rings 
to the queen and the great officers of state and others continues, 
though the number has been lately reduced. These rings, with the 
robes and other expenses, raise the 350/. to something less than 
5004. The peculiar dress of the serjeants-at-law, besides their dis- 
tinctive coif, consists in four species of robes. In term time the gown 
of black cloth is worn on ordinary occasions. On holidays the serjeants 
appear in court in purple (violet coloured) gowns. en they go in 
state to St. Paul's, they wear scarlet gowns, as also when they attend 
the House of Lords, if the sovereign be present, and when they dine at 
Guildhall on lord mayor's day. At nisi prius they appear in black 
silk gowns, which, as being at hand, they generally wear when called 
upon to try causes or prisoners on the circuit, though for the latter 
P the scarlet gown, always accompanied with a sentence cap, is 
understood to be the appropriate costume. 

The creation of serjeants was anciently attended with numerous 
ceremonies, a description of which om be seen in the last chapter of 
Herbert's * History of Inns of Court.’ Some practices belonging to an 
age of greater simplicity than the present, are still retained in those 
cases where the writ to the serjeant elect issues in term-time. But 
by 6 Geo. IV., cap. 95, persons receiving writs, issued in vacation, 
commanding them to appear in the Court of Chancery and to take 
upon themselves the estate and dignity of a serjeant-at-law, are, upon 
appearing before the lord chancellor and taking the oaths usually 
administered to persons called to that degree and office, declared to be 
serjeants-at-law sworn, without any further ceremony. 

Another class of serjeanta is that of serjeants-at-arms, whose number 
is limited, by statute 13 Rich. IL, cap. 6, to thirty. Their office is to 
attend the person of the king, to arrest offenders, and to attend the 
lord high steward when sitting in judgment upon a peer. Two of 
these serjeants-at-arms by the king’s permission attend the two houses 
of parliament. In the House of Commons, the office of the serjeant-at- 
arms (as he is emphatically called) is to keep the doors of the house, 
and to execute such commands, especially touching the apprehension of 
any offenders against the privileges of the Commons, as the house 
through its Speaker may enjoin. From these serjeants-at-arms the 
present regimental serjeants are probably derived. 

In some offices about the royal person the principal officer of the 
department is distinguished by the appellation of serjeant, as the 
serjeant-surgeon, serjeant-painter, &c. 

Many of the documents referred to in the present article are printed 
at length in the Appendix to Manning’s ‘ Serviens ad Legem,’ which is 
a report of the argument before the Privy Council in 1839. 

Serjeants and other counsel are to assist a party in a cause 
either by the delivery of a brief in that cause or by giving a retainer or 
retaining fee. A retainer, if for a particular cause, or for a particular 
stage of that cause, is called a common retainer, and it now consists 
in the payment of the sum of one guinea and the delivering of a paper 
endorsed with the name of the cause and of the court, and the words 
“ Mr. Serjeant A (or ‘Mr. B'), retainer for the plaintiff” (or for the 
defendant). A general retainer is where a retaining fee of five guineas is 
given to counsel to engage the assistance of that counsel in all causes in 
which the party retaining may be concerned in the courts which the 
counsel retained attends. <A special retainer is where a large fee is 
given to counsel to plead in a particular cause on a circuit on which 
he does not usually practise. This fee is given and received partly 
with a view to remunerate the counsel for the inconvenience of 
leaving other engagements to come to a strange circuit, and partly for 
the purpose of preventing any unnecessary interference with the 
business of the regular practitioners of the particular court into which 
he is brought, in cases which are not of great importance. Both the 
common and the special retainer amount to an engagement on the part 
of the counsel to accept the brief of the party retaining, and to refuse 
any brief offered by the adverse party, and on the part of the client, to 
deliver a brief to the counsel retained in case the cause is entered for 
trial, whether a trial takes place or not, A eral retainer merely 
renders it imperative on the counsel retained to accept no brief or 
retainer from the adversary of the party retaining, until he has first 
ascertained that it is not the intention of the latter to require his 
services in the particular cause. The retainer continues in 
force during the joint lives of the retaining client and the counsel 
retained, unless the engagement be cancelled by the former, who is at 
liberty at any time to renounce his title to the services of the counsel 
retained. In the case of a common or a special retainer, the contract 
can be put an end to only by the concurrent act of counsel and client. 

In cases of importance, counsel are generally retained before the 
action is actually commenced ; and it often happens that for want of 
sufficient information as to the form of the intended ings, or 
from carelessness, the cause is not described in the retainer with suffi- 
cient accuracy, When this is the case, the retainer is void, and the 


counsel is bound to accept the retainer of the adverse party, if ten- 
dered before the mistake has been corrected. The sufficiency of the 
first retainer becomes frequently the subject of dispute between the 
litigant parties, which dispute, if not arranged between themselves, is 
generally settled not by the counsel to whom the retainer is given, but 
by some other leading counsel. 

In former times it was usual, particularly for great persons and 
public bodies, especially for religious corporations, to grant annuities 
pro consilio impenso vel ee 

SERJEANT, or SERGEANT, is a non-commissioned officer in-a 
troop of cavalry or in a company of infantry. The duties of serjeants 
are to drill or instruct in discipline the recruits of a regiment; to look 
after the interior economy and discipline of the troop or company 
under the captain and subalterns; whilst on they act as 
markers or guides in the performance of the evolutions. The serj 
of infantry are now armed with muskets like the rest of the troops. 
In each company, when a battalion is in line, a covering serjeant is 
always stationed behind the officer commanding the company; when 
the ranks take open order, and that officer advances before the front 
rank, the serjeant steps into his place; but upon the ranks 
closed, he falls again to the rear. Four or six serjeants are 
with the duty of guarding the colours of the regiment; they 
attend the officers who carry them, and are called colour-serjeants, 
One serjeant in each troop or company is appointed to pay the men ; 
also to keep the accounts relating to their allowances, the state of their 
necessaries, &c. There are five serjeants, including the colour-serjeant, 
to each company. 

The name of sergens or servientes was, in the armies of France 
uring the reign of Philip Augustus, applied to gentlemen who served 
on horseback, but were below the rank of knights; and also, as a 
general term, to the infantry soldiers who were furnished the 
towns. There was, besides, a body of troops consisting of 150 or 200 
men of rank, who were called sergens d’armes, and were instituted by 
the prince just mentioned for his protection, when in the East, against — 
the subjects of the chief of the Assassins. (P. Daniel, ‘ Hist. de la 
Milice Fr.,’ liv. iii. ch. 7, and liv, ix. ch. 12.) 

Corresponding to this corps was the body of serjeants-at-arms, which 
was instituted in England by Richard I., and appointed to guard the 
royal tent in complete armour. At first it consisted of twenty-four 
men, but the number was afterwards increased. aceused of 
extortion and oppression, the parliament made several applications to 
the king that their number might be diminished, and in the reign of 
aa IV. the desired reduction took place. (Grose, * Mil. Antiq.,” 
vol. i. p. 199.) L 

In the reign of Philip and Mary the serjeant-major of the army was 
an officer whose post corresponded to that of the modern major- 
general; and the serjeant-major of a regiment was a field-officer, who 
would now be designated the major. At present the serjeant-major is 
an assistant to the adjutant, and keeps the roster for the duties of the 
serjeants, corporals, and privates. The quartermaster-serjeant is one 
who acts immediately under the quartermaster of a regiment in all the 
details relating to the quarters of the officers and men, the supplies of 
food, clothing, &c. 

SERJEANT-AT-ARMS, [Serseant. (Law.) 

SERJEANT-AT-MACE. [Srrseanr. (Law.) 

SERJEANTY. ([Sersrant. (Law.)] 

SERMON, a form of the Latin sermo, which denotes a discourse of 
any kind, and even common talk or conversation. It is now however 
applied only to a discourse of a particular kind, namely, one delivered 
to an assembly of persons who are gathered together for purposes 
of devotion, or in the character of a Christian and religious congrega- 
tion. Nor is any address delivered-on such occasions ly a sermon, 
though the word is very loosely used, and addresses delivered on such 
occasions, which ean hardly be sermons, are not unfrequently so 
denominated ; but it seems to be essential to a sermon that it shall be 
a discourse grounded on some particular passage of holy Seripture © 
which more or less influences the preacher in the whole of his dis- 
course. This passage is called the text, that is, it is the portion of 
the text of Scripture, of which the sermon is the long para’ and 
pears pe with suitable application and exhortation intermixed or 
appended. 

The sermons delivered in the English church before the Reformation 
were very short, probably seldom requiring more than ten minutes for 
the ania * of them. Many specimens remain in manuscript, but few 
are generally accessible by having been printed. Perhaps the most 
remarkable and the most easily consulted are the sermons at the 
opening of each parliament, of which there are notices in the printed 


ro 

But with the Reformation a great change in this respect took place ; 
and in many cases the ministers of religion came to consider them- 
selves rather as persons whose peculiar duty it was to exhort and 
preach, than to conduct the devotions of a Christian assembly and to 
minister the sacraments. The consequence of this was that the ser- 
mons ran out to a great length, and assemblies were gathered together 
rather for the purpose of listening to them than of entering into the 
devotions of the church; and term “ p ing minister” was 
invented to designate those ministers who changed the nature of their 
office, from one which was instituted for the administration of the 
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Christian ordinance and the assisting the people in their devotions, to 
_ one which was of teaching, if not exclusively, yet principally. It was 
~ not very unusual in the 17th century for congregations to listen to 

sermons which occupied one, two, or even three hours in the delivery. 

ere meen te 30 paint, and pag arcwce, Me now reed 
is a singular work by a minister of the French Reformed 
at Charenton, Monsieur Claude, entitled ‘An Essay on the 
Composition of a Sermon.’ This was translated by Robert Robinson, 
a Baptist minister at Cambridge, who has illustrated the rules by 
i ish sermon writers. This translation 

is in two volumes, 8vo., 1779, 


SERPENS (the Serpent), a constellation which is astronomically 
istingui from Opuivcuus, but not mythologically, being the ser- 
pent carried by the . The windings of the figure bring 
it in contact with Aquila, Ophiuchus, Libra, and Hercules, 
No, in Catalogue 
No, in Catalogue of British 
Character. of Flamsteed, Association, Magnitude, 
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SERPENT, a musical instrument, a long conical tube of wood 
covered with leather, having a mouth-piece, ventages, and keys, and 
bent in a ine form; hence its name. The rae og og ae 
> 


is from B flat below the base staff, to G, the treble 
Iti cess tie. ocd sxsiahonsa betergens thanavloomens Or— 
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The use of this is confined to military bands, tho: 
heen rendered valuable in the orchestra. The op! ide however, an 
applicable to the same , but of far superior 

, has. obtained a place in the concert-room, will, 

> sul altogether its ancient and imperfect precursor. 


with ARisTOLOCHIN, 
contracted to serve another. The person 
serve is styled master. Servants are of 
aeons Sans opin eations (Arrrentice), menial or domestic servants 
who reside wi the house of the master, servants in husbandry, 
_ workmen or artificers, and clerks, warehousemen, 


it might have 


A contract of hiring and service need not be in writing unless it be 


for a period than a year, or for a year to commence at some 
future time. in writing, it is not liable to any stamp duty, unless 
it to the superior classes of clerks, &c. To all such contracts 


= 


attaches implied undertaking on the part 
faithfully and carefully to serve the master, and to do his lawiul and 
within the scope of the employment contracted 
of the master, to protect and fairly remunerate the 
implied undertaking to remunerate may be rebutted by 


his w 
incurred by medicine or attendance upon 
the goods of the master are lost or broken by the 


carelessness of the servant, the master is not entitled to deduct their 
value from the wages of the servant, unless there has been a special 
contract between them to that effect. His only remedy is by an 
action, Where a master becomes bankrupt, the commissioners are 
authorised, on proof that they are due, to pay six months’ wages to his 
clerks and servants. If the wages for any longer period are due, they 
must be proved for like other debts under the fiat. If a servant has 
left his service for a considerable time without making any demand for 
wages, it will be presumed that they are paid. A master may chastise 
his apprentice for neglect or misconduct, but he will not be justified in 
striking any other description of servant. Servants who steal or 
embezzle their master’s goods are subject to a greater degree of punish- 
ment than others who commit those crimes. [Larceny.] Masters 
are not compellable to give a character to servants who leave their 
employment. If they choose to do so, and they give one which is 
false, they may be liable to an action at the suit of the servant; but in 
order to recover in such an action, the servant must prove that the 
character was maliciously given for the purpose of injuring him. If 
the master, merely for the purpose of confidentially communicating, 
bond fide state what he believes to be the truth respecting a servant, 
he is not responsible for the consequences of his communication. 

By a great variety of statutes, a special jurisdiction is given to 
magistrates over servants in husbandry, and also in many classes of 
manufactures and other employments. None of these rules of law 
apply to menial servants. The object of them,as relates to servants in 
husbandry, is to compel persons not having any ostensible means of 
subsistence, to enter into service, to regulate the time and mode of 
their service, to punish i and refusal to serve, to determine 
disputes between masters servants, to enable servants to recover 
their wages, and to authorise magistrates under certain circumstances 
to put an end to the service. 

ose statutes which relate to servants in manufactures and other 
employments prohibit the payment of wages in goods, and provide for 
their ny neg in money, and for the regulation of disputes concerning 
them. 1 Reese contain various enactments applicable to the cases of 
workmen, , absconding, neglecting or pawn their work, 
injuring or embezzling the. materials, tools, &c., en’ to them, and 
fraudulently. receiving those entrusted to others. With respect also to 
this class of servants, magistrates have authority to put an end to the 
contracts of hiring and service. 

By reason of the relationship which exists between a master and a ser- 
yant, and the protection which is thereby due from the former to the 
latter, a master is not held to be guilty of the offence of maintenance 
{Marvrrnance], though he maintain and support his servantin an action 
brought by him against a third party. When a servant is assaulted, his 
master is justified in assisting his servant, and repelling the assault by 
force, although he himself be not attacked ; and under similar circum- 
stances a servant may justify an assault committed in defence of his 
master. A master is answerable, both civilly and criminally, for those acts 
of his servant which are done within the scope of hisemployment. Thus 
a master is indictable if a servant commit a nuisance be throwing dirt 
on the highway ; and a bookseller or newsvender is liable, criminally 
as well as civilly, for libels which are sold by his servant in his shop. 
This liability of the master does not release the servant from his own 
liability to punishment for the same offence. The servant is also liable 
when he commits a trespass by the command of his master. A master, 
Pome a ea civilly for any injuries arising from the negligence or 

i of his servant, is not responsible for the consequences of 
a wilful act of his servant done without the direction or assent of the 
master: in such case the servant alone is liable. Where a servant 
makes a contract within the scope of his employment, what he does 
will be binding on his master, just as if he had expressly authorised © 
the servant. But in all cases where there is no express evidence of the 
delegation of the master’s authority, there must be facts from which 
such delegation can be inferred. ere a servant obtains goods for 
his master, which the master uses, and he afterwards gives money to 
the servant to pay for them, the master will be liable to pay for them, 
even though money should have been embezzled by the servant. 
If a coachman go in his master’s livery to hire horses, which his master 
afterwards uses, the master will be liable to pay for them, though the 
coachman has received a large salary for the express purpose of pro- 
viding horses ; unless, indeed, that fact were known to the party who 
let out the horses, Ifa master is in the habit of paying ready money 
for articles furnished to his family, and gives money to a servant, on a 
particular occasion, for the purpose of paying for the articles which he 
is sent to procure, the master will not be liable to the tradesman if the 
servant should embezzle the money. Where articles furnished to a 
certain amount have always been paid for in ready money, and a 
tradesman allows other articles of the same character to be delivered 
without payment, the master will not be liable, unless the tradesman 
ascertains that the articles are for the master's own use. Where a 
tradesman, who had not before been employed by a master, was 
directed by a servant to do some work, and afterwards did it without 
any communication with the master, it was held that the master was 
not liable, though the thing upon which the work was done was the 

of the master, ' 

By the contract of hiring and service, the master obtains a right to 

the service of the seryant. Any one, therefore, who interferes with 
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either by some hurt done to the servant, or by his being enticed out of 
the service. An action, therefore, may be brought by a master where 
a servant has received some personal injury disqualifying him from the 
discharge of his duties as a servant, as where he has been disabled by 
the overturn of a coach, the bite of a third person's dog, &c. The 
action by a parent against the seducer of his daughter is of this class, 
and to be brought to recover the damages incurred by the 
parent for the loss of his daughter's services ; and although in practice 
the daw are never really measured by the injury occurring from 
the mere loss of service, still, from the form of the action,—the only 
one which can be brought in such a case,—it ix necessary to give evi- 
dence of services performed. Any kind of assistance in domestic offices 
is sufficient. [Parent anv CHILD.) . 

In order to succeed in an action for enticing a servant out of his 
service, the master must prove that the party enticing away the 
servant knew of the previous engagement at the time when he enticed 
him away, or that he has refused to restore the servant upon subse- 
quent application. This action is maintainable where the servant is 
hired to do work by the piece, as well as where the servant is hired 
for a definite time. But no action lies for inducing a servant to quit 
his service at the period when the definite time for which he was hired 
expires, although the servant had no previous intention of quitting the 
service at such period. Neither will an action lie against a party for 
enticing away a servant if the servant has paid to the master the 
penalty stipu for by the agreement of hiring and service in case 
of his quitting his master's service. Where a servant has been enticed 
away from the service, an action lies against him for his breach of 
contract, as well as against the party who has enticed him away. 

It is not inconsistent with the duty of the servant of a tradesman to 
solicit his master's customers to give him business after he shall have 
left the service of his master. Where a workman discovers a new 
invention during the time of his service, the invention is the property 
of the servant, unless perhaps he were specially hired for the purpose 
of making new inventions. 

Penalties are imposed by the statute law upon parties who personate 
masters and give false characters with servants; and also upon those 
who, though they really have been masters, wilfully make false state- 
ments in writing, as to the time and particulars ef the service or the 
character of the servant, and also upon those who personate servants 
or falsely state that = have been in particular services, or deny that 
they have been in such employments as they really have filled. A 
person who wilfully gives a false character with a servant is also liable 
to an action at the suit of the party who has been induced by the false 
character to employ the servant, for any damages which he may suffer 
in consequence of employing him. Thus, where one was induced by a 
false character to employ a servant who afterwards robbed him to a 
large amount, and was convicted of the robbery, the master was held to 
be entitled to recover to the extent of his loss from the party who gave 
the false character. 

Formerly a settlement was gained by residence in a parish under a 
contract of hiring and service for a year; but no settlement can now 
be gained by such means. 

SERVICE (Law). [Servant.] 

SERVICE, the name given in English cathedral music to the Je 
Deum and Jubilate, the Magnificat and Nune Dimittis, the Cantate 
Domino and Deus Miseratur, collectively or separately ; and sometimes 
applied, very erroneously, in our concert books, to the whole or por- 
tions of the mass. 

SERVITES, or Servants of the Blessed Virgin, a religious order 
first instituted in Tuscany, aD. 1233, by seven Florentine merchants. 
This order, though subjected to the rule of St. Augustine, was neverthe- 
less erected in commemoration of the most holy widowhood of the 
blessed Virgin, for which reason its monks wore a black habit, and 
observed several rules not practised in other monasteries. 

Toward the close of the 16th century it was found that the Servites 
had fallen off from their early strictness; and in 1593 the order was 
re-established in its original austerity in the hermitages of Monte- 
Senario, where the reformed brothers took the title of Servites- 
£Lremites, This order continues to exist in Italy. 

Father Paul Sarpi, the well-known author of the ‘ History of the 
Council of Trent,’ was a Servite. } 

(Mosheim, Zecles. Hist., Cent. xiii. Part ii. 8,20; Hist. des Ordres 
Religicux, = M. Henrion, 8vo, Brux., 1838.) 

SERVITOR. [Stzar.] 

+ SERVITUDE, PENAL. [Pxnat Servrrupe.] 

SERVITUDES (servitutes). A servitus in the Roman law signifies 
that the owner of some particular property is bound in respect to some 
other person, simply as such person, or as being the owner of a par- 
ticular property, either not to do certain acts to his property, or to 
allow that other person to do sume particular acts to the property. 

Servitutes were thus either a right belonging to some particular 
person, which ceased with his life (unless they were granted to him 
and his heirs), and were called servitutes narum or personales ; 
or they were attached to a piece of ground as the subject, and could be 
exercised by any persun who was in the possession of the ground, and 
were called Jura, or servitutes prediorum or rerum, and sometimes 


sorbed in the Court of Session, and the number of judges was at the same 


house), and Oper Servorum et Animalium (the use of another person's | 
slaves or beasts). 

Predial Servitudes were either Servitutes Urbana or Rusticie. 
They were Urbane if the property which was entitled to the servi- 
tude was a building; they were Rustice if it was a piece of ground. 
There was no limit to the number or kind of servitudes of this class 
which might be established. Those Servitutes Urbane which were of 
ordi occurrence were such as follow :;-—Servitutes oneris ferendi, 
the right which a man has to let his building rest on the building, the : 
wall, or the pillar which belongs to another; Tigni immit the 
right of fixing a man’s timbers in his neighbour's wall; Luminum, sive 
luminis excipiendi, the right of a man’s making windows or in 
his neighbour's wall, or in a common wall, in order to get light for his 
own building, or to make holes or windows in a man's own wall, which 
holes or windows look into his neighbour's property, in such cases as 
would be unlawful without the existence of servitude ; Ne lumini- 
bus officiatur, the right to prevent a neighbour from obstructing the 
light that comes to a man’s buildings, by raising any obstacle in the 
way; and others of a like kind. The Servitutes Rustic were rights 
of road over another man’s property, which were of various , 
according to the kind of road, as Servitus itineris, actus, vie ; Pascendi 
sive pascui, right of pasturing a man’s animals on another man’s — 
ground; and the various servitudes which have for their object the 
use of water, as servitus aque ductus, aque haustus, and others of a 
like kind. ; 

Servitudes might be established by contract, by testamentary dispo- 
sition, by prescription in the Roman sense, and in some other way 
They might cease by the party entitled to them renouncing them 
express words or tacitly: in the case of predial servitude, by one 

mn becoming owner of the servient and dominant properties; and 
in some other ways. 

The predial servitudes may be compared with some of the easements 
and rights of the English system. The personal servitudes of the 
Roman law do not correspond, except in some few cases, with anything 
in the English law, except limited enjoyments of a thing, as, for instance, 
an estate in lands for life. 

The subject of the Roman servitudes would require a long exposition 
to be treated fully, A good outline is contained in Thibaut, ‘System 
des Pandekten Rechts,’ i. § 296, &c., 9th ed.; and in Mackeldey, 
‘ Lehrbuch,’ &c., ii. § 274, 12th ed. 

SESQUIALTER, the name of a stop on the organ, containing three 
ranks of pipes, thus giving three pipes to each organ key, which are 
tuned in different but harmonic intervals. Sometimes the Mixture 
stop is considered as part of the uialter, in which case the 
latter is said to contain five ranks of pipes, all tuned in harmonic 
intervals. [OrGan.] . : 

SESSION, COURT OF, is the principal tribunal of civil jurisdiction 
in Scotland. As at present constituted, it dates back to the year 1532, 
but it was then reconstructed on the basis of institutions which had 
existed at a much earlier period. The early records of the Scottish 
Parliament show that the judicial authority, which in those times was 
mixed with the legislative functions of that body, was often deputed 
to committees. These were termed Domini Auditores, or Domini ad 
Querelas, and received other like titles. We find these committees ~ 
and their functions placed on a more distinct position in 1503, when a 
permanent body received the designation of “The Daily Council.” It 
is worthy of observation that these incidents in the history of the 
court explain the absence of jury trial as a fundamental feature in the 
Court of Session, while in early times it is known to have belonged to 
the courts of the inferior judges. Parliament being the high jury of 
the nation, it would be an anomaly that a committee of that body 
should act through the aid of a jury. The number of the court as 
finally established in 15382 was fifteen, the usual number of a Scottish 
jury in former times, and still the number of a jury in a criminal 
prosecution. There was then a lord chancellor of Scotland, whose 
functions in some resembled those of the same official in 
England. He presi over the Court of Session, and his judicial 
functions gradually came to be absorbed in those of the court. At 
the union with England it was deemed unnecessary to retain a separate 
chancellor of Scotland, and the great seal to be appended to private 
documents for that of the country being committed to a baie ; 
the court was presided over by the lord pee who previously pre- 
sided in the absence of the chancellor. In 1808 the Court of Session 
was divided into two divisions : the head of the court, the lord presi- 
dent (who is also now lord justice-general or head of the supreme 

iminal court) presides in the first division, and the lord justice clerk 
in the second. In 1815 trial by jury in civil cases was introduced in 
Scotland, a separate tribunal being established for these cases; but in 
1880 the practice of jury trial was united with that of the Court of 
pie ser iets otill only atophd See hace Mer: is 

rom being popular or satisfactory. mode o pleading 
is ill adapted to it, and no means have been found, or indeed tried, o' 
it ft it through with the promptitude and precision which mark the 
English practice. In 1830 two separate courts of limited jurisdiction 
and small practice—the Admiralty and Commissionary Courts—were ab- 
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time reduced from fifteen to thirteen. Eight of these judges, formed poor. A body of managers is generally chosen at an annual business 
into two courts of four judges each, sit in the two divisions of the Inner meeting of the members of the congregation, whose duty is to transact 
House, where each division forms a court of second instance. The | the secular business, such as collecting seat-rents, paying the minister’s 
five other judges are called the Lords Ordinary, and each of them stipend, &c. In the Free Church of Scotland, deacons are usually 
holds a separate court, which, in reference to the court of further appointed, who in conjunction with the elders, constitute the deacons’ 
resort, is called the “Outer House.” The judgment of a lord ordinary | court , for the management of the secular affairs of the congregation, 
on a closed record is final in the Outer Sous but it may, within a (Principal Hill's View of the Constitution of the Church of Scotland ; 
i be carried by a “ reclaiming note” to which the record is Dr. Alexander Hill’s Practice in the several Judicatories of the Church of 
appended, to the Inner House, where it may be pleaded again on the Scotland.) 
record as made up in the Outer House. SESSIONS. <A session is the period during which any court of law 
The ion of the Court of Session embraces all questions of | sits for the transaction of judicial business ; but the term Sessions is 
civil right. It gives remedy when other courts whose function it is to | commonly used to denote the meeting of the justices of a county, or 
regulate the rights and duties of certain sections of the public as mem- | other district which has a separate commission of the peace, for the 
bers of a particular class—such as courts martial and ecclesiastical— | execution of the authorities conferred by the crown by that com- 
their powers. The proceedings before the Court of Session in mission and others created by act of parliament. 
to the church courts were the cause of the great secession County Sessions.—The commission of the peace issued by the crown 
from the Scottish Church in 1843, As every description of civil question | for the purpose of creating county magistrates, consists of two branches. 
between man and man in Scotland can be competently decided before | The former, relating to the powers to be exercised by justices indi- 
the Court of Session, it is usual in England to 3] of it as a court | vidually and separately, has been already set forth. [Justicns,] The 


“both of law and equity ;” but this is a second branch of the commission creates the powers of the justices 
incidental ices in the character English courts, and is | when assembled in Sessions, and contains the quorum clause, so called 
no Pht systematic division of the ion of use when the commission was in Latin, the clause ran “ quorum 


equity courts in England, in the appointment of guardians, receivers,| The statute 1 Mary, sess. 2, c. 8, g, 2, prohibits sheriffs from 
&c., or otherwise seeing to the protection of property, or of persons | exercising the office of justice of the’ peace during the time that they 


necessary, and there is 

no person competent in ordi course of law to act. ‘It has also the same matter both as judges and officers,—to execute, as sheriffs, 
same authority as the Court Exchequer in matters of revenue. By | precepts which they had issued as justices. "It has been supposed that 
an ald practice in Scotland, each “Senator of the College of Justice ™ where a justice is elected coroner, he is i 

as the judges of the Court of Session are officially called, takes the title justice. But if he be created a duke, archbishop, marques, earl, 
of lord. viscount, baron, bishop, knight, judge, or serjeant-at-law, his authority 
SESSION, KIRK, is the lowest judicatory in the system of the as justice of the peace remains. (1 Edw. VI. ¢.7.) By 5 Geo. IL ¢. 
urch of Scotland, havi jurisdiction only over a single parish. | 18,'s, 2, attorneys, solicitors, and proctors are prohibited from acti 
There is, or es hog be, a kirk session in every parish, composed of | as justices of the peace for any county during the time that they 

> W 


elders, who must be at the least two in number. The moderator has A regatce As the justices held for the purpose of acting judicially 
i i for the whole district comprised within their commission constitutes a 
time by the minister ; but they are commonly held at stated intervals, | court of general session of the peace. By 12 Rich. II. ¢. 10, sessions 
i on the Sunday after are required to be held in ey. quarter of the year, or oftener if need 

i be. “the four sessions s} held. 
that the nomination or election of elders was originally in the congre- | session of the peace, or, in common parlance, “ quarter-sessions,” By 


inted by the presbytery. In some | the 24th of J une. Though the justices act irregularly in omitting to 
largest town there are as many as fifty or sixty elders ; | convene the quarter-sessions at the prescribed periods (except the 
Nese | five or six, In country | April sessions, in respect of which power is expressly given to the 
at least those of them who do the duties of the | justices to alter the time to any day between the 7th of March and the 
le tradesmen, shopkeepers, or mechanics, | 22nd of April), sessions held as quarter-sessions in other  cedpiaa of the 
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an in 
; the same member being deputed to the quorum, may at an time convene a general session of the peace ; 
i i The elders | but at such additional hornet no business can be transacted which is 


concurrence of his elders. In practice, however, the | to summon all coroners, keepers of jails and houses of correction, high 
clergyman rarely encounters any opposition in the kirk session, constables, and bailiffs of liberties [FRancuisx] within the county. 
ry betes of the session is to exercise spiritual discipline Persons bound to attend at the sessions are, first, all justices of the 
within the iring into scandals, and punishing delin- peace for the county or district ; scrondly, the custos rotulorum of the 
< ne suspension from nyt benefit of church oa who is bound to attend by himse 
ordinances, pu or private rebuke, and Y pecuniary fines | of the ions ; thi 
(exacted of course, like submission to eater Penalties, only as the 
price of restoration , for the session has petty jury, to execute process, &c, ; fourthly, the several coroners of 
no to force any person even to on its summons). The | the county or district; fifthly, the constables of hundreds or high 
hes faity commaeenh aire session (at least the | constables; sixthly, all’ bailiffs of five acento ee ly, 
fairly commenced) is taken 1 oath, and is, or ought to the keepers of jai to bring and receive prisoners ; ei y, the keeper 
othe by seesion-clerk, who is a paid officer, not | of the house pe eotrestiah, to give in a calendar and account of persons 
necessarily a member of the court. There is in most cases an appeal in his custody ; ninthly, all persons returned by the sheriff as jurors ; 
from the judgment of the kirk session to the presbytery ; and some tenthly, all persons who have entered into a recognisance to answer 
| al can only be tried by the even in the first charges to be made against them, or to prosecute or give evidence upon 


church door for the support of the poor, is also in the hands of the| Persons summoned on grand or petty juries ought to be males 
kirk session ; and the management of all other funds and assessments between 21 and 60 years of age, Who are possessed of 10/. a year in 
to i that body and in the | lands or rents, or 20/. a year in leaseholds for an unexpired term or 


Presbyterian bodies the lay-members of the kirk-session are appointed | on a value of not less’ than 201, (in Middlesex 30/.), or who occupy 
by the direct vote, or with the consent of the members of the congre- | houses containing not less than 15 windows, and who are not peers, 

The duty of the session, of which the minister is moderator, judges of the superior courts, clergymen, Roman Catholic priests, 
is to attend to the spiritual discipline of the body, and to care for the | dissenting ministers following no secular employment but that of 
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schoolmaster, serjeants or barristers-at-law, doct 


<) “J 
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or advocates of | statute 12 & 13 Vict. c. 45, the powers previously given to judges to 
civil law actually practising, officers of courts actually exercising the | order payments by way of reward for the ap on of certain 


duties of their respective offices, coroners, jailers or keepers of houses 
of correction, members or licentiates of the College of Physicians 
actually practising, members of the Royal’ Colleges of Surgeons in 
London, ‘Edinburgh, or Dublin, and actually practising, certificated 
apothecaries act practising, officers in the army or navy in full 
pay, pilots licensed the Trinity House, masters of vessels in the 
Buoy and Light service, pilots licensed by the lord warden of the 
Cinque Ports or under any act of parliament or charter, household 
servants of the crown, officers of the customs or excise, sheriffs’ officers, 
igh constables or parish clerks. 1 

@ justices in sessions have criminal janes: Me Le ee estesssy 
partly according to the rules of common law and partly in a course 
prescribed by different acts of pape they have also jurisdiction 
in certain civil matters by different statutes; they have an 
administrative power in certain county matters; and they have power 
to fine and imprison for contempt. 

L. The criminal jurisdiction of justices in sessions, according to the 
course of common law, enabled them to try felonies and those misde- 
meanors which are not directed by any statute to be tried in a sum- 
mary way. It has been said that they no jurisdiction in cases of 
perjury and forgery; but this opinion seems to have arisen from the 
circumstance that at common law these crimes were only misdemeanors, 
and the authority of the justices extended only to such misdemeanors 
as were specially mentioned in their commission, or which came within 
the description of ; and though most ies of forgery have 
since been made felony, the opinion that courts ‘of quarter-sessions had 
no jurisdiction in cases of forgery was commonly entertained. 

Phe jurisdiction given by the commission of the , in respect of 

felonies, is expressed in yery general terms, and in former times 
numerous executions for felony took place at the quarter-sessions. 
The Seow during the present and the greater part of the last geri 
was, however, not to try at the sessions persons ch with capi 
_crimes, but to leave them for trial by the judges at the assizes. All 
questions of this description are, however, set at rest; for the criminal 
jurisdiction of justices in general and quarter-sessions is now defined 
by the 5 & 6 Vict. c. 38, which enacts “that after the passing of this 
Act neither the justices of the peace acting in and for any county, 
riding, division, or liberty, nor the recorder of any borough, shall at any 
session of the peace nor the adjournment thereof try any person or per- 
sons for any treason, murder, or capital felony, or for any my, which, 
when committed by a person not previously convicted of felony, is 
punishable by transportatién beyond the seas for life,” or for any of 
the offences mentioned under the 18 heads contained in the first 
section of the Act. The second section provides that any judge of the 
supreme courts at Westminster, acting under a commission of oyer and 
terminer and jail delivery for any county, may issue a writ or writs of 
certiorari or other process directed to the justices of the peace acting 
in and for such county, &c., or to the recorder of any court within the 
same county, commanding the said justices and recorder severally to 
certify and return into such court of oyer and terminer, &c., all indict- 
ments and presentments found or taken by such justices or recorder of 
offences which, after the passing of this Act, they will not have juris- 
diction to try, andthe several recognizances, examinations, and 
depositions relative to such indictments and presentments; and, if 
necessary, by writ or writs of Habeas Corpus, may cause any person in 
the custody of any jail or prison, charged with any such offence, to be 
removed into the custody of the common jail of the county, that such 
offences may be tried under the said commission. 

Previous to the year 1836 it was in the discretion of the magistrate 
before whom the depositions were taken, whether he would allow them 
te be inspected ; even the party accused had no right to demand a copy 
of the depositions, though in cases of treason or felony he was entitled 
to demand a list containing the names of the witnesses for the prose- 
cution. But now all persons held to bail or committed to prison for 
any offence, may at any time after the completion of the examinations, 
and before the first day of the sessions (or assizes), require and have, 
from the person who has the custody thereof, copies of the exami- 
nations of the depositions on which they were held to bail or committed 
to prison, on payment of a reasonable-sum for the same, not e i 
three- ce for each folio of ninety words. (See 11 & 12 Vict. c. 
42, 7s , substituted for the previous provisions of the 6&7 Wm. IV. 
c 

A prisoner or defendant charged with a felony or a misdemeanor, 
although entitled to defend himself by counsel, cannot have the assist- 
ance of counsel to examine the witnesses, and reserve to himself the 
right of addressing the jury. But if ‘he conduct his defence himself, 
and any point of law arises which he professes himself unable to argue, 
the court will hear it argued by counsel on his behalf. 

Where the quarter-sessions act as a court of criminal jurisdiction 
under the powers given by the commission, and ing to the course of 
common law, a writ of error lies upon the judgment of the sessions to 
the court of Queen's Bench, and from that court to the Exchequer 
Chamber, and ultimately to the House of Lords, By the statute 11 & 
12 Vict. c. 78, these courts, in common with the courts of Oyer and 
Terminer and Gaol Delivery, are empowered to reserve questions of 
law for the consideration of the court of Criminal Appeal; and by the 


offenders was extended to these courts, the compensation to one person - 
in no case to exceed 5/. : 


required to be done by two or more justices, except in cases in which 
a power is given of appealing to the sessions, 
urisdiction to one or more 


Il. Statutes which give s' 
magistrates, in most cases allow their a 


question were raised for the first time. Upon hearing of an a in 
which several counsel are employed, the course of practice ene is 
this ;—the senior counsel for the respondent (the party resisting the 
appeal) states his case in accordance with the decision appealed against. 
The witnesses and documents in support of that case having been pro- 
duced and examined, the senior counsel for the appellant addresses the 
court, and then his witnesses are examined. th counsel 
appellant then address the court, and are followed by the 

for the ndent; if no evidence is produced on part of th 
appellant, the appellant’s counsel sum up their case, and the re- 

spondent’s follow. The practice in this respect, however, varies at 
different sessions. When the case is closed, the order, conviction, or 

other matter appealed against is confirmed or discharged, according te 
the view which the majority of the justices present at the moment of 


= 


A 
panel, or list of persons returned to serve on the grand-jury, ape 
uire 


ensure full attendance in future, the whole panel is over for the 
purpose of discovering and punishing all the defaulters. The grand- 
jury being sworn, the royal proclamation against vice and immorality 
is read by the clerk of the peace. The chairman delivers his charge to _ 
the grand-jury, in which, as he is in possession of the depositions — 
taken when the prisoners were committed, he calls their attention to 
Be cases as appear to pq if any perme f 0 ae 
of law as are necessary for their guidance, e -j ! 
retire to their room to receive oak bills of indictment ‘a hay be 
brought before them. 
When the business of the sessions is such as to be likely to occupy a 
considerable time, it is usual to appoint a second chairman to peas 
in a separate court, under the authority of the 21 & 22 Vict. c. 73, 
substituted for previous provisions for the same ee bills 
of indictment on parchment, with the names of the indorsed 
thereon, are taken to the grand-jury, who call in, swear, and examine 
the witnesses in succession, no other person present. The ex- 
amination being concluded, if a majority consisting of not less than” 
twelve are of opinion that the charge is su) ported by the evidence, the 
bill of indictment is indorsed “a true ,' or the indorsement may 
state that the bill is true in suchand such parts,and not true in others, 
or the prety: may themselves strike out or alter any part of the 
bill, and return it in its corrected form as a true bill generally, Ifa 
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jori ink that the party is not guilty, or if the 
number that think him guilty be less than twelve, they indorse “ not a 
in the latter case the old form of indorsement, 
« mus” (we do not know), seems to be more correct. It not 
eocoty hs that grand-jurors return “a true bill” where the 
tid been brought before them is such as merely to 

raise in their minds a 


the inquiry which has taken place in the grand-jury 
nature of a precognition little differing from the pre- 
i examination which takes before a magistrate, who is 
commit or to require bail if a probable cause of guilt be made 
common law of England,a man is not liable to punish- 
charged against him has been found to be true by 
e men (whether grand-jurors, leet-jurors, or jurors 
an issue in a civil cause involving a charge of crime), 
has been afterwards confirmed by the verdict of 
, or by the a pba ae 
guilty in court, judgment of the court it 
ib be sonslderall aa Souahon * topteert gee ngrel 
i which take place before the 
atrial of the guilt or innocence of the 
Taeoress of the i ane The 
grand-jury are sworn to inquire, not the accused t to be put 
ie Lud, bor abet the matter in respect of which they are to 
their presentment, contained in the bill of indictment, which 
and 
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(8 Howell, ‘ State Trials,’ 821, 836, 838; Burn’s ‘ Justice, 
* Indictment V.”) 
The bill, being indorsed, is brought into court by the grand-jury, 
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cannot be held without the presence of two justices, at 
nor can they be adjourned by one justice, though two or more 
previously have been present. act done as an act of 

j two have ceased to be 


The may grant a commission of the peace not only for an 
entire county, but also for a particular district within the county. In 
Hiee Gomtotdor Gicciot, ibs nsocomry ethar to inizodute inks the cons. 

istri ei to introduce into the com- 
ain at Ge for Secuaee, 5 district a clause excluding the 
jutisdiction of Gas county , which is called a neintromittant 
clause, or to grant a new commission to the county magistrates excluding 
faker, the coumly usglsicaben suay ell hold thelr seasons wishin the 
county may thei ions in the 
district, though can exercise no jurisdiction in respect 

of matters arising within the 
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or 
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Petty and ial Sessions. —A rneeting held by justices for the trans- 
action of i business arising within a particular district 
forming a subdivision of the county or ict comprised in the 


are moreover provided for by the 11 & 12 Vict. ¢. 48, and 14 & 15 Vict 
¢e. 55. [JUVENILE OrreNDERS; Justices or THE Pxace.] 

Borough Sessions—The Municipal Corporation Act (5 & 6 Wm. IV. 
c. 76) directs that the recorder of any city or borough to which a sepa- 
rate court of quarter-sessions is granted under the provisions of that 
Act, shall be the sole judge of such court [RecorDeER], leaving the 
ordinary duties of magistrates out of sessions to be performed by the 
justices of the peace appointed by the crown for such city or borough. 
The recorder is required to hold a court of quarter-sessions once in 
every quarter of a year, or at such other and more frequent times as 
he may think fit, or as the crown may direct. Borough quarter-sessions 
are not, however, like county quarter-sessions, appointed to be held in 
particular weeks. In case of sickness or unavoidable absence, the 
recorder is authorised, with the consent of the town council, to appoint 
a barrister of five years’ standing to act as deputy recorder at the next 
session, but no longer. In the absence of the recorder and of any 
deputy recorder, the court may be opened and adjourned, and the 
recognisances respited, by the i ; but the mayor is not authorised 
to do any other judicial act. Where it appears to the recorder that 
the sessions are likely to last more than three days, he may appoint an 
“ assistant-barrister ” of five years’ standing to hold a second court, for 
the trial of such felonies and misdemeanors as shall be referred to him, 
provided it has been certified to the recorder, by the mayor and two 
aldermen, that the council have resolved that such a course is expedient, 
and the name of the intended assistant-barrister has been approved of 
by a secretary of state. 

Every burgess of a borough (or citizen of a city) having a court of 
quarter-sessions (unless exempt or disqualified otherwise than in respect 
of property), is liable to serve on grand and petty juries. Members of 
the town-council, and the justices of the peace, treasurer, and town- 
clerk of the borough, are exempt and disqualified from serving on 
= within the borough; and they and all burgesses of boroughs 

wing separate quarter-sessions are exempt from liability to serve on 
i Jf har at the county sessions. 

the 105th section of the Municipal tion Act, the 
recorder has jurisdiction in respect of all crimes cognisable by courts of 
quarter-session in counties ; but he is expressly restricted from making 
or levying any rate in the nature of a county rate, or granting any 
licence to keep an inn, &c., and from exercising any of the powers 
vested in the town-council. Other Taabdece reqGteatl bry dlatarts 6° e 
done at quarter-sessions, and not expressly transferred to the town- 
council, devolve upon the recorder, as the appointment of inspectors of 
weights and measures, &c, Persons imprisoned in a borough jail by 
county magistrates, under 6 & 7 Will. IV. c, 105, may be tried at the 
borough sessions for offences committed out of the borough. 

All criminal jurisdiction which, before the passing of the Municipal 
Corporation Act, existed in any borough to which no court of quarter- 
apts since been granted, is taken away by the 107th section of 

\ 

SESTERTIUS, a Roman coin, which originally consisted of 24 
ases, as the name implies, sestertius being a contraction of semis 
tertius, the third a-half, which is the Roman way of expressing two and 
a-half. The sestertius belonged both to the brass and silver coinage ; 
and in both it was of the same value, namely, one-fourth of the 
denarius. This value agreed with its value in ases so long as the 
denarius consisted of 10 ases. But at an early period the as was 
reduced in value, and 16 ases made equal to the denarius [As], and 
then the sestertius, its value with reference to the denarius remaining 
the same, became of course equal to 4 ases. On Mr. Hussey’s compu- 
tation the value of the denarius after the reduction was 84d., and 
therefore the sestertius was-worth 2\d. After the time of Augustus 
the denarius was reduced to the eighth of an ounce, and was worth 
74d., and therefore the sestertius was worth 17d. The sestertius of the 
brass coinage was made of the same metal as the as, 

The Romans generally reckoned sums of money in sestertii, although 
the coin used in making payments was commonly the denarius. 
sums they reckoned by sestertia, that is, sums of @ thousand sestertii. 
It is very important to attend to the phrases used in such computa- 
tions. The coin itself was called sestertius, or sestertius nummus, or 
simply nummus. ‘The sum of a thousand sestertii was expressed by 
mile sestertii, or M. sestertium, or M. nummi, or M. um, or num- 
morum, or M. sestertii nummi, or M, sestertium nummum. The singular 
sestertium is never used for a thousand sestertii, but the plural sestertia 
is used for all multiples of a thousand sestertii, up to a thousand ; 
sometimes the word millia (thousands) is used instead of sestertia ; 
sometimes neither word is expressed + and sometimes nummum is added. 
Thus 600,000 sestertii, or 600 sestertia, might be expressed by any of 
the following phrases: sescenta sestertia, sescenta millia, sescenta alone, 


| or seacenta sestertia nummum, Sums of 1000 sestertia and upwards 


were expressed by the numeral adverbs with the termination tes, which 

ies that the number to which it is affixed is to be multiplied by 
100, Thus decies, undecies, dyodecies, vicies tricies, tricies quinquies, 
stand respectively for 1000, 1100, 1200, 2000, 3000, 3500 sestertia. 
‘These forms are, however, sometimes varied. Thus Cicero (‘in Verr.,’ 
ii. 1, 89) uses quaterdecies for 1400, and decies et octingenta millia for 
1800 sestertia. When two such adverbs come together, if the larger is 
first, they must be added together; but if the smaller is first, they 
must be multiplied. Thus we have in a passage of Suetonius (‘ Aug.,’ 
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101), millies et quingenties for 150,000 sestertia, and immediately after- 
wards quaterdecies millies for 1,400,000 sestertia. (In the latter case, 
care must be taken not to reckon the termination ies twice over in 
multiplying; it is not 1400 x 100,000, but 14 x 1000 x 100.) 

The symbol HS or IIS is often used both for sestertii and for 
sestertia. It stands for libra libra semis (two pounds and a-half), 
When applied to sestertii its is clear enough, since the as was 
originally a pound (libra) of brass. When applied to sestertia it meant, 
according to Gronovius (‘ Pec. Vet.,’ i. 4, 11), two pounds and a-half of 
silver, which he calculates to have been originally equal to 1000 
sestertii, and therefore to have represented that value ever after. It 
is often difficult to determine whether the symbol HS stands for 
sestertii or sestertia. When the numeral is written in cipher,and has a 
line over it, it stands for the adverb in ies, and the HS means sestertia : 


thus, HS.GGcc is quadringenties, or forty thousand sestertia. Some- 


times the numeral is found with the singular of sestertium, as sestertii 
decies, or sestertio decies. Gronovius explains these forms, and also the 
use of sestertium with the adverb in ies (which he considers to be, in 
this case, an accusative singular), by understanding with them the 
word pondus, a pound (of silver), according to which sestertium in these 
forms means two pounds and a-half of silver, or 1000 sestertii. Hence, 
if these forms are used with a numeral in cipher, they mean the 
number of sestertia represented by the adverb in ies of that numeral. 
Thus sestertio X is decies or 1000 sestertia. 

According to the value given above for the sestertius, the sestertium 
was worth 8/. 17s. 1d. 

The word sestertius is often used indefinitely for any very small sum. 

, ‘On the Ancient Weights and Money,’ c. x., § 1, 3, 6.) 

SET-OFF, in law, is the amount of the debt due to a defendant 
from a plaintiff, which the defendant is entitled to set off in answer 
either to the whole or part, as the case may be, of the plaintiff's 
demand. At common law, if the plaintiff was indeb to the 
defendant in an ascertained sum in respect of the same transaction 
concerning which the action was brought, the defendant was entitled 
to deduct at the trial so much from the plaintiff's demand. But if 
the debt due from the plaintiff accrued in res; of another transac- 
tion, the defendant had no such power; and he was either compelled 
to bring an action against the plaintiff for what was due to him, or, if 
he wished to avail himself of his cross-demand without bringing 
another action, to apply after the action had been commenced against 
him toa court of equity for the purpose of adjusting the claims of 
himself and the plaintiff. To obviate the expense and inconvenience 
of such a course, it was enacted by 2 Geo. II. ¢. 22, s. 13, that “ where 
there are mutual debts between the plaintiff and defendant, one debt 
may be set against the other ;” upon which statute, as explained by 
8 Geo. II. ¢. 24,8. 4, is founded the whole law on the subject. A claim 
for damages not ascertained cannot be set ff, even although they relate 
to the subject-matter of the action itself. For instance, in an action 
for goods delivered, the defendant cannot set off the loss which he has 
suffered by their non-delivery at the proper time, &. There must 
also be an entire mutuality between the debt sued for and the set-off. 
Thus a debt due from the plaintiff together with other parties cannot 
be set off against a debt due to the plaintiff alone; nor can a debt due 
to the defendant personally be set off to a demand against him as 
executor, &c.: and the rule of law is the same for the converse of 
these cases. It is consistent with this rule that when an action is 
brought by or against a trustee, a set-off may be made of money due 
to or from the party for whom he is trustee, 

A plea of set-off must describe the debt intended to be set off with 
the same certainty and particularity as would be n ina decla- 
ration, which indeed such a plea in several respects much resembles. 
If for instance a plea of set-off contains several parts stating distinct 
debts, these are analogous to distinct counts in a declaration, and one 
may be sustained although the others may not. 

ETON. [Issvz.] 

SETTL NT. [Poor Laws,] 

SETTLEMENT. A settlement, in the most general sense of the 
word, is a disposition of property of any kind made for certain pur- 
poses by the owner, who, in relation to such disposition, is called the 
settlor or grantor. A settlement in this case may be made either b 
deed or by will; but the term is most commonly applied to suc 
settlements only as are made by a deed. 

A consideration is not necessary for the validity of a deed at law. 
Though a deed may in many cases be void as against strangers for 
want of consideration, it is valid as between the parties. {Deep} 
Settlements by deed, therefore, may be either made upon valuable or 
good consideration, or they may be purely voluntary. 

The most important species of settlements—to which, indeed, in 
strict legal language, the term is exclusively applied—are marriage 
settlements; and these may be either such as are made previous to 
and in consideration of marriage, or subsequent to it. 

Settlements of property are frequently made by will, with reference 
to an existing or future marriage, The forms and contained 
in such instruments are, of course, often very similar to those in deeds 
made for like purposes, But dispositions of this kind are to be regarded 
in all reépecta as wills, and are governed by the same rules as other 
instruments of the like nature. [Wut] 


Settlements in consideration of marriage include not only such as are 


actually made and executed before murriage, but also such as are exe- « 


cuted after marriage in pursuance of articles in writing drawn up and 
signed before marriage. 
1. First, as to the specific performance of articles and agreements to 


settle a _ 

In Equ ity, no regard is paid to the form of marriage articles, and 
the construction of them depends entirely upon the intentions and 
objects of the parties. 

Vhen the intended husband and wife are both of full age at the 
time of the marriage, they are of course competent to enter into 
agreement for the settlement of their yy ay g estates, and all su 

ents will be enforced in Equity; but if the parties are one or 
both of them minors at the time, the case is different. 

When the husband is adult and the wife a minor, if the subject be 
real estate of the wife, the husband will be bound by the in 

t of his marital interest in the lands; that is, for the estate 
which he takes during the joint lives of himself and his wife, and as 
tenant by the courtesy if he survive her and there have been issue of 
the marriage; but the wife will not be bound by them; and, if she die 
during infancy or after attaining majority, but without having con- 
firmed the settlement in the mode prescribed by the law for disposition 
of real estate by married women, her heir will take the property unfet- 
tered by the articles. Again, if, in the case supposed, the property be 

malty of the wife (which, in the absence of a settlement, would 
ome the property of the husband), the articles will be valid as 
respects both husband and wife, being, in effect, the settlement of the 
husband. And this is true also as to chattels real and choses in action 
which become reducible into possession during the coverture ; but, as 
to property already settled to the separate use of the wife, and choses 
in action which do not, in event, become reducible into p i 
during the coverture, the wife will not be bound by the articles. 

If a male infant an adult female, he is bound by the articles 
entered into by her for the settlement of her estate, and must execute 
them when he comes of age, whatever be the nature of the property ; 
but as to his own estate, he will not be bound by them. 

When the husband and wife are both minors at the time of the 


marriage, the articles are absolutely null as respects them, unless con- — 


firmed after the attainment of majority. In such a case a confirmation 
of the articles by the wife must be express, and made in the same 
manner as any other alienation of property by a married woman; but 
confirmation on the part of the husband will often be implied from 
circumstances, such as the acceptance by him of any property. under 
the articles. 

It has sometimes been thought that the consent of parents or 
guardians, and the sanction of the Court of Chancery; might give effect 
to settlements of their property by infants, which would not have been 
otherwise binding; but it may now be considered as settled that there 
is no foundation for such a doctrine. 

Marriage is regarded by the law as a valuable consideration, and will 
support a covenant entered into by a third party to settle 
upon the husband and wife and their issue, whether the settlor be one 
under a natural obligation to make a provision, as in the case ofa 
parent, or merely a stranger; and such a covenant will be enforced not 
only against the settlor himself, but against his heir, devisee, or 
personal representative. 

Settlements made after marriage, when no valuable consideration 
(that is to say, no consideration in money or property) is given for 
them, are generally called, in contradistinction to those made upon 
pre, voluntary settlements, and the persons who take under them 
are called volunteers; though, as such settlements may have good con- 
siderations to support them, the application of the term is not always 
strictly accurate. By a good consideration, as distinguished from a 
valuable one, is here meant that love and affection which is naturally 
supposed to subsist between near relations, such as parents and 
children, brothers and sisters, uncles and nephews or nieces. 

noeeite Berea of voluntary covenants to settle property will 
be enfo: in Equity only in favour of those persons for whom the 
covenantor is under a natural and moral obligation to provide; that is 
to say, in favour of his wife or children, but not in favour of any other 
class of volunteers, If, however, any valuable consideration has really 
been given, either by the person who, by himself or his representative, 
claims execution of the articles,or by a third person, in favourof the object 
of the limitation, specific performance will be decreed, and no objection 
can be made on account of want of relationship between the parties; 
and, for this purpose, it is sufficient if the fact of a consideration being 
given can be inferred from the circumstances, Though a person whose 
claim is not supported by a good or valuable consideration cannot him- 
self compel the execution of articles in his favour, he may yet have the 
benefit of a suit instituted by another; for in decreeing specific per- 
formance, the court executes the entire articles, though they may 
embrace limitations to persons in whose favour it would not have 


originally interfered. 
2. Next, as to the validity of marriage settlements against creditors 
being a valuable consideration, the circumstance of the 


and purchasers, 
settlor being indebted, or even insolvent, at the time of the execution 
of the settlement, can have no effect on its validity, even though the 
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persons who have the benefit of the:settlement should have full notice 
of such insolvency. A conveyance or assignment of property in con- 
sideration of marriage stands on the same ground with a sale for money, 
which is not affected by the insolvency of the vendor. If, however, 
the settlor be a trader, and a fiat in be issued against him 
prior to the execution of the settlement upon which he is afterwards 
duly found a bankrupt, such settlement, like all other conveyances of 
the bankrupt under the same circumstances, will be void; and it would 
seem that a settlement must in all cases be void as the wife, 
if she had notice of a prior act of bankruptcy, and a petition be filed 
within twelve calendar months after such act of bankruptcy. (2 & 3 
Vict. ¢. 11, 8. 13.) 


The marriage consideration does not extend or give the character of 
purchasers to all in whose favour limitations may have been 
introduced into the settlement. In relation to any other persons than 


the husband and wife and the issue, the settlement is, it seems, to be 


to voluntary gifts and covenants. 

Settlements made after marriage, it is obvious, can derive no support 
from the consideration of marriage, and their validity or invalidity must 
therefore depend upon other circumstances. 

A postnuptial settlement by the husband, of any species o oeetr 

le in uence of a valuable consideration moving either from 
the wife , who gives up an interest that she possesses in property 
over which she has a disposing power, or from her relations or friends, 
is good against all persons whatsoever, if the consideration be not so 
inadequate as to raise the presumption of fraud. And even in case of 
inadequate consideration, the settlement, it seems, will be good to the 
amount of the consideration. It is sufficient if the consideration, 
secured. Contem: settlements 


other ; and it seems that parole evidence of consideration is admissible, 


( against those persons, their heirs, 

successors, executors, &c.) to be clearly and utterly void, frustrate, and 

, colour, feigned consideration, expressing 

other matter or thing to the contrary ee: 

t to extend to any interest or estate * 

good consideration and bond fide, to any 
ving at the time of any such conv 
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subsequent ane for money or other good consideration ; “ any 
pretence, ur, feigned consideration, or expressing of any use or 
uses, to the contrary notwi ing.” There is a saving of all con- 
made upon good consideration and bond fide. It also makes 
bis ym the same persons, all conveyances “ with any clause, 
provision, article, or condition of revocation, determination, or alteration 
at (the grantor’s) will or pleasure,” whether such clause extend to the 
whole interest conveyed, or only partially affect it; but then follows 
a proviso “ that no lawful made bond fide, and without fraud 
Soneidaestion’ shall be impeached or impaired 
This statute has been construed to extend to 


uence of this is, though probabl tended by the framers 

of the Act, that it is impossible to an irrevocable free gift of 
lands or tenements. 

The statute 27 Eliz. c. 4, does not ly to estate. It 

has been on this act, by to the determination on 


grantor. consideration menti in and the 

statute must be a valuable consideration (that is to say), oe haat 

perty or marriage consideration. The consideration of blood has no appli- 

cation to either of these statutes, and therefore a conveyance made in con- 
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i | settlement is made on marriage), to one or both 


sideration of “ natural love and affection,” as in the case of a postnuptial 
settlement upon a wife and children, is considered,.for the purposes of 
these statutes, as voluntary. It has been decided, however, that a hus- 
band, having made a voluntary settlement on his wife and children, has 
no equity to compel specific performance of his contract with a subse- 
quent purchaser; but he can sell the property which he has so settled, 
and the purchaser will have a good title, and can enforce performance 
of the contract for sale, if the husband should refuse to convey the 


property. 

By stat. 21 Jac. L., c. 19, all. voluntary settlements of traders were 
invalidated by their bankruptcy, though they might have been solvent 
at the time of making them ; but the stat. 6 Geo. IV., c. 16, s. 73, and 
12 & 13 Vict., c. 106, s. 126, placed the settlements of traders on the 
same footing with voluntary alienations in general. 

Property cannot be settled so that the interest taken by any person. 
under the settlement shall be unaffected by his bankruptcy; but it 
may be given to a man until he shall become bankrupt, provided there 
is a gift over of the property on that event. In the same manner the 
pours coming from the wife may be settled on the husband so as to 

devested on his bankruptcy. But when the property is the hus- 
band’s own, it has been determined that, though the claims of the 
husband's creditors might have been defeated by a trust of the whole 
for the separate tae of the wife, a limitation of the property to the 
husband until his bankruptcy, with a gift over in that event to the 
wife or any other person, is void. Upon the same principle, a bond or 
other obligation given by the husband upon his marriage, conditional 
for the payment of a sum of money to trustees for his wife and children 
in the event of his bankruptcy, is void as against his creditors who 
claim under the fiat or adjudication, if he has received no portion 
with his wife; but if he has received a portion with her, the obliga- 
tion, being considered so far as a settlement of the wife’s property, will 
be good against the creditors to the extent of it. 

3. As to secret settlements and agreements in fraud of the marriage 
contract. 

Secret settlements of her property made by the wife pending the 
treaty for marriage, without the privity of the husband, are void as 
against him, if made in derogation of his marital rights; and this, it 
seems, is equally true, whether the husband knew of the existence of 
the rty before the marriage or not. The rule applies to every 
Species of gratuitous incumbrance created by the wife upon her pro- 

PT vat th general 1 hich 
e courts of equity, upon the principles on which they act 
in cases of fraud, will nr aside all secret covenants or perf 
entered into contrary to the good faith of the marriage treaty, and not 
with the privity of all the parties to the settlement. Relief in such 
cases will not be refused even to a person who was a party to the frau- 
dulent transaction of which he complains. 

Upon the same principle, if a creditor or holder of any security or 
charge on the estate of one who is engaged in a treaty of lage, 
misrepresent the amount of his debt or incumbrance to any of the 
parties to the contract, whether for the pur of promoting the 
marriage, or for any other P opty he will bound by such mis- 

tation. Money whi Bessy been lent to a woman for the pur- 
of being represented as own, cannot, after the marriage, be 
cals as a debt from the husband. 

4, Settlements of real property usually consist of limitations of an 
estate or estates for life to one or more persons, that is (where the 
ts and the sur- 
vivor of them, with remainders over to their children. This is what 
is called a limitation in strict settlement. By this method the estate 
is rendered inalienable till the eldest son of the marriage attains the 
age of twenty-one, when he can join with his father in barring his own 
estate tail and all the remain over, whereby a new estate in fee 
simple is acquired, and the property may be settled again. [Pruso- 
GENITURE ; ReMAINDER.] This was formerly effected by means of a 
common recovery [Recovery], but it is now effected by a deed exe- 
cuted under the provisions of 3 & 4 Wm. IV.,c.74. By this act fines 
and recoveries are abolished, and the objects of these old modes of 
assurance are now obtained by a deed which must be enrolled in 
Chancery within six months after its execution. As, before this act, 
a tenant in tail it on a particular estate of freehold could only 
have barred his own issue by a fine [Fr], unless he could obtain the 
concurrence of the owner of the. particular estate in sutfering a 
recovery, so, under the new act, his power is equally limited, 
he can obtain the concurrence of the owner of the first existing estate 
under the settlement (whether it be for life or lives, or any greater 
estate, not being an estate for years) prior to the estate tail, who is 
called the protector of the settlement. The act contains several pro- 
visions for the purpose of ascertaining who shall be protector in the 
cases of joint ownership, coverture, and the existence of estates for 

or in dower; and it provides for the cases where the protector 
is a lunatic, or convi of treason or felony. The act also gives the 
settlor power to appoint by the deed a protector of the settl it, in 
lieu of the person who would otherwise have been the protector. The 
consent of the protector must be given either by the deed of assurance 
or by a separate deed, which must be enrolled in the same manner as 


the assurance itself. The same act repeals (except as to settlements 


made before the 28th of August, 1833) the statute of 11 Hen. VIL., 
De 
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©. 20, whereby women who were seised of estates tail of the 
of their husbands (ec provisione viri) were prohibited from alienating | 
them 


Tho estates limited in settlements of real property may be either 


or equitable. [Usts. 
Mica Cuhtath nthe to be created upon real estate, as for 


jointures or portions for children, it is usual to limit terms of years 
ery the estate to trustees for securing payment of the charges by 
perception of the rents and profits, or by sale ar sects of the 
estate for the periods so limited. These terms are i at proper 
laces in the settlement, according to their objects, among the other 
imitations; and such limitations as are | ate <a ree ~~ = 
years in the order of arrangement, are made subjec em 
point of legal and equitable interest. It is usual to provide that the 
terms shall cease when their objects are accomplished or become un- 
or incapable of taking effect. : 

Estates for lives and terms for years are incapable of being entailed ; 
but they, as well as personal property of any kind, may be settled in 
trust as effectually, and so as to be inalienable for as long a time as 
estates of inheritance. The property in such settlements is usually 

igned to trustees in trust for the husband, or for the husband and 
wife for his or their life or lives and the life of the survivor; and then 
in trust for the first and other sons severally, and the heirs of their 
bodies. This limitation vests the absolute interest in the eldest son, 
who will be entitled to dispose of the property upon his ai the 
age of twenty-one; but in order to provide for the event of the eldest 
son dying under age and without issue, in which case his interest 
would otherwise vest in his father, if alive, as his heir or next of kin, 
it is usual to introduce a proviso that the property shall not vest 
absolutely in any son dying under the age of twenty-one years and 
without issue; and it has been determined, that, in construing settle- 
ments of both real and personal property, when the real estates are 
limited in strict settlement, and the personal property, according to a 
form frequently adopted, upon and for the same trusts, estates, and 

a as the freeholds, as far as the law will permit, a proviso of 
The kind above-mentioned is to be understood. 

There is no restriction as to the number of life estates which may 
be limited in settlements to take effect in succession, provided the per- 
sons be all in existence at the date of the settlement; for, in t 
of fact, this amounts to no more than an estate for the life of the 
survivor. 

Thus it appears that real or personal property may be settled so as 
to be jnalizuable for a life or any number of lives in being, and 
twenty-one years after. To this must be added a period of nine 
months, which is allowed for the birth of a posthumous child in cases 
where gestation exists. As the period of twenty-one years was no 
doubt adopted originally with reference to the term of aod 
which must elapse before an estate tail could be barred, it was formerly 
thought that this period could not at all events be added to an 
executory trust; but it is now settled otherwise. All restraints on 
alienation beyond the above-mentioned limits are void, as tending to 
what is called in law a perpetuity; and all the subsequent limitations, 
if contingent, are also void. The same rules are applicable to execu- 
tory devises, and springing and shifting uses [W1nts; Uses]; but not 
to remainders limited to take effect after estates tail, which are not 
subject to any restriction; because, as such limitations may be 
defeated at any time by barring the estates tail, they can have no ten- 
dency toa ity. 

The forms of settlements may be varied according to the objects 
and intentions of the parties, and the construction of the articles 
upon which they are founded. The principle upon which a Court of 
Equity acts in executing marriage articles, is to look rather to the 
intentions of the parties as deducible from the circumstances, than 
to the literal meaning of the words employed by them. Thus, when 
the words used in articles concerning the settlement of real estate are 
stich as would give the father an estate tail, and thereby enable him 
to defeat the settlement, the court will in general direct limitations in 
strict settlement to be executed, under which the father will take a 
life estate only. Upon the same principle, even though a deed of settle- 
ment has actually been executed after , if it appear to be in 
any respects inconsistent with the'letter or spirit of the ante-nuptial 
articles, the court will rectify it. 

Questions frequently arise as to what hte covenants, and pro- 
visos are to be Introduced into its made in pursuance 
of executory trusts, whether created by articles, wills, or other instru- ) 
tents, The determination of these depends entirely upon the rules | 
of construction as applied to each particular case. | 

Of the powers usually introduced into settlements of real estate, | 


ift | of joihture, which the nature of their estate would not have other- 


wise entitled them to do. Powers of B iegrrester 9 and powers for 
charging the estate with portions for benefit of the younger 
chil of the then existing or a future marriage, will not, it seems, 
be inserted in settlements executed under the direction of a Court of 
Equity, without clear authority for them in the articles; for without 
such authority the court can have no data by which to regulate the 
quantum of interest to be taken by the donees. 

Powers of leasing for the usual term of twenty-one years are easen- 
tial to the management of an estate, and be- considered as 
authorised by the use of the most general expressions in the articles ; 
or peters eer as a matter of course; but a power to grant 
bui iding leases will not, it seems, be implied without express 
authority. 

pi bere a usual powers in 
a settlement, authorised e use of very slight expres- 
= —_ articles. a 4 4 

n lements of personalty, where the is assigned to 
trustees, they are empowered to invest and lay out the funds, and also 
to vary the securities from time to time. After the declaration of 
trusts for the husband and wife and children, such settlements ayy | 
contain powers of providing for the maintenance, advancement, 
education of the children who are or may become entitled to shares in 
the funds under the preceding trusts.* P 

Settlements both of real and personal estate usually conclude 
with what are called trustee clauses, that is to say, clauses which 
enable the trustees to give effectual receipts; to provide for the 
appointment, when needful, of new trustees; for the indemnity of 
the trustees against involuntary losses ; and for the payment of 
ex 

settlements sometimes contain covenants to settle par- 
ticular lands; covenants to settle, or to purchase and settle lands 
of a certain value, or future real estate ; covenants to settle present 


or future personalty ; and covenants by parents, on the marriage of one 
of their children, to leave to that an equal or some proportionate 
share with the rest. 


The covenant to settle particular lands of course binds heirs, devi- 
sees, and all into whose possession the lands come, except a purchaser, 
for valuable consideration without notice; and, in case of the lands 
being so alienated, satisfaction may be claimed out of the general assets 


o quentner nied ne 
Questions frequently arise upon covenants to settle, or to purchase 
and settle lands of a pattioutir value, as to what amounts to per- 
formance. On this point the following positions appear to be esta- 
blished :—1. Where the covenantor has no lands at the time, any 
rchase he may afterwards make will be to have been made 
ursuance of the covenant; 2. It seems, though there are confli 
authorities gee the point, that if the covenant be ¢o settle, and the 
covenantor, having at the time lands adequate to the performance of 
the covenant, die without any purchase, the lands which he 
had at the time will be bound to the extent of the covenant; 3. Where 
the covenant is to purchase and settle, it seems that no lands of which 
the covenantor is seised at the time will be affected, but all after-pur- 
chased lands will be affected to the extent of the covenant. 
Covenants to settle future real estate of which the hus' 
become seised during the aa or during his life, do 
lands of which the covenantor is then seised, but extend to all 
acquired .lands, even to such a8 come to the husband under the pro-. 
visions of the deed as settlement, i: me 
Covenants to le present or future personalty are considered as 
ital only, not to income, If real estate should have 
with the personalty subject to such a covenant, 


aE 


the rest, attach only upon that — of the settlor’s property which 
may rohan otto Yims OF his Sesth, parent may therefore make 


such a covenant is confined to children living at the death of the 
parent. 

5. Marriage is not an absolute gift to the husband of the wife's 
personal estate, but only entitles him to so much of it as he yo Sows 
reduced into possession, assigned or released during his e. 
Accordingly, questions uently arise upon settlements as to the title 
of the husband, under them, to the whole of his wife’s fortune. 
Upon this point the following propositions appear to be established :-— 


the most important are—powers of joi and raising . | 1. The antenuptial settlement of property made by the husband upon 
tions; powers of leasing and rmatguane} powers of dais anid the wife, in consideration of her fortune, entitles him only to her then, 
: Soe te en tenn ee ee 

Where the wife, upon whose the settlement is made, does | fortune to have been stipulated for, the residue of what she 


not take a life interest in the estate in the event of 
husband, provision is usually made for her by way of jointure in bar 
of dower. [Joixtunk ; Dowen.] In addition to this, powers are 
frequently introduced to enable the husband, in case of his surviving 
his wife, and yer hes again, and sometimes also the other tenants for 
life under the ent, to make provision for their widows, by Way 


her | then has, or what may afterwards acerue to her, will not belong to the 


husband; 8, That when it from the settlement, either ex- 
pressly or by implication, that the agreement was for the whole of the 


* Similar clauses are contained in setilementa of real estate, Where there are 
trusts for raising portions, ° 
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wife’s present and future personal estate, the husband, or his personal 
representative (in case of his predeceasing his wife), will be entitled 
to claim the whole under the contract. 
1e the husband has not entitled himself by contract to the choses 
in action of the wife, there is no bar to his getting possession of such 
of them as are recoverable at law; but if he require the assistance of a 
Court of Equity for the recovery of them, and the wife does not con- 
sent to his obtaining the whole, that court will not lend its aid, except 
upon the terms of the husband's ing a proyision for the wife and 
her children, by way of settlement, out of the fund. Most frequently 
Gf thas trad i directed t0 be aetiied, tnt the proportion given 
gave Spends upon the circumstances, though it never amounts 
rules of the Court of Equity in directing settlements 
equitable choses in action are the same, whether the 
is made by the husband himself or by his creditors. 
of the wife’s equitable choses in action, when made by 
no less valid against his creditors than when made 
the direction of the court; and even a settlement by him of the 
which the court would not have directed, in some 
valid against his creditors; though the decisions in 
seem hardly consistent with the law as laid down under 
should be added, that now by the stat. 20 & 21 
woman is empowered to release, with the concur- 
ity to a settlement in property to which 
be entitled under any dated subsequently to December 
ip to See 
a 
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of reversionary interests under such settle- 

t these enactments do not interfere with the principles 

above stated. (Separate Use; Bright on Hushand and Wife. 

in music, a dissonant interval, of which there are three 
ordinary seventh, from G to ¥; the diminished 

seventh, from c sharp to B flat; and the major or sharp seventh, from 


the chord of the seventh, its inversions and treatment, see 


its original acceptation, the word Sewers meant 
the banks, or sea-weirs, erected for the 
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comparatively speaking high level into a natural water 
ores (whence the old synonym 
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and the modern sense of the word sewer is so universally received, that 
remarks, it will be exclusively so employed ; or, in 
it-will be in the sense “of an 


, in 
VILL (or in 


on this political part of the questions connected 


with the execution of public works, it is to be observed that ultimately, 
about the year 1834, there were no less than eight separate com- 
missions entrusted with the superintendence of the sewerage and 
drainage of London; and so great were the evils then found to result 
from the variety of practice tolerated by the different boards, and from 
their discordant jurisdictions, that at last, after many efforts, the local 
boards were suppressed, and in 1848 the “ Metropolitan Commissioners 
of Sewers” were pepanted with extensive powers over the whole of 
the Metropolis. A few years later the management of the sewerage 
of the Metropolis was transferred to the Metropolitan Board of 
Works instituted by the Act of 18 & 19 Vict. c. 120 (passed 
14th August, 1855). The sewerage of the provincial towns of 
England is now either left under the control of the local paving 
and ining commissions, or of the municipal corporations acting 
under special acts of iamént; or it is carried on under a species 
of government superintendence, under the powers of the Public 
Health Act, 11 & 12 Vict. c. 63 (passed 31st August, 1848), which has 
been limited by the passing of some subsequent acts, such as the Act 
of 1854, and the local government act of 1858. In France the 
administration of the laws reqalsting the Egouts remains under the 
control of the Department of Public Works, and the Municipalities 
have practically no power over the matter. 

Until a very recent period, the subterranean channels of London 
were exclusively used as drains for the removal of surface, subsoil, and 
ordinary house waters ; and the discharge “ of any filth or soil into an 
common, or public drain, or sewer” was even, by the Act 57 Geo. HL 
¢, 29, made punishable by a fine. Subsequently to that period, how- 
ever, the universal application of the water closet system has forced 
the various authorities connected with the sewers to tolerate in the 
first place, and finally to regulate, the discharge of the excreta of the 
inhabitants of towns into the sewers. To such an extent does this 
now take place, that the modern use of those subterranean channels” 
has become of infinitely more importance than the original one, and 
the word “ sewerage,” or sewage, has been invented for the perers of 
expressing the waters bg st bee for the removal of house re: of the 
description alluded to. Unfortunately the legislature has hitherto 
neglected to direct its attention to the evil produced by the new 
system, by thus discharging, eventually, the whole of the town refuse 
into the natural water courses of the country; and though no doubt 
many of the details of the sewerage of our towns have of late years 
been much improved, much still remains to be done, not only for the 
purpose of securing the purity of the rivers and streams, but also for 
the useful application of the fertilising matters now so sadly wasted. 

One advan’ appears to have resulted from the discussions 
which have taken place with respect to the legislative, administra- 
tive, and executive measures required to meet the case of the metro- 
politan sewerage, namely, that at last many of the exclusive theories 
propounded by the admirers of hydraulic engineering, as it is not 
practised by eminent hydraulic ineers, have been set aside; whilst 
all that was good in the technical modes of operation introduced by 
this new school has been retained. At the present day the principles 
most generally admitted as being applicable in designing a complete 
system of town sewerage may be stated to have been elicited from the 
discussions thus referred to, and to be as follows, in all normal cases at 
least, It must, however, be understood that they are based upon the 
supposition that the town in question is in a thriving condition, and 
likely to double its population in fi ears; that its relief is such as 
to afford tolerably favourable rates of inclination in the main sewers ; 
and that there is a good water supply to every house. The rain-flow 
to be provided for from the paved and non-absorbent parts of the town, 
may be taken at about 4 inch in 24 hours if proper storm overflows 
can be obtained; that from open gardens, cultivated lands, &c., ma; 
vary ing to the nature of the soil, from } inch to 4 an ine! 
per day Under-ground springs must be allowed for, if they should 
exist fa any serious quantities, as is frequently the case in towns 
situated upon the outcrop of a geological stratum, or upon a bed of 
permeable materials surro' by high lands able to drain into 
them. In some cases, the latter condition may even require that a 
system of in ing, drains should be formed, so as to isolate the 
area of the town the hydrographical basin surrounding it, and to 
confine the sewerage operations to that especial purpose. 

These conditions premised, before settling the dimensions of the main 
sewers, it is to divide the town into sections corresponding 
with the great physical divisions of the district, and to ascertain for 


period, | each of the latter : 1, the area to be relieved ; 2, its actual and prospec- 


tive population; 8, the amount of the house sewerage it would be 
likely to furnish (this is usually at the rate of 5 or 7 cubic feet per 
individual, and it is found that at least one-fourth of that quantity is 
J between the hours of eleven and one, so that it is advisable to 
calculate the house sewerage at nearly 1 cubic foot per head per hour) ; 
4, the rain-flow ; 5, the length of the sewer, and the inclination it would 
be ible to give to its invert, because the two last named conditions 
will affect the dimensions of the cross section. As to the house sewers, 


e | it is useless to attempt to a erste area and fall to the quantity 
9 


of waters they may it has been found practically that 
the public in general is so careless in its manner of treating those sewers, 
that anything less than a 6-inch pipe drain will infallibly be choked 
within a yery short time, So long as the pipe drains thus referred to 
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run under the houses themselves, they should be jointed in cement, 


and under all circumstances-they should be without junctions at right 
an The highest point of the sewer should be laid, if possible, at 
2 feet at least below the lowest pe of the basement story it is in- 
tended to drain ; and it would be to make the longitudinal fall 
about 1 in 65; the house sewers should be made perfectly impermeable, 
and if any land springs should to ocour in the surface occupied 
by the house they should be carried off by a special system of drains, 
In order to against the flooding of basements, by any accidental 
accumulation of waters in the main sewers, it is desirable that the 
connection between them and the house sewers should be effected at a 
small height above the upper line of the invert of the main sewers ; 
but care must be taken to prevent the formation of eo ae or of 
any obstruction, able to produce a deposit near the point of junction. 
i utions must be taken to trap all communications with 
the sewers which might otherwise admit the escape of gases into the 
house; all rain-water pipes should discharge their waters into the 
upper ends of the sewers, if possible ; and under some circumstances the 
rain-water pipes may be made to serve as ventilators to the sewers, 
when their joints are remarkably well made, and the heads are fixed 
above every opening of the house. One of the favourite theories of 
the late General Board of Health was to the effect, that what was then 
called “ combined back drainage” (or the connection of a number of 
small house sewers at the back of the blocks of houses, with other 
emall sewers of an area barely sufficient to discharge the united 
amounts of sewerage), was the cheapest and best method of removi 
those waters; but so many serious inconveniences have been foun 
practically to attach to thi , that at the present day it is 
abandoned, and the house sewers are almost always carried 
i from each house into the main sewers in front of them. 

In execution of the street sewers (the sub-mains, in fact, of the 
sewerage of a town), care must be taken that their dimensions should 
be sufficient to carry off any occasional storms; that means should 
be provided for the easy examination and repair of the works; and 
that no obstacle should be presented of a nature to provoke a deposit 
of the matters brought from the houses, or from the streets themselves. 
The junctions of the house sewers should be made with curves of 
considerable radius; the surface waters from roads and streets must 
be received in trapped cesspools, so constructed as to intercept all 
solid matters, and to collect the fine mud washed from those surfaces 
in an available form, because it is often of commercial value as a 
manure; the ventilation of the sewers must be effected in such 
wise as not to inconvenience the dwellers in the neighbouring houses, 
and for this purpose it is preferable to insert ventilating holes in 
the middle of the roadway, whilst the side gullies should be care- 
fully trapped; and side entrances with flushing gates, or other 
machinery, must be provided according to the local iarities 
of the sewer. The principles which regulate the size and the materials 
of street sewers are, firstly, that the smallest ible frictional area 
should be presented to the flowing current, and that the water should 
flow without being under pressure; secondly that the actual channel 
for the sewerage should be impermeable, but there are some cases in 
which it is actually desirable that the sewer should give free passage 
to the land waters at levels above the line of their own maximum 
flow. Now of all forms of cross section, a semicircle is the one which 

its the smallest frictional area; and it may be laid down as a 
Ne that, in most cases, the impermeable cylindrical stone-ware pipes 
are the best materials which can be employed for street sewers, pro- 
vided their dimensions are not Bes 5 to exceed 2 feet in diameter ; 
beyond that diameter, however, it is difficult to obtain pipes of a 
sound character, and they become more expensive than brick culverts 
ofthe same area. here is another consideration which also requires 
to be taken into account, in cases wherein the diameter of the water- 
course exceeds 2 feet, namely, that it frequently becomes necessary to 
cleanse them by hand labour. A man can crawl through an oval 
channel 2 feet wide by 2 feet 6 inches high, so that those dimensions 
may be taken as the minima ones for street sewers in districts where 
it would be difficult or objectionable to open the roadways; and 
sewers of such forms are far more conveniently made in brickwork, 
than in stone-ware La we Brickwork sewers, moreover, present the 
advantage of allowing lateral junctions to be made more easily than 
would be the case with stone-ware pipes. The sizes of street sewers 
usually adopted, when the requisite dimensions exceed an area equal 
to that of a semicircle of 2 feet in diameter, are (the transverse section 
being now made of an egg shape) either 3 feet 3 inches deep, by 2 feet 
wide at the minor axis; 4 feet, by 2 feet 6 inches; 4 feet 9 inches, 
3 feet ; 5 feet 6 inches, by 3 feet 3 inches. The dimensions of su 
sewers as the Fleet sewer of course cannot be brought. under any 
normal law, for it drains an area of not less than 440u acres, half of 
which is covered by houses, and has been known to run with a stream 
of not less than 106 feet superficial area. The best velocity of the 
flow in street sewers is about 1} to 2 miles per hour, and the rate of 
inclination of the bed should as far as possible be made equal to 
1 in 240; below that inclination it becomes necessary to flush the 
sewers from time to time, in order to keep them clear. The junctions 
of street sewers with one another should be made with their centre 
lines of invert on the same level; the junctions of these sewers 
with the main sewers should, however, take place so that the centre 


line of the latter should be a few inches below those of the branch 
sewers. 

As frequent allusion has been made to the land waters it is often 
requisite to remove by the means of sewers, it may be as well to 
observe that unless drains should be laid down for the express ed oy ta 
of relieving the subsoil of those waters, or unless there exist 
some natural outlet for them, the main and sub-main sewers should be 
made either with inlet holes or of partially permeable materials above 
the level of the ordinary storm flow of the sewerage. Sufficient 
attention is rarely paid to this condition of the soil of sandy or of 
gravelly districts, and it frequently happens that, in towns wherein a 

system of house sewerage exists, the basements are flooded by the 

d waters, because the latter cannot find their way into the imper- 
meable main sewers, When the feeding grounds, so to speak, of the 
springs are extensive, the best course certainly is to execute an inter- 
cepting drain, so as to separate the inhabited area of the formation 
from the open soil of the country. An instance of the evil thus 
alluded to is to be found at Southampton, and another in the quartier 
Montmartre in Paris; and in both of them the inundations of the 
basements, after long-continued wet weather, are often productive of 
serious evils. Perhaps it may be desirable to cite, as an additional 
reason for preferring the construction of a special system of intercepting 
or land drai for the removal of the springs, that when they are 
removed by the agency of the sewers there is a possibility that the 
foul waters flowing in the latter may permeate the land around them 
at certain seasons. As a general principle it would unquestionably be 
preferable to confine the drains and sewers to their respective functions ; 
but in this, as in all cases connected with peace ere jocal 
considerations may often render it prudent to modify absolute theoretical 
laws. It is worthy, however, of especial remark that the formations 
which are thus exposed to become with underground waters, 
are characterised by the frequency and the violence of the typhoidal 
fevers which prevail amongst the town populations located upon them. 
As a sgnitary measure, the drainage of such lands is nearly as important 
as the sewerage of the houses and streets can be. 

The main drains of a system of town sewerage are of course to be 
calculated as to their dimensions upon the same principles as the sub- 
mains ; that is to say, they must be proportionate to the area, the rain 
flow, and the amount of sewerage, to be dealt with. The waters 
coming into the mains are usually animated by a velocity rather in 
excess of the one which would be requisite to maintain the rate of 
flow necessary to preserve a clear channel for the larger volume of 
water in the united stream; and from the ordinary laws of hydro- 
dynamics it follows that the inclinations of the main sewers may with- 
out inconvenience be made less than those of the sub-main sewers, It 
is, however, desirable to keep the inclinations of the former at least 
at the rate of 1 in 500, though occasionally when great facilities for 
examination and repair may exist, that rate may be reduced, without 
serious inconvenience, to 1 in 1000, Great precautions are required 
in the construction of main sewers to secure an efficient ventilation ; 
and, wherever it is possible so to do, storm overflows should be pro- 
vided. This latter precaution of course can only be adopted when the 
discharge of the contents of the main sewer takes place by gravitation ; 
if the discharge should take place by artificial means, it will be found 
necessary to construct the main sewers of dimensions able to contain 
any occasional accumulation of storm waters. 

Hitherto the final discharge of sewerage waters has been effected by 
merely pouring them into any natural water-course, to the great injury 
of the latter, and to the great disgrace of the authorities who 
to watch over the sani interests of the count It is true that 
some very earnest attempts have been made to apply the sewerage to 
the pi of agriculture, both in a solid and in a liquid form ; and 
it is equally true that hitherto those attempts have not been successful 
in a commercial point of view. Nevertheless, the importance of the 
subject, as proved by the gradual contamination of the Thames, for 
instance, is so great that no mere money considerations ought to be 
allowed to stand in the way of the compulsory application of some 
efficient measure for the deodorisation and purification of town 
sewerage before its discharge into any superficial water-course, The 


= 


experiment tried at Leicester, of are gene the solid matters from — 


the sewerage, has proved at least that the operation can be effected at 
a moderate rate per head of the inhabitants of a town ; the results of 
the Rugby and Watford mr se of pouring the sewerage in a 
liquid form over agricultural lands, although far from successful up to 
the present, have not been of a nature to discourage further attempts 
to dispose of that fluid by irrigation, especially in agricultural districts. 
In the case of Rugby the sewerage is distributed, over a mixed area of 
arable and of pasture lands, by a system of cast-iron pipes and move- 
able hose, which has necessarily increased the first cost of the distri- 
buting apparatus and of the subsequent working; if, instead of these 
costly follies, the sewerage had simply been pune? up to a high level, 
and a surface irrigation by gravitation had thence effected, the 
results would in all probability have been very different from those 
which were actually obtained. 

Some idea of the importance of the sewerage works lately executed 
in England may be formed from the facts that there is now hardly a 
town wherein they do not exist in a more or less perfect form; 
and that the average cost has latterly been at the rate of at least 10. 
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per head of the population of the towns, The average sewers-rates 
of well-drained towns seem also to be about 2} per cent on the rental of 
the 


houses. 
It may be added that in the London sewerage there appears to be 
about 1 ton of solid matters to every 266 tons of water; but 
in very unfavourable cases the proportions of solid to liquid may 
increase to 1 in 96, or even to 1 in 36; the proportion of 1 in 66 is 
considered to be the largest which is consistent with the safe working 
of pipe sewers, in which the fluid can move with a velocity of 3 feet 


second. 
P*(Conmult ‘Reports of Health of Towns Commission, and the various 
Blue Books on the London Sewers ; ‘ Transactions of Civil Engineers ;’ 
* Annales des Ponts et Chaussées,’ &c.) 
SEXAGESIMA, the second Sunday before Lent, or the next to 
Shrove Tuesday; so named, as being, not exactly, but about the 
sixtieth day before Easter. Brady, in his ‘ Clavis Calendaria,’ vol. i., 


175, says, “The name of the first Sunday in Lent having been 
ae oe of Quadragesima, and the three weeks 


ig 
particular, brought this method into use in 
matters, and their successors Le cepiadrea srg 2 
etic 
one, 4 fa 


factors p' 
pay This aided by a large sexagesimal mul! 
or 8", process was ai ya imal multiplication 
table, which may be seen in Delambre, ‘ Astronomie auaetas? vol. ii. 

is also a large sexcentenary table,constructed by John Bernoulli 
(III.), and published (or republished) by the British Board of Longi- 
There is little need to give any further account of sexagesimal 


(the sextant), a constellation which Hevelius had the 

taste to place on the back of the Hydra and at the feet of 

It comes directly between the bright stars a Leonis 

and a (or Cor) H. . There are no stars of conspicuous 

in this constellation. 

the late Profemor Higood undertook “to investigate the subject 
to in the subject. 

result will be found in the ‘ Nautical Magazine,’ vol. i., p. 351, and 

The following account is a brief outline of his inquiry. 

2 a Be ease prt gaa the cross-staff ; this was afterwards 
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In 1699, Newton exhibited an instrument to the Royal Society, which 
is described as “the old instrument mended of some faults ;” and at 
some later time he communicated to Dr. Halley a scheme for an instru- 
ment ra was oy never a but of ems. ae and 
were . Halley's papers is death in 

1742. (*‘ Phil. Trans.,’ vol. xlii, p. 155.) 
’s quadrant was proved, on 


The date of the invention Hi 
Society, to we been not later than the 


examination by the Royal 
summer of 1730. A notice of it was at a meeting of the society, 
May 27. The memoir 


13,1731; and the instrument 
“vegreig vol. ap . 147. May 
t meeting 0 e , 20, Dr. Halley expressed an 
opinion that the principle of Hi 's new instrument had been dis- 
covered and by Newton, and a search was made into the 
minutes of the society to ascertain the fact. The 
could be found 


[ 


only notice which 


* This is described in H:oke’s ‘ Posthumous Works,’ p. 503, and was pro- 
bably presented to the Royal Society in 1666. In practice, besides some other 
objections, it would have been troublesome to ascertain the index error in this 
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the following December, expressed himself satisfied that Hadley’s 
instrument was much different from that formerly invented by Sir 
Isaac Newton. It seems not unlikely that Halley’s recollections were 
of the instrument which Newton had proposed to him, and the 
description of which was found among his papers, but that he had 
forgotten the manner of the communication, and confounded the latter 
instrument with that which Newton had exhibited to the Royal 
Society. This is, we think, a very probable failure in the memory of 
a man of seventy-six, and what many younger persons experience 
daily. That Halley did not immediately see the advantages of 
Newton's latter proposal may appear a little strange; but Halley’s 
forte clearly did not lie in mechanical construction or astronomical 
observation. 

A little after Hadley’s invention,—namely, about October or Novem- 
ber, 1730,—Thomas Godfrey of Philadelphia, a glazier by trade, 
proposed and had executed an instrument which he called a bow, very 
much resembling Hadley’s earlier construction. This was described 
in a letter to Dr. Halley from James Logan, Esq., dated 25th May, 
1732. Mr. Logan had put off writing more than twelve months after 
the instrument was placed in his hands, and this neglect threw some 
doubt on the originality of the invention, which could only be satis- 
factorily established by additional evidence. After examination, the 
Royal Society came to the conclusion that Godfrey’s discovery was also 
original. We think it is clearly proved that the priority is due to 
Hadley, and that there is no pretence for doubting Godfrey’s originality. 
Some hasty writers, adopting mere hearsay for their guide, have 
attem to give the subject a national and patriotic colour, which, 
unphi hical at all times, is a simple absurdity when the contending 
parties are, as in this instance, of the same race. We have pe tried 
to give a hasty summary of Professor Rigaud’s statements and con- 
clusions, which we entirely adopt. e perusal ofthe original 
memoirs will gratify the lover of exact and discriminating research. 
Hadley’s second construction, which is incomparably superior to his 
first and to Godfrey’s bow, scarcely differs from the present sextant. 

The sextant is figured and described in almost every book of 
ion, and is so commonly to be met with that we shall be very 
the index glass, silvered behind, and 
perpendicular to the face of the instrument. It is fixed on a centre 
perpendicular to the instrument, and moyes with the index bar aB, © 
the end of which, 8, slides over the graduated are. ¢ is a plane glass, 
the lower half of which, next the instrument, is gsilvered, and the 
upper half left clear. It is called the horizon-glass, and should be 
parallel to the index-glass when the index points to 0° at the beginning 
of the are. Disa telescope for viewing the objects observed. This 


should be of good quality and with an inverting eye-piece. In the 
common its there is . ‘ pine wil 4 bat hole for 
directing the sight. Suppose a ray of light to proce’ m. the eye, it 
will proceed in the direction of the telescope; and if it falls a the 
upper or unsilvered part of the horizon-glass, it will pass forward in a 
continued straight line until it falls upon some exterior object. But if 


.the ray falls upon the silvered part of the horizon-glass it will be 


reflected to the index-glass (the horizon-glass is so placed as to make 
equal angles with lines from the eye and index-glass), and again 
reflected from the index-glass, outwards (that is, from the observer), 
until it meets some external object. Now instead of supposing the 
rays to pass from the eye, suppose them to come from external objects 
to the eye; then there will be two images bins Sa at the same time, 
one formed by the rays which pass through the unsilvered part of the 
horizon-glass, and another formed by the rays which have been pre- 
viously reflected by the two glasses; and it is easily shown from the 
elementary principles ,of optics, that when two objects are thus appa- 
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rently seen in coincidence, the angl 
of meeting is exactly double the ¢ which is contained between the 

of the index and horizon , if these be supposed to be 
prolonged until they meet, Hence, if the index be at zero when the 
glasses are parallel, and if the are be divided into half-degrees which 
are numbered and subdivided as whole degrees, the are actually read 
off, after any such observation as is here described, will measure twice 
the inclination between the Fagen (for this inclination is evidently the 
same as the angle between the parallel position of the index-glass and 
its new position), and, in consequence of the optical principle above 
mentioned, this will be the true measure of the angle between the 
objects when they are so distant that the place of the eye and the 
intersection of the rays may be considered to be the same. The 
sextant, therefore, furnishes the means of measuring the angle between 
any two well-defined objects, in whatever direction they may be placed 
(so that the angle does not exceed 140°), and without requiring more 
steadiness than is necessary for seeing the objects distinctly, # and F 
are sets of dark glasses of varying intensity, which may be turned 
before either the index- or horizon-glass when required; 6, a tangent- 
screw for giving slow motion to the index-bar; a, the reading micro- 
scope and reflector. The handle below is visible in the drawing, and 
there is a screw behind the collar of the telescope for giving an up-and- 
down motion to the telescope, which alters its distance from the plane 
of the instrument without affecting its parallelism thereto. 

The adjustments of the sextant may be divided into those which 
more properly concern the artist and those which are to be attended to 
by the observer, It should be distinctly understood that no other 
instrument requires so much care and skill in its construction and use 
as the sextant. There are scarcely half a dozen makers in England, and 
probably not double that number in all Europe, who are fit to turn out 
asextant; and though skilful sextant observers are somewhat more plen- 
tiful, they are still exceedingly rare. The fabric of the sextant should 
be strong and light. A blow which would not seriously damage a theo- 
dolet or circle, where three or more readings correct pretty nearly 
the errors which arise from such injury, would entirely ruin a 
sextant ; but while giving strength, the er must be on his guard to 
ayoid weight. Troughton and Simms’s double-frame sextants af 8 
inches radius are a very good model, those of 10 inches are too large ; 
single-frame sextants may be had of 7, 6, or 5 inches radius. All 
these sizes have or may haye the same telescope, glasses, and shades, 
Those which we have hitherto seen seem to it of some improve- 
ment in their scheme. Mr. Dollond casts his sextants in one piece of 
hard metal, which is an improvement, and very beautiful instruments 
they are, The limb of the instrument should be perfectly plane, and 
the axis on which the index-glass turns exactly perpendicular to it. 
If a purchaser is sufficiently confident in his own judgment to rely on 
that, rather than on the reputation of the maker, he should release the 
clamp, observe whether the index-bar moves easily and without shake 
along the whole arc, and also whether the vernier seems to press 
equally in évery position. The telescope should be of the best quality, 
with a large aperture and of as short a focal length as these conditions 
permit. It should show the edge of the sun and moon quite sharp 
and distinct with the highest powers employed. The index-glass is 
generally the most faulty member of a common sextant; the faces are 
not parallel, and consequently when rays fall very obliquely upon it 
(in which case those refi from the front surface are nearly as 
copious as those from the silyered back), there are two faint and sepa- 
rated images seen instead of one bright one. The artist tries his index- 
glaeses by the following test: The sun is viewed with a high power 
after very oblique reflection from the index-glass, and those g' 
only are retained in which the image is single and sharp. The rejected 
glasses find their way to the second-rate makers. The horizon-glass, 
which is smaller and on which the rays fall at a larger angle, does not, 
if imperfect, affect the images so much, but it too should be examined. 
The shades or pS cog which are either interposed between the 
— or placed 

e two 


le which they subtend at the point 


Rependions to the 
before the horizon- 


if + Ca 
matic form of the lash shade, is to be unde Geant con! 

the first shade, as well as perpendicular to the pie of sextant. 
oh me Fad enh 

examined and set ri; 
and it not be said that those which 4 yery figs 3 “4 wick 
affect the sharpness of the images, are to be rejec The ao 
now to be set at right angles to the plane of the instrument, This 
y very obliquely in the index-glass, when the edge of 
e limb or the divided arc seen by reflection will form an uninter- 
continuation to that seen directly, if the glass is perpendicular ; 


otherwise the ane will eee broken where bona Rog reflected 
images meet ; by touchi screws seen in the , this error ¢ 
be corrected. Repeating the observation at different parts of the lim, 
will show whether the axis has been set at right angles to the limb. 


the objects are first at one side and then at the other of the field of 
view. If they separate equally when at equal distances from the 
centre, the position of the telescope is correct; if not, there are 
adjusting screws in the collar which carries the telescope by which 
this-error may be corrected. For some of these latter adjustments 
mechanical means may be and sometimes are applied. The instrument 
should however comply with the foregoing tests, which any one can 


who understands the use of the i ent. 
e will now suppose an observer equipped with such a sextant, who 
wishes to make the best use of it.. Before taking a series of observa- 


If 
neither is to be seen, then bri 
sea horizon, or any distant well-defined object into contact, and the 
reading, if on the back are, is to be added, if on the forward are, is to 
be subtracted from all other observations. The sun is always to be — 
preferred when yisible, and the observation is to be repeated before or 
after correction. If the images ove laterally, that is, if the 
horizon-glass is not parallel to the index-glass, this must be eas § 
adjusted. The next caution is with respect to dark glasses, When i 

is possible (as in observing altitudes of the sun at land in a mercurial 
horizon, &c.) to make the obseryatidn with a single dark glass on the 
eye-end of the telescope, without using any shade, this should always 


be done, for the error of this dark glass does not affect the contact at 
all, and the distortion caused by it is not rangTenes, whereas any fault 
in the dark shade between the index and horizon glasses produces 
actual error in the observation, and the distortion is magnified subse- 
quently by the telescope. The images are to be brought to equal 
brightness by the screw which raises or depresses the collar carrying 
the telescope, and that with considerable nicety. In fact: 
distances of the sun and moon, or altitudes of the sun at sea, di 
shades are necessary. The fainter object is to be observed directly, and 
a proper shade interposed between the index and horizon glasses to 
reduce the two objects to something like the same brightness. The 
final equalisation is to be effected by the up-and-down motion of the 
telescope, The acc of the observation de; a good deal upon 
the nicety with which equal toning of the two i is effected : 
with a little experience this is readily learned, From the construction 
of the sextant the faint object is easily viewed directly when the 
brighter object is either above or on the right hand of the fainter, but 
not so if the bright object is to the left of the fainter, when the 
handle side of the instrument is uppermost. For these obseryations, 
the instrument should have a second handle, which may be applied 
when wanted; perhaps when the distance between the moon and a 
bright star or planet is to be observed, there may be no difficulty in 
viewing the moon , after p) a shade before the 
horizon-glass, though the t which enters the eye without passing 
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through the telescope must deaden the retina considerably. A 
blackened ecard screen slipped over the tube of the telescope would 
probably be found useful in this case, and absolutely necessary if the 
sun were observed directly. This latter observation cannot, we 
conceive, be sati ily made in any case. When the sextant is 
held in the |, it should not be tightly, as this causes 
tremor. The handle should be fitted to the observer’s hand. There 
is scarcely ever hold enough given. When observing an altitude at 
sea, there is a little difficulty in bringing down the object to the 
point of the horizon immediately under it. But as the shortest 
distance is the true distance, by running along the horizon and keeping 
the object in the field, the direction in which the object should be 
observed is easily found, and the contact made there. In observing 
lunar distances the great art is to turn the instrument round the line 
of sight exactly as if the telescope were an axis of rotation. The index 
is set to the approximate distance, and the fainter object viewed 
directly; when the plane of the instrument passes through both 
objects, the brighter will come into the field, and the contact is to be 
made wi bmg tangent-screw, or nearly so. We think it is better in all 
cases where the angle between the objects is increasing or decreasing, 
to make the contact open or close, and then try to seize on the 
moment when the contact is perfect, or the two moments when the 
contact ins and when you conceive it to end. The mean will 
probably be near the truth. All contacts must be made scrupulously 
in the centre between the two parallel wires. When the angle is large, 
inattention to this point will cause considerable error. 

On , the observations, except those of lunar distance, are 
necessarily rude and imperfect, the sea horizon is generally ill defined 
and badly seen, the dip is somewhat uncertain, and as the single 
altitude is observed, all the error committed tells upon the final angle. 


' Phe aceuracy of observation is however equal to the wants of naviga- 


tion in ordinary cireumstances, (A dip sector might be useful where 
more than usual accuracy is required.) On land, where the altitudes 
are taken from a mercurial horizon, and the sextant fixed on a stand, 
the observation is capable of great accuracy, and does not require much 
skill or delicacy in mere handling. There is one peculiar advantage in 
sextant observations, that when the mercury is quiet enough to reflect 
a well-defined image, there is no need of any further steadiness or of a 


second observer, one of which conditions is absolutely necessary in 


every other instrument in common use which is adjusted by a plumb- 
line or level. We think the capabilities of the sextant as a geogra- 
phical instrument have not been generally appreciated by English 
ae ae that few have used it with all thé profit they 
i ve done. 
mercurial horizon is a shallow rectangular wooden or iron 
trough, into which a small quantity of mercury is poured. If there is 
wind, the trough must be covered with a penthouse, the sloping 
ides of which are with plates of glass ground very flat and true. 
Any object seen in the mercury appears to be just as much below the 
eee oe as it is really above it; hence if the angle between 
any heavenly body and its reflection be measured, this angle is just 
twice the actual altitude of the body at that time above the horizon of 
the place. Suppose the altitude of the sun is to be observed in order 
to determine the time: The trough is placed with its largest dimen- 
sion towards the sun,and the roof so the sides cast no shadow, 
the dark glass is affixed to the telescope, the images brought to 
equal brightness, the index error ascertained, and the telescope is then 
directed to the image of the sun in the mercury. Holding the plane 
of the sextant vertical, and moving the index forward gradually, the 
image of the sun reflected by the index-glass will appear to enter the 
field from below. If the sun be rising, the index should be carried 
forward until the two images, having crossed, are clear of each other, 
and then the index is clamped. The two images will gradually close, 
and the exact moment by the chronometer is to be noted when the 
contact takes place. If the sun is rising with tolerable rapidity, the 
contact of the upper limb, that is, the separation of the two images, 
should be noted, exactly as before, without touching the clamp. The 
index is then read off; it may then be put forwards, and the observa- 
tion If the interval between the contacts of the lower and 
upper limb is found to be in both cases nearly the same, the observer 
may be satisfied that he has committed no great error in noting the 
moments of contact. Where the*greatest accuracy is required, it is 
usual to set the index to a whole number of d for the first pair 
of observations, and to put it forward 1° 30/ or 2° for the second pair, 
and so on till the observer is satisfied or wearied ; and then in the 
afternoon to set to the highest reading for the first pair, and so on 
backwards till you vey us Seen Collecting the 
i irs, you have an e for apparent noon, 
which, after being corrected by the equation to equal altitudes for the 
change of the sun’s declination, gives the time of apparent noon by the 
ebronometer ; and this, when corrected a second time by the equation 
of time taken and interpolated from the ‘ Nautical Almanac,’ gives the 
time of mean noon by the chronometer, and consequently the error of 
the chronometer on mean time at the place, If the altitudes are 
low, and the barometer and thermometer have changed considerabl: 
between the observations, a corresponding correction must be applied, 
bist in most cases this is not requisite. The time may in this way be 
generally got as accurately as the chronometer will keep it during the 


interval. When observations of the sun are made for the latitude, the 
altitudes should be taken-continuously for several minutes before and 
after apparent noon, observing the upper and lower limb alternately, 
or at least an equal number of each: thus getting rid of the sun's 
semidiameter, besides bringing more divisions into play. It is not easy 
to give a definite rule for the extent of these observations on each side 
noon; but when the time is known, and the altitude of the sun not 
great, we have never serupled to go as far as the Tables of Reduction, 
that is, a good half hour on each side of the meridian. It is of great 
importance however, when the observations are pushed so far, thatethe 
number of observations on each side, and the times at which they are 
taken, should nearly correspond. If this precaution be observed, a 
slight error in the actual time of noon does not matter. When time is 
determined by absolute altitudes, the roof of the mercurial horizon 
should be reversed after half the observations, and the same precaution 
should be adopted when observations are made for .the- latitude. 
For equal altitudes it is necessary to keep the same position of the 
roof in both cases. 

In the observations already described, and for lunar distances, a 
stand for the sextant will indeed add greatly to the accuracy of the 
observations, but is not absolutely necessary for a practised observer ; 
so far as our own experience has gone, good observations of the stars 
can searcely be made without a stand. By lying on the ground, and 
resting the edge of the sextant on a book or some convenient support, 
the observation may undoubtedly be made; but in most situations 
and in many climates this would expose the observer to more incon- 
venience and risk than he can prudently encounter. With a stand, 
and a little experience in setting it up, the observation of a star is just 
as accurate as that of the sun. The time is noted when the images 
form a figure like this **, parallel to the horizon; and stars of the 
third magnitude, or even lower, are quite bright enough for the pur- 
pose. We have observed Polaris very tolerably with a snuff-box sex- 
tant when the instrument rested on a book; the telescope, though of 
extra size for the instrument, was of much smaller aperture than those 
attached to ordinary sextants. It is rather steadiness which is required 
for these observations than light. Equal altitudes of the same star 
give the moment of its meridian passage by the chronometer without 
computation ; and as this is the R.A. of the star, the error of the chro- 
nometer, if it be sidereal, is obtained at once; if it should be a solar 
chronometer, the computation is very easy, that is, merely computing 
the mean solar time of the star’s transit of that day from the R.A. of 
the star and the longitude of the place. The computation of circwm- 
meridian altitudes of a star for the latitude is rendered more simple by 
using a sidereal chronometer, for the hour angles observed with the 
solar chronometer must be reduced to sidereal time before taking out 
the corrections to the meridian from the Tables of Reduction. 

There are certain faults either usual or inevitable in the sextant, 
which are now to be pointed out, and the mode of eliminating their effect 
from the final result. First, the determination of index correction is 
always somewhat erroneous, and this error runs through all the abso- 
lute observations, and affects the mean with its whole amount. Again, 
if the telescope be not parallel to the plane of the instrument, or if 
the contact be not made exactly midway between the wires, the angle 
read off is too large, and exceeds the true angle, and there is no prin- 
ciple of compensation ; this class of errors has always the same sign. 
Finally, as sextants are now divided, there is no certainty that the 
axis of the index is exactly concentric with the divided arc. It is 
difficult to say within what limits this error is confined, but we think 
it amounts not unfrequently to 10", 15”, or even 20” in the total arc.* 
This is not, however, proportional to the arc, though it is generally 
smaller in the smaller ares. Hence if this effect of excentricity lie the 
same way as the other errors, as it easily may, the most careful ob- 
server will make a considerable mistake in measuring a large angle. 
If we further suppose the error of the lunar tables to be in the same 
direction (the best meridian observations show that the moon is not un- 
frequently from 10” to 15” out of her tabular place), it will be seen that 
the longitude, determined as it generally is by distances between the 
moon and sun, or the moon and a single star, may differ much more 
from the truth than lunar observers usually think possible.t 

Mere instrumental error is got rid of by combining those observa- 
tions which they affect in contrary ways. Thus in equal altitudes, the 
Jjiwed errors, such as index error, excentricity, bad division, inclination 
of the glasses or telescope, have contrary effects on the morning and 
afternoon sights, and therefore no effect on the mean. Making the 
contacts out of the middle of the wires is a casual error, and just as 
likely to happen in the morning as in the observations ; so 
that as the angles are the same in both cases, errors of this kind will 
have pretty much the same influence on the mean of several pairs. 


* Mr. Simms is of opinion that with a dividing engine of a better construction, 
this error of excentricity may be reduced to 2” or 3”. 

+ We think no prudent seaman would rely apon lunar distances at sea to a 
smaller quantity than one-third of a degree, At land a good observer should 
seldom be out more than an eighth of a degree; and a large mass of careful 
observations, corrected for the errors of the lunar tables, might perhaps come 
within the sixteenth or twentieth of a degree. This seems to us almost the 
limit of what is to be expected from lunar distances, and it is inferior in accu- 
racy to oe favourable lunar transit, with a tolerable tel , a well practised 
observer, and a corresponding observation at a principal observatory, 
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Hence the great excellence of the method of equal altitudes for 


determining the time, so far as instrumental error is concerned ; it is 
an additional advantage that an error in the supposed latitude is also 
without sensible influence. Again, if time is deduced by absolute 
altitudes of a star rising in the east, the result will be affected one 
way by the errors above described; if a second star be observed 
at nearly the same altitude in the west, the altitude will be 
affected to the same amount; and if the stars have declinations which 
do not widely differ, the result deduced from the second star will be 
affected to the same extent, but ih a contrary way from the first; a 
mean of the two results will be nearly free from any error, except the 
casual error of observation. A latitude by the sun or a star to the 
south, which is erroneous from the above-mentioned causes, will be 

and corrected by a star of nearly the same altitude to the 
north; or a star to the north may be balanced by two to the south, 
one of higher and the other of lower altitude. It is scarcely credible 
how nearly the time or latitude may be thus determined. We have a 
series of such latitudes with an 8-inch sextant, observed by Mr. Lassell 
at Liverpool, which scarcely differ more than 2” or 3” from each 
other, though deduced from different groups of Greenwich stars. 
When the longitude is to be obtained from lunar distances, a consider- 
able number of observations should be taken from the objects east 
and those west of the moon. If a pair can be selected on different 
sides of the moon, and nearly at the same distance from her, the result 
will be liable to the effect of casual error only, and to the error of the 
lunar tables. This latter error cannot be got rid of at the time of 
observation ; but after the Greenwich, Cambridge, Edinburgh, Cape 
of Good Hope, and Oxford observations for the year have been pub- 
lished, it will generally be possible to find the error of the moon at the 
time of observation with considerable accuracy. This must be done 
whenever a sure longitude is to be deduced from lunar distances, and 
lunar observations must be taken in great numbers, so as to destroy 
casual error, to settle nice points in geography. 

When a few more fundamental points in longitude are fixed, it will 
not be necessary to use lunar distances, except in long voyages, or in 
the centre of large and uncivilised countries. The recent improve- 
ments in chronometers, and the reduction in their price, have greatly 
superseded this kind of observation already, and will continue to do so 
more and more. 

When the are of the instrument is limited to 90°, which is usually 
the case in the common wooden instrument, it is called a quadrant 
(and sometimes an octant, as being in form an eighth of a circle), and 
a second horizon-glass and sight are sometimes appended for the back 
observation. A sight-vane (a plate of brass pierced with a small hole) 
is placed below the ordinary horizon-glass, and a second horizon-glass is 
fixed near this vane, so that lines from the centre of the index-glass, 
and from the latter vane, make equal angles with its plane. The plane 
of this second horizon-glass should be at right angles with the index- 
glass, when the index is at zero. This adjustment may be verified by 
making the sea-horizon seen directly through the second vane and 
unsilvered part of the second horizon-glass, coincide with the sea- 
horizon at the back of the observer, which is seen by two reflections from 
the index-glass and silvered part of the second horizon-glass. The angle 
between the fore and back sea-horizons is evidently equal to 180° + 
twice the dip of the horizon. The dip is known from the observer's 
height above the sea-level. Suppose it to be 4’, and that the reading 
on the back arc is 5’; it should be twice the dip, or 8’: therefore the 
zero position of the index for the back observation is at 3’ on the 
forward arc. This may be corrected by altering the second horizon- 

lass, if there are the means of adjustment; that is, by making the 
t and back seu-horizon coincide when the reading is 8’ on the back 
are, By moving the index forward, the reflected sun, which is behind 
the observer, can be brought to touch the sea-horizon in front; and 
the reading, when the index error has been corrected, is 180° — the 
sun's distance from the front horizon. Now this latter angle is evi- 
dently 180° + 2 x dip—sun’s altitude ; hence it is clear the angle read 
off is the sun’s altitude above the horizon—2x dip. Hence sun's 
altitude — dip (the altitude required) = angle read off + dip. If the 
index error be not adjusted, the angle must be corrected for the index 
error; in the preceding instance the 3’ must be added to the sun's 
altitude. The back observation, however, though useful in certain 
circumstances, is not much used at it, and many quadrants are 
fitted up without the second vane and aerating : 

Ifa sextant be used in the manner we have attempted to describe, 
the results will be found to be very satisfactory. The attentive reader 
will see that the principle to be seized upon is that of always making 
two observations at nearly the same time, in which the errors, except 
the casual errors of making the contacts and of reading off, are the 
same, but the effects of which on the final result are different. It is 
not always convenient to afford the time which these balanced observa- 
tions require; and, in fact, they are often im icable. It will, 
therefore, be well worth the careful observer's while to determine the 
constant errors of his sextant, at different angles, where he has a good 
o ,and to use this knowledge where circumstances do not 
him to make a balanced set. 

Very small sextants are sometimes fitted in a box, and are called 
snuff-box sextants. These admit of considerable accuracy; but, t 
in particular cases, they are not carefully adjusted, &. The fiche 
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is, of course, the same as in the sextants, and they have a small 
telescope and dark glasses. It is desirable that the box should be wide 
enough to admit a finger to wipe the glasses, especially when the snuff- 
box sextant is used, as it frequently is, for maritime surveying. 
salt spray very soon clouds the glasses, and th 
For all sea-going purposes, except taking 
tary and maritime surveying, the snuff-box sextant will be found very 
convenient and sufficiently accurate. If made with the utmost care, 
and skilfully used, we think it capable of determining the latitude 
within 1’, and the time to 3* or 4*; but an instrument-maker could 
not be expected to take so much trouble, unless for a favourite — 
customer or for an mer y 7a some importance. : 

After the invention of "3 repeating reflecting circle, Trough’ ; 
who was averse to the principle, produced a non-repeating circle, a nek 
he called the British circle; but it more commonly goes by his 
This may be understood by conceiving the circle, of which the sextant — 
is a part, to be completed, and that while the telescope and glasses 


were required to take the altitude of the sun: this is first f 
exactly as with the sextant, and the three verniers read off, the index- 
lass being above the line which joins the telescope and bortsoo ae 
+ the instrument be conceived to turn round this line esi 80°, 
the 


= 
then the index-glass is below, and with the face down 
moving the index backwards to zero, it will become parallel to 
horizon-glass, and continuing this motion until it is at the original 
angle, but on the back arc, the sun will be brought down exactly as 
the former gpa ens ——. the contact is to be made with 
tangent-screw, an @ indices again read off. By combining : 
observations it is clear the index error is ote and this is 
point of superiority to the sextant. Again, the three i 
destroy any effect of excentricity, and very greatly dimini 
errors which may arise from accidental injury to the figure of the 
circle, while the six readings greatly reduce the errors of division. 
The errors caused by defects in the dark glasses and horizon- are 
eliminated, and such as arise from a defect in the index are 
diminished, and this too by the hens 6 of the instrument, it 
iiapeeneey, upon one object. These advantages are undou! i4w 
very great; but the additional weight of the circle and trouble i 
handling it, the trouble of reading three verniers for every observation 
the shortness of tke radius, and consequent necessity of limiting the “~ 
subdivision to 20", seem to overbalance them in the opinion of most 
seamen. We think that an intelligent observer will get results of — 
nearly equal value from the sextant or from Troughton’s circle, but 
that the sextant requires much care in selecting and balancing observa- __ 
tions, which the circle does not. Whenever time or latitadeistobe 
deduced from observations of one object at one time, as where the 
sun alone is used on geographical expeditions, or where lunar distances _ 
are taken from the sun alone, or from one star, the sextant cannot 
enter into comparison with the circle. A very excellent Spanish — ‘ 
observer, Don J. J. Ferrer, determined the obliquity of the ecliptic 
with one of Troughton’s circles more accurately than the Greenwich __ 
quadrant could do, at a time when that quadrant was still the prin- 
cipal declination instrument in the Royal Observatory. And if frequent — 
reading off is not too great an objection, Troughton’s circle may be — 
recommended as the safer and more independent instrument, andas — 
demanding less thought and care from the observer. 7 
We have already, in the article RergattX¥a Crroxe, described the __ 
original discovery of the principle by Tobias Mayer, and his first appli- _ 
cation of it. After Mayer had greatly improved the lunar tables, he — 
proposed the following construction for measuring the angle between 
the moon and any other object with the greatest exactness. (‘ 
motuum Solis et Lune, auctore Tobias Mayer,’ London, 1770.) The 
instrument is an entire circle, on the centre of which the index-bar 
turns, the index-glass being over the centre. The telescope and 
horizon-glass are fixed on a second bar, which also turns, but excen- 
trically, on the same centre. The two bars can be clamped indepen- 
dently of each other, and each in any position, and there is an index or 
fiducial line to each, by which the divisions of the circle may be read 
off. Now,suppose a distance between the moon and sun to be required 
(the dark shades, &c., may be understood from what has been said on 
the sextant): First, having fixed the index-bar at zero, bring the 
horizon-glass to be parallel to it by observing the sun (as in deter- 
mining index correction); then move forward the index-bar, and 
observe the distance between the moon and sun's nearest limbs, as — 
with the sextant. If the angle were now read off, we should have the 
simple distance affected with the whole error of graduation, and obtain 
no advantage over the sextant. By moving the horizon-bar, bring the 
two glasses to be parallel exactly as before, and make the measure 
between the limbs of the moon and sun also as before, by moving the 
index-bar alone. The angle, if read off now, would be twice the angle 
required, but the errors of division and reading off would be only those 
which affect the first and last position of the index-bar, In this way 
the angle may be repeated as often as you please, until the bars ha 
travelled once, twice, or even oftener round the circle; and it is evident 


that the errors of division and reading off are those at the first: 
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last position of the index-bar, and those alone, which may be as inope- 
rative on the measurement of the angle as the observer pleases or has 
patience for. This would seem a great advantage ; but when Bird was 
ordered to make a circle on this model, the ee his scowls 
so good that repetition added’ little to the accuracy of which a single 
observation aR capable, and the fresh determination of a position of 
parallelism after every observation was too much trouble to be taken 
when not absolutely necessary. The reflecting circle of Mayer was not 
adopted in England, but great pains were employed in constructing 
and dividing the sextant, in which our artists were eminently suc- 
cessful. 

In France it is probable that the art of instrument-making was at 
this time less advanced, and therefore the merit of Mayer's principle 
‘was more readily appreciated. The celebrated Borda, who was a seaman 
and navigator, first had an improved instrument on this construction 
made about 1775,* and published a full description of its form and use 
in 1787 (‘ Description et Usage du Cercle de Réflexion, par le Chevalier 
de Borda,’ Paris, 1787), to which we refer the reader as a 
and classical work. The accompanying figure will explain Borda’s 
instrument, though it is not precisely similar to that which he 
recommended. 


.  Five-Inch Diameter. 
Borda’s Reflecting Circle, by Troughton and Simms. 


The index-glass, with its bar, vernier, and 
excentric bar which carries the telescope, horizon- , With its vernier 
tangent screw, oe tr no explanation. telescope has a 
parallel-ruler motion ing the images to equal brightness, which is, 
we believe, Bird’s construction. Borda holds ere two ears, 
each of which can be raised or depressed separately, he has a 
‘uation for each, so as to move them equal quantities. Dollond, in 
is very beautiful repeating circles, has an up-and-down piece above 
the bar. The important and essential conditions of the i 
circle are, that ing one index shall in no way affect the other; that 
n fixed shall not be liable to move from looseness, bad 


-glass and the collar on which the 
horizon-bar turns shall both be so true, and of such a | , that the 
motions of each bar are parallel to the plane of the divided circle. 


ct 


The same utions must be taken as in the sextant in trying the 
index and glasses, in ing the prismatic edges of the dark 
glasses up and down , in setting the glasses perpendicular to 
the plane of the circle, and the telescope parallel to it: and it is 


the angle between the two glasses is towards the specta' 
observer looking through the telescope would see an object directly in 
the line of the telescope, and some other object, call it a, which lies 


spectator, it is clear, first, that the angle read off between the first and 
second positions will be twice the angle; and secondly, that 
the observer, still looking at the same object as before seen directly, 
will see eS ere hand (call it B), which 
makes the same angle with axis of the telescope as a did, but on 
the other side. Now if we suppose the whole instrument to turn 
half round upon the telescope as an axis, it is evident that a will be 
seen exactly as at first, while the index-bar has been moved forwards 
twice the between a and the axis of the telescope produced. 
This is exactly the complete observation with Troughton’s circle, and 
thus while we have got double the angle by two observations, we have 
got rid of index error, and have only two readings to which error of 

* Borda's alterations were apparently very simple: he drew the telescope 
back until its object-glass fell short of the index-glass, while Mayer's projected 
beyond it, and he carried the horizon-glass forward almost to the edge of the 
circle, which Mayer planted close before his telescope. Yet these slight modi. 


completely changed the instrument. 
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| less angle, 


division and reading off can apply.* Now suppose the instrument to 
be returned to its original position, and, leaving the index-ber securely 
clamped, move the horizon-bar, which carries the telescope and horizon- 
glass, through the same angle and in the same direction as the index- 
bar has travelled. If the original object be again viewed through the 
telescope, and the contact between that and a perfected by the tangent 
screw of the horizon-bar, it is clear that everything is exactly as at 
starting, except that the index and horizon-bar have each moved over 
the divided circle exactly twice the angle to be measured. Let the 
operation which has been described be repeated, and everything will be 
as at starting, except that the indices will have moved over four times 
the angle, and it is evident that there is no limit to the number of 
repetitions except the will of the observer. So that, theoretically at 
least, the influence of bad division, bad centering, and bad reading off 
upon the final angle may be reduced below any sensible quantity. 
There is another very considerable advantage, namely, that there are 
only two readings off of each vernier + for any number of repetitions. 
On looking at the figure again it will be seen that the rays of light 
which fall on the index-glass pass between the telescope and the horizon- 
, and there is a particular angle at which they pass through the 
orizon-glass before falling on the index-glass. This occasions some 
inconvenience, as the reflected ii in that case is scarcely ever quite 
perfect, and if the sun be the reflected object, the interposed dark glass 
increases the imperfection. When Borda’s circle is used in the hand 
for observing altitudes, the instrument is to be held alternately in the 
left and right hand for the crossed observations, but in taking lunar 
distances there is the same difficulty as in the sextant when the face 
is downwards. A handle with curved tube may however be applied 
pretty much as in Troughton’s circle, and if it is fixed into a collar 
which turns on the centre, it may be kept out of the way of the 
telescope, &c. There is a part of this circle which, though not actually 
, Will be found of great convenience, the graduated semicircular 
are which is attached to the horizon-bar. The index-bar, either by its 
edge or by a fiducial line, points out the reading on the semicircle, and 
shows 0 on each side when the glasses are parallel. By the help of 
this it is easy to set roughly to any angle on one side or the other, and 
thus save the trouble which nice setting would require, or seeking for 
an object, which is still more troublesome, In some circles two small 
pieces which slide easily can be fixed on this semicircle, and the proper 
opening is given by the touch alone, that is, when the index-bar just 
feels the stop. But there is always a risk of forcing a clamp which is 
supposed to be fixed, by the slightest touch, and therefore we prefer 
setting by a coarse-reading. As the chronometer must be noted and 
read off at every observation, there will generally be light enough for 
this aiicie.. Wesel original circles were much too large, and very 
weak and ugly. Six inches diameter seems to us quite sufficient for ~ 
an instrument of this construction, which is intended to be used 
according to its principle. The telescope and glasses are nearly the 
same for all sizes, and the repetition reduces the errors of division and 
reading off so rapidly that we should prefer rather a coarse division, 
which is easily seen, to a fine one. A boldly cut division to 30" would 
probably be best for general purposes ; the circle should be as light as 
is consistent with strength, but the main points to be looked to are 
the independence of the index and horizon-bars, the truth and per- 
ndicularity of the centerings, and the firmness of the clamps. 
the want of balance in both bars, and especially the horizon- 
bar, is wholly invoxious, is a point of some doubt, otherwise there 
would seem to be no theoretical objection to a well-made repeatii 
circle. Hitherto this instrument has not been much used in England. 
By some it may have been thought more troublesome than the 
sextant; it has generally been made too large and cumbersome, and 
— prejudice may be added as one of the causes why it has not 
properly valued. At the same time, though warm partisans of 
the repeating principle, we conceive that the results with a repeating 
circle will not be superior to those which may be attained by the sextant 
or by Troughton’s circle when in the best hands; but it is more inde: 
ndent, requires less thought and care and skill than the sextant, and 
is neither so troublesome nor so cumbrous as Troughton’s circle. . 
An alteration was proposed in Troughton’s construction by Mr. 
Hasslar, director of the survey of the coast of the United States. The 
circle turns freely round the centre, and is clamped at pleasure either 


* Some observers use the repeating circle as a sextant. They change the 
readings from time to time by altering the position of the horizon-bar and 
determining the zero position of the index-bar. This mode of observing will 
undoubtedly tend to destroy errors of division and excentricity, but it is a com- 
plete sacrifice of the best qualities of a repeating circle, At any rate index 
error should be destroyed in the way we have pointed out, which would be some 
compensation for the reduced radius of the divided are, Borda calls the pair 
observations croisées, or crossed observations, 

+ The index-vernier is usually read off and the horizon vernier neglected. 
Lieutenant Raper has pointed out the following use of the second vernier. 
Place the glasses parallel and read off both verniers; then if you wish to 
measure two angles rapidly, observe one by moving the index-bar, and the 
other by moving the horizon-bar. In observing altitudes of two stars in 
uncertain weather and in maritime surveying, this recommendation may be of 
great service. Let the greater angle be first measured by moving the index- 
bar, then the angle moved over by the index-bar is the greater angle, and the 
difference between this angle and that moved over by the horizon-bar is the 


KK 
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to the frame which sup the horizon and telescope, or to the | communities are called families, The property of each ‘ is 
index-bar which carries the index-glass. arrangement is exceedingly | held in common; and as the members, who are both males and 
ious, but we suspect that the and unclam must | females, are all single persons, strictly enjoined, the 
fect each other, notwithstanding the beauty of the workmanship. | numbers can only be kept up by converts. ey are generally dis- 
They are also made much too heavy for the hand, and, considering ed for good conduct in the common business of life. They 


the principle, unnecessarily so. . Hasslar employed them, we 
believe, in hi . but we have not heard of their use elsewhere. 


The idea of a mov or flying circle was probably taken from De 
Mendoza Rios, who afl vernier, as well as circle. (‘Phil 
Trans,’-1801, p, 362, complication of this construction, and the 


practical objections to it, were, we presume, fatal to its adoption ; for 
we are not aware that it has ever been successfully used. In observing 
altitudes at sea, it is presumed that the horizon is alwa; visible, which 
in hazy weather, or in dark nights, is frequently not the case. There 
have been several for overcoming the difficulty by adapting a 
plumb-line or level to the sextant when required. 

Several modifications, additions, and supposed improvements have 
been made in this class of instruments, but none of sufficient import- 
ance to require notice here. The sextant and circle, such as we have 
described them, are sufficient for the cases which practically occur; 
and without disputing the ingenuity and even utility of certain 
modifications in peculiar and exceptional cases, we believe that there 
is little to be gained by such alterations as have been hitherto 


or reducing observations made with reflecting instruments, we must 
refer to the usual works on nautical astronomy. The tables of Thomp- 
son, or Riddle, or Inman, or Raper, will afford sufficient information. 
Borda’s memoir, already mentioned, should be carefully studied by 
every one who proposes to use a repeating circle ; and Troughton’s 
icle Crrcix, in Brewster’s ‘ Edinburgh Encyclopedia,’ will be found 
of great value, especially as a guide to the circle known by his name. 
We have ventured very frequently to modify their opinions and 
directions, and the intelligent reader may decide for himself. 

SEXTON, an officer of the church, whose name is supposed to be a 
contraction of sacristan, the name of the m who in ancient times 
had the care of the sacred vessels and other things used in religious 
services. The greater simplicity of Protestant ceremonies has rendered 
this duty one of small importance, and it is now usually performed by 
the ish clerk; so that the sexton has sunk into an officer whose 
chief business it is to see to the preparation of graves and to assist in 
depositing the corpses. To him also belongs the care of sweeping the 
church, and other similar menial offices. 

SEYCHELLE COCOA-NUT is a fruit of one of the palms 
(Ledoicea Sechellarum), respecting which fabulous accounts were 
formerly related. Many marvellous medical virtues were ascribed to 
these nuts by the physicians of the age, both Asiatic and European, 
and they were consequently sold at a high price, At present they 
form only objects of curiosity, and are well-known under the name 
of double cocoa-nuts. To the inhabitants of the Seychelle Islands the 
tree is useful for its timber, which is hard externally, and employed 
in building their huts and for posts ; the leaves and their are 
used for the roof, walls, and partitions, and for many other domestic 
ad The nuts weigh from 20 to 25 pounds each, and, when 

gre a white, transparent, and jelly-like substance, which is 
edible. The shells are employed in making vessels and dishes of 
various kinds, and the entire nuts form articles of commerce, as 
they are esteemed in other countries both for their fabled virtues and 
as curiosities. 

SHADOWS, PROJECTION OF. [Persrrcrrve.] 

SHAGREEN. [Leatuer cat 

SHAKE, in music, the alternate and rapid iteration of two sounds 
which are not less than a semitone, or more than a whole tone, apart. 
This grace—for as such it is considered—is generally introduced at a 
pause, and should commence rather slowly, and increase in rapidity as 
it proceeds, always concluding with a turn. Ex. :— 


EE — eG 


—*s 


The sign of the shake is a ¢ and an r conjoined, the two first letters 
signifying 


of the Italian ¢rillo, or the French trille, both the same as 
the English term. 
SHAKERS, a religious sect which arose in Lancashire about the 


year 1747. As the individuals of whom it at first consisted had pre- 
viously been Quakers, they were sometimes called Quakers, 
but more commonly Shakers, from the violent shaking of bodies 
in their ious exercises. In 1758 they were joined by Ann Leé, a 
native of ester, whose reputation grad increased, Sp ene! 
with the numbers of the sect, till, in 1770, she laid claim to divine 

, and called herself Aun the Word. In 1774, in conse- 
quence of the persecution to which they were subjected, she and some 
of her followers set sail from Liverpool for New York, where they 
arrived in safety, Aun Lee fixed her residence at Watervliet, on the 


Hudson, not far from Albany, and died at Watervliet in 1784, Their | 8 


agree with the Quakers in their abhorrence of war, their objection to 
take oaths, and in the belief of the direct influence of the Holy Spirit. 
Instead of the original violent shaking, they now move 
hall of worship in a regular and uniform dance to the 
hymn, clapping their hands in unison. There are some of the sect 
in Great Britain. No statement of the numbers of Shakers 
in the last census reports of either Great Britain or the Uj 
but several years ago there were said to be 6000 S) 
United States, comprised in fifteen ‘ families, 

SHAMOY. [Learner Manvuracrure.] 

SHARP, a character in music (%), used to raise, by the 
semitone, any note in the natural scale, Before the character of 
natural was introduced, the sharp was also employed to 
the flat. When are placed at the clef, they are alwa; 
according to the m required, in the following order :— 
Ast. 2nd. 3rd. 4th. Sth. 6th. 7th. 


-—— 
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The povste sHanp, the character for which is a cross (x), is used 

in chromatic music, and raises a note two semitones above ii 
state. Thus c double sharp 
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} 
is, practically—though not strictly so in 4 we Ee natural, (Far. 
SHAWL MANUFACTURE, Hindoos ve been the Paha 
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needle, are used ; 
are sharpened at both ends, and covered with di coloured 
With these simple aids, the pattern is worked stitch by stitch into 
— The backs oat Douek Gna aimaay cee 
rious icraft, present a to i it appearance 
the E shawls, the of which are woven entirely onthe = 
loom. Indian shawls are mostly made from the inner hair ri 
oe reared on the dry cold table-land of Tibet, obtained after . 
ong shaggy outer hair has been removed. No hair obtained 
goats reared elsewhere has ever equalled this. Each goat yields about ad 
2 Ibs, per year. The best hair sells for 1 rupee per pound in Tibet, 
The wool is worked up into shawls in Cashmere, Lahore, and Delhi; a 
2 oon. aes pres Sometimes a sum equal to 300/, English a, 
be given for a real Cashmere shawl. Ki 
Paisley excels all other towns in the United Kingdom in the manu- t 
facture of shawls, in quantity and (with one exception) in quality. The "| 
common kinds are woven in the power loom; while the finer kinds vr. 
require the more detailed aid of the handloom weaver. Inthe common 4 
shawls cotton is mixed with the wool; but for the finer articles the 
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them in cotton dyed red, Then chintz styles, upon white and 
light-coloured Next came in a fashion of printing the 
threads before the wea At length the matnithetesehh aaa 


in producing blocks which would imitate the elaborate 

pattern ; this gave a great impetus to the printed shawl trade. ~ 
establishments in Scotland now attend to this branch of manufacture, 
and strive to obtain new and 


tions of the several blocks, have, in some instances; been 
the uction of a single pattern. What 
involved, may be seen by referring to Catico Priytixe. 

SHEATHING. Owing to the 


which has the effect. of tne its use in mercantile shipping, many 
attempts have been made to sul for it either other or 
alloys in which it is mixed wi ney metals, or with such as 

Mr. Robert Mushet directs that 100 Ibs. 


B 
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SHEERS. 


SHEKEL. 502 


separately, that the whole be used together in the proportion of half an 
each of the zine and tin, 1 oz. of the antimony, and 2 oz. of 
to 100 lbs, of copper. By these mixtures, Mr. Mushet 

the copper is rendered much more cohesive and fibrous in 

its texture, and that the corrosive effect of the sea-water is in a great 
measure prevented. The metallic ing patented by Mr. Pope, 
consists either of tin and zinc, or of tin, lead, and zine, If the former 
mixture be used, the zinc is first melted, an equal quantity of tin is 
to it, the alloy, after being stirred while fluid, is cast into 
cakes about three-quarters of an inch thick, which are hammered or 
rolled out to the required of tenuity, In uniting tin, lead, 
and zine, the lead is first melted, double its quantity of tin is then 
alloy is cast into small lumps. A quantity of zinc 

ey to the tin and lead united is then separately melted, and the 
y of tin and lead is added to it; the whole, when thoroughly 

, being cast into cakes as before, for subsequent rolling out 
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g of mow b bares San War be. st am various other non- 

ic substances, used. e most important 

of these is a kind of felt, into the com tion bf which a conahlerable 
is material itself felts very 
sheets are passed, in the process of manufacture, 
of pitch or tar, which increases the cohesion of the 
ial, which is sometimes used in conjunction with 
ing, being laid on immediately beneath it, has the 
ities of being a perfect protection against the worm, and 
im le to water, and so extensible as nut to be 
the working which takes place among the timbers of 
A sheathing com of a coarse fabric of fibrous 
with a solution of caoutchouc, together with 
been recommended as a cheap and effectual substi- 


sheathing is usually applied in sheets about four feet long 
inches wide, the iodine heme such that a square foot 
sixteen to thirty-two ounces,—most commonly from 
; to twenty-eight ounces ; and the mode of application does not 

. Yary materially whether the copper be laid upon the bare or 
: an interposed layer of tarred , felt, or thin boarding. 
aes are i with holes, not round the edges, but also at 
three or four inches over the whole surface ; they are laid 

80 a8 to overlap each other about an inch, and are secured to the ship 
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with Sec headed copper nails Great regularity is observed in the 
of the sheets, so that a certain symmetry of appearance, 
as as to the East 


durability, is attained. After two be seg 
Indies, or an equivalent amount of v elsewhere, the coppering 
to be renewed ; and the copper is found to have lost 
or four ounces of its weight in the square foot, by the action 
SP AII the eopper alcathing for the Royal X that is, for the ships 
or avy— is, for the 
ie aan a made at és iababtiatcheint called the 
ard. 


HEERS, or SHEARS, a contrivance used for hoisting the masts of 
a into or out of their place, and occasionally for loading and 


heavy The sheers used in masting vessels Consist of 
two poles, the lower ends of which rest upon thick planks laid 
along the sides of the deck; while their upper ends are lashed 
together so as to cross each other exactly over the hole in the’ deck 


radiating from the to various parts of the 
To this apparatus is attached the toklp necessary for lifting 
the masts out of the water, when they have been floated to the side 
of the ship, and lowering them ierey te watt piace. This is the 

paratus commonly employed in masting merchant-ships; but the 
ike operation js sometimes performed by means of u sheer-hulk and 
sometimes by a masting-house. The sheer-hulk is an old man-of-war 
cut down to the lower deck, a mast fixed in the hulk, and four 
stout spars or sheers which project obliquely from its side. The tops 
of these sheers reach to such a Se oo § citeme 

Vv to be 


: from the side of the hulk, that masted can come 
j A aedidled a stated RE Lee all de 
: lofty building erected for the operation 
more conveniently, by the aid of mechanism the water to 
a considerable distance, beneath which ships may be : 
Payee {[Corrern; Iron; Leap; Tryninc anp Tix 
; Prate. ‘ 


SHEKEL (77%), the principal weight and coin of the Hebrews. 
The subject of Hebrew weights and money is involved in great 


obscurity. The almost uniform testimony of ancient authors is that the 
shekel was equal to the Attic tetradrachm, or to the stater, or half the 
Roman ounce, that is to 4 denarii, which were reckoned at the period 
equal to four Attic drachme. The Septuagint indeed commonly 
renders the shekel by the didrachm current at Alexandria, which was - 
double of the Attic. Hesychius, in one passage, makes it equal to 
four, and in others to two Attic drachmex ; and Suidas makes it five 
drachme. But the testimony of Hesychius and Suidas is of no value 
against that of St. Matthew, Josephus, Philo, and the other contempo- 
rary authorities. The average weight of the shekels of Simon Macca- 
beus is about 218 English grains, or half the English avoirdupois 
ounce, and only two grains more than the Roman ounce, or the 
weight assigned to the shekel by ancient writers. But the full weight 
of the Attic tetradrachm, to which the shekel is said to have been 
equal, was not the full-one of 266 grains of the time of Pericles or 
Xenophon, but the reduced one under the Roman emperors, which was 
always considered as equivalent to the four denarii 

With respect to the shekel of the time before the Captivity, we have 
no certain information. The Rabbins say that after the Captivity all 
weights were increased by one-fifth ; but there are many circumstances 
which prove this tradition to be of no value. In the absence of trust- 
worthy information to the contrary, it is most probable that the 
ancient and the modern shekel were of the same weight, namely, 
about 218 grains, 

The shekel formed the foundation of the Hebrew weights, of which 
there were three principal denominations : the shekel (Opty) meaning 
weight ; the maneh (713%), number, that is, a certain number of shekels 
or weights ; and the kikkar (135), a round number, or sum total, that 
is, a certain collection of manehs, translated by the word “ talent” in 
the Septuagint, Vulgate, and modern versions. The shekel, maneh, 
and kikkar corresponding respectively to the stater, mina, and talent. 

The kikkar was equal to 3000 shekels, (Exod. xxxviii. 25.) There 
is a difficulty about the maneh, since from 1 Kings x. 16, com; 
with 2 Chron. ix. 16, it would seem to have contained 100 shekels, 
while in Ezekiel xlv. 12, it is ordered to contain 60 shekels. There 
are great difficulties: in adopting the former value, and on the other 
hand the meaning of the in Ezekiel is very doubtful. If the 
latter value be adopted, the kikkar would contain 50 manehs. The 
shekel was subdivided into the beka (Y))2, half), or half-shekel, or 
didrachm, the raba (927; quarter), or quarter-shekel, or drachm (the 
zuz or zuza of the Talmudists), and the gerah (717, a kind of bean), 
or the twentieth of the shekel, or obolos. The following table there- 
fore represents the Hebrew weights :— 


Value in English 
Value in Averdupois Weight? 
Name Shekels, Ibs. oz. grs. 
Gerah . . e . 0. 0 0 10°94 
Reba or Zuza . woe 0 0 0 54°71 
Beka . . . . 0 8.8 109°43 
Shekel : . oat 1 0 of 
Maneh . . . - 60? 1M 
Kikkar or Talent +» « 8000 - 93 12 


There appear however to have been at least two standards of the 
shekel, the shekel of the sanctuary and the royal or profane shekel. 
(Exod, xxx. 13; 2 Sam, xiv. 26.) The former was used in calculating 
the offerings to the Temple, and all other sums connected with the 
sacred law ; the latter, for the tribute and civil payments, The tradi- 
tion of the Rabbins is that the shekel of the sanctuary was double the 
profane shekel. By re the passages in Kings and Ezekiel 
quoted above, understanding the former of the profane shekel, and 
the latter of the shekel of the sanctuary, the process gives 100 : 60 or 
5:3 for the ratio of the shekel of the sanctuary to the profane 
shekel. 

The currency of the Jews from the earliest ages was silver, and this 
word exprtased money. It is, however, nowhere mentioned as coined, 
but always as weighed out, till after the Captivity (Josh. vii. 21; 
1 Kings xx. 39; Ezek. xlv. 15; Zechariah xi. 12), although some 
stamps appear to haye been impressed on the ingots (Gen. xxiii. 16), 
or they were made up in the shape of rings, or nezem (Job xlii, 11, 
; i . Gold money is first mentioned in David's time (1 Chron, 
xxi. 25; Isaiah xlvi. 6) under the name of 727 1N, adarkon, or 
]922774, darkemon, supposed to be gold darics, or drachms, neither 
of which however were in existence at the period, although both were 
probably current when the Chronicles were written or revised. The 
earliest Hebrew coins are the silver shekels of Simon Maccabzeus, to 
whom the right of striking money had been conceded by Demetrius II, 
or Antiochus VII. (1 Maccab. xv. 6). These have on one side the 
supposed pot of manna, or, rather, gold and gemmed sacred vessel given 
by Simeon (1 Maccab. xiv. 15), with the legend Ss pu, shekel 
Ishrael, “ the shekel of Israel,” and the initial letters of the year; and, 
on the other, the supposed Aaron’s rod whieh budded, or, rather, 
the lilly of the valley of Israel (Isaiah xxxv. 1), and the legend 
mw prt pow, Jerusalem hagodesha, ‘Jerusalem the holy,” 
The half shekels have the same types and legends, with ‘hatzi, half, 
added to the word shekel. The inscriptions are in the Samaritan, 


SHELL. 


SHERIFF. 


and not in the square or Chaldee form, as it is called, of the Hebrew. 
No shekels of this dynasty are known later than the fourth year, 
after which the right of coining silver was su; , the Idumean line 
only issuing smal) pieces of copper; but are later shekels of 
Rarkonib or Barchochebas, who revolted under Hadrian, of broader and 
flatter shape, having on one side the wheatsheaf, or, rather, lulay, 
edmposed of palm, olive, and myrtle branches, with the legend 
Down, Jerusalem, and on the reverse the beautiful gate of the 
temple, with four Doric columns and a star, allusive to the star of 


Jacob, with the Say mbdwad mrs mw, shenat akhat 
legulat Ishrael, “ the year one of the redemption of Israel,” in a later 
form of Samaritan: ‘these weigh 213°4 grains. The same Barkozib 
also recoined Roman denarii, for rabas, or quarter shekels, with a 
bunch of grapes on one side and the legend 71)0W, Simeon, and on 


the other two trumpets crossed, or a lyre with pow non 


lekharut Ishrael, “ the liberty of Israel.” 

It is as well to mention here that.all pretended shekels or half 
shekels, with inscriptions in the square characters, are modern forgeries 
of the last two centuries, made Wy Dutch and Gernian Jews for the 
pu of deceiving the unwary collectors of ancient coins, According 
to the Rabbi Raschi the shekel was the same as the Tyrian of 24 obols 
or main, but St. Jerome (in Mica. proph. v, 14) makes the shekel equal 
to 20 obols, or 4 rabas of 5 obols each ; 20 gerahs, the supposed largest 
bronze coins of the Hebrew series, went to the shekel; and the gerah 
itself was subdivided into the kjatzi or half, and raba or fourth, both 
of which expressions are found on the copper coins. There is a sup- 
posed third of a shekel, but it appears a nominal sum paid for the 
capitation tax, Nehem. x. 32, after the captivity. There is some diffi- 


in upon what standard the shekel was adopted ; the 
ancient tian kati or safi, of 140 grs., by no means corresponds, 
and the Phonician seems too heavy, although the weight is said 


to correspond with the tetradrachms of Antiochus VII. struck in 
Pheenici 


If we assume that the standard was about the same as that of the 
Roman money, namely, jth of the weight alloy, the shekel of half an 
avoirdupois ounce would be equivalent to 210-983 grains of pure silver, 
or “= of a shilling, that is, to 2s. 7d. 1:49 farthings. According 
to this calculation, the following table represents the value of the 
Hebrew money :— 


ae a leges of Mecca to be governed by a sherif of the posterity of Hasan, 

ee ck .. cael atiue Craenaae sen of Ali Ibn Abi Talib, which family enjoy the sole right to the 
Reba i ; gS ODO Fees throne. His dominions comprehend, besides the capital, Mecca, 
tnt ae reas Sen kee Medina, Jambo, Tayif, Sadie, Ghunfude, Hali, and thirteen other 
Shekel " eae te smaller districts, all situated in the Hejéz. His [principal revenue 
aneh . . ._ = shekels = + nsists i ; 7} «! 
Kikkar or Talent . = 3000 shekels = 396 5 10 oe of a tax imposed upon every pilgrim, and the presents made 


(Hussey, On Ancient Weights and Money ; Winer, Biblisches Real- 
, art. ‘Sekel;’ Calmet’s Dictionary ; Jahn, Archdol. Bibl. ; 
Jennings's Jewish Antiquities ; Cavedoni, Numismata Biblica, 8vo., Mo- 
dena, 1850; De Saulcy, Recherches sur la Numismatique Judaique, 4to., 
POnELL lobe of 
H , a hollow globe of iron, containing gunpowder, which is 
introduced at an orifice formed in the ball. In this orifice is driven 
or screwed the fuse or tube containing the composition by which the 
powder in the shell is ignited [Fuze]; and the shell, after being dis- 
charged from a gun, howitzer, or mortar, is consequently made to 
burst in pieces when it falls upon or near the object to be destroyed. 
The diameters of shells for guns vary from 33 inches to 10 inches, and 
the weight of a 10-inch shell is 70 lbs, The diameters of shells for 
mortars and howitzers vary from 4} to 13 inches, and the weight of a 
13-inch shell is 200 lbs, The diameters for carronades, which are now 
never used, varied from 3} inches to 8 inches. [BomB; CaSE-SHOT ; 
Surarnet-suect.}] The shells for RIFLED ORDNANCE are described 
under that head. 
SHELL-LAC. [Lac.] 
SHELLS, Economical uses of. Shells are applied to several useful 
and = still more af Cs ornamental character. Some of them 
ish dyes pigments. @ purpure contain an intense purple 
os a few drops of liquid <akasa within a vein or sac in the fish, 
murex yields various shades of purple and crimson. The cutéle- 


; (gerefa) in 
Jish supplies the well-known sepia, of intense blackness. The beautiful | German was equivalent to 1, That bef for canary 
substance called mother-of-pearl is described under Peart Fisurry. | after the Donqiet the sheriff had powers indep t of the earl, 
The large proportion of lime in many shells renders them useful in | is obvious from the fact, that in the circuit (tourn) which he made 
making cement, and also as a fertiliser in i 


inexhaustibly abundant on the shores of Asia and Africa, are 
India for the purposes of money, at an average value of about 
for an English penny. The same cowries may be converted into a 
for earthenware, and an enamel for clock-faces, A calcareous 
plate found in the cuttle-fish is used by workmen as a substitute 
emery-paper or sand-paper. The conch shell is in some countries 
as a horn or trumpet; as in the West Indies, where on some 
lantations the negroes are summoned to work by a“ conch-blow.” The 


paliotis has an iridescent surface which fits it for use as a substitute 
for mother-of-pearl in inlaid work. The helmet shell supplies pieces 
large enough for umbrella-handles; and thinner portions as ornaments 
for workboxes and other trinkets, Smoked films from oyster-shells 
are used for large coat-buttons. The clam shells, often of very large 
size, are used in Roman Catholic countries as receptacles for holy-water ; 
while some, perfectly white, are cut bBo 3 arin-rings and orna- 
ments. The fibres with which many kinds of shell-fish attach them- 
selves to rocks, such as those of the pinna, are fine and strong enough 
ee peeked ep to the toate ee ica rant ndia are 
cut up into bangles, armlets, “bracelets, anklets, finger- , toe-rings 
&e., snenstimes carved and gilt, or otherwise decorated. The fishery of 
chank shells, off Ceylon, is a very valuable one; seeing that some of 
the choice specimens are valued at their weight in gold. [CeyLon, in 
Gros. Drv.] Shell cameos are noticed under Camzo. 

Considered as a working material, all shell is placed in one or other 
of two categories, porcelanous or nacreous. The -porcelanous shells 
contain much lime and little animal matter; they are brittle, translu- 
cent, smooth, and not easily cut, and much resemble the enamel of 
teeth. They can only be worked on the lapidary method, with small 
grinding wheels. he nacreous shells, partaking of the nature of 
mother-of-pearl, contain less lime and more animal matter; they are 
tougher, softer, and iridescent; they may be easily sawn, oasneds and 
filed ; and can then be polished with sand or pumice water. 
{Larmary Work.] 

SHERBET, as made in Persia, Turkey, and other eastern countries, 
is.a beverage composed chiefly of water, lemon-juice, and sugar, with 
the addition of other ingredients to render it more pleasant to the taste ; 
such as the pulp of fruits, perfumed cakes, amber, rose-water, &c. 

SHERIF, an Arabic word which means “ noble, illustrious,” and a 
title given ban S84 Arabia, Egypt, and , to those who are 
descended from the Mohammedan prophet, In Turkey they are called 
amirs, that is, princes, and enjoy great privileges, such as not being 
subject to the payment of taxes; not obliged to appear before a 
judge, unless he be one of their class; wearing a green turban and 
slippers ; occupying a superior place in the mosque, &c. As men and 
women of this caste often contract marriage with who are not 
members of the ee, ent Oe title of eet is i is diciotee Tan 
of the parents, the number of persons who enjo is disti 
become very considerable in Turkey, Syri a: Egypt, where 
may be found employed in the lowest offices. It is one of the 


by Mohammedan princes, 
SHERIFF, the Shire-Reve (scyr-gerefa), from the Saxon word 
reafan, “ to levy, to seize,” whence also greve. The German word is 
graf. The gerefa seems to have been a fiscal officer, In the Saxon 
jod he re; mted the lord of a district, whether township or — 
undred, at the folkmote of the county; and within his district he 
levied the lord’s dues, and performed some of his judicial functions. 
(Palgrave, ‘ Rise and Progr.,’ i. 82.) He was usually not appointed by 
the lord, but elected by the freeholders of the district; and (accom- 
panied by four of them) was required to be present on its behalf, as 
well as on the lord’s, at the folkmote or county court, In like manner 
the Saxon prince or king employed in the shires or larger districts his 
refa or reve, who levied his dues, fines, and amerciaments ; to whom 

is writs were addressed ; who exercised on his behalf regal rights in 
the shire, for the preservation of the peace and the punishment of 
offenders; presided over the courts-leet or views of gers prin and 
(at least in the absence of the earl in ancient times, since the 
Conquest instead of .the earl) presided over the hundred and county 
courts. It is difficult to determine how far the functions of the 
sheriff were concurrent with and how far derived from the ealderman 
or earl of Saxon and Danish times; and the confusion between these 
offices has been increased by the translation, in our ancient laws, of 
the word sheriff in the Latin into vice comes, and in Norman French 
into visconte or viscount (deputy of the earl) ; whereas certainly many 
of the sheriff's powers even in Saxon times were derived from the 
freeholders, or from the crown alone, and the word 


periodically (8 s Gl., ‘ Vice Comes’) of his shire for the adminis- 
tration of justice (as the Saxon king made a circuit of his realm), he 
was accompanied not only by the olders, but by the bishop, the 
earl, and barons, until these noblemen were exem from the duty 


hath granted 
eriff in every 


B05 SHERIFF (SCOTLAND). 


SHEW-BREAD. 506 


shire (where the slreriff is not fixed in fee) ee er 
declaratory of the people’s right than a grant of a new privilege. 
By the 14 Edward IIL, c. 7, it is enacted that no sheriff tarry in 
his bailiwick more than a year, and then another, who hath land 
sufficient in his bailiwick, shall be ordained on the morrow of 
All Souls, 3rd November, by the chancellor, treasurer, and chief 
baron of the exchequer, taking to them the chief justices of either 
bench if they be present. This was the law also, till quite recently, 
ing under-sheriffs ; but it has now been altered. 

At present the crown in most cases appoints the sheriffs, and also 
fills up any vacancy which is occasioned by the death of a sheriff 
during his year of office. To some corporations of cities which are 
counties of themselves charters have given the power to elect their 
own sheriffs; the city of London has the right to elect the sheriff 
of Middlesex. In the county of Durham the bishop was sheriff until 
he was deprived of palatine powers in 1836; and in Westmoreland 
the office was hereditary in the family of the earl of Thanet as heir- 

of the Viponts, to whom the shrievalty was granted by king 

‘ohn, until the death of the last earl, when it lapsed to and was sub- 
sequently by statute vested in the Crown. The annual appointment 
of heriffs is now, in most counties, made thus:—On the morrow of 
St. Martin (12th November), the lord chancellor, first lord of the 
treasury, and chancellor of the exchequer, together with all the 
judges of the three courts of common law, meet in the exchequer 
chamber, the chancellor of the exchequer presiding. The judges 
then report the names -of three fit persons in each coun , and of 
these the first on the list is chosen, unless he assigns reasons 
The list thus made is again considered at a meeting 
of the Cabinet held on the morrow of the Purification (3rd February), 
at the of the council's, and attended by the clerks of the 
council, when the excuses of the parties nominated are again 
renee toe mnees are Sapliy Outen’ 0& Se tha seenoval of 
the queen, who, at a meeting of the privy council, pierces the parch- 
ment with a punch opposite the name of the selected for 
Sag rat meer ‘arisen the expression of “ pricking the 

= j of assize annually add the requisite number of 
ir li inserting those of persons recommended by the 


i 
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derives his authority from two patents, one of which 
custody of county, and the other commands 
toaid him. He takes an oath of office, the greater 
to his collection of the crown revenue, and he 
crown that he will duly account. He then 
by whom in fact the duties of the office 
These duties are various and important. Lord 
Coke quaintly says that the sheriff has a triple custody—Ist, of the 
life of juatice, because to him are addressed the writs commencing all 
actions (all of which are now abolished), and he returns the juries for 
the trial of men’s lives, liberties, lands, and goods; 2ndly, of the life 
because he judgments of the courts; and y, 
is in his county the principal con- 
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to seize the offender; he defends the county against riot 
i eo Lrevtesxant], and to t 
the assistance of : 
and who, when thus assembled under the sheriff's com- 
posse comitatds. [Posse Comrratus.] To refuse 
which he requires is an offence punishable by 
t. The sheriff takes precedence of all persons 
seizes all lands which have fallen to the crown, 
and forfeitures; but he is not permitted to act 
peace. He executes many of the writs that issue 
, and all writs of execution; he is likewise 
execution of criminals, He receives and entertains 
of assize, on whom he is constantly in attendance whilst 


of his duties, the sheriff employs 

a bailiff and jailers, from whom he takes 

their good conduct. He is prohibited by very ancient 
nies tren ee ne a te ae , 

The liability of the sheriff for breach or neglect of his duties is a 

frequent sort of litigation. Few assizes occur without actions being 

brought against him for illegal arrests or levies, or for wrongfully 

abstaining from executing the process addressed to him. Thus the 

decisions affecting him are numerous and complicated, and there are 

treatises concerning the office. 
IFF (SCOTLAND). In Scotland the duties of the sheriff 
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the 
times his authority to haye been merely of an executive cha- 
racter, and, by the crown, he was the person to whom the 
ing from the supreme courts, were 


usually directed. 
He was the ordinary conservator of the peace within the local limits of 


his authority. He was an important fiscal officer, having in the general 
case the duty of levying the feudal casualties, forfeitures, and other 
items of revenue; and by statute he was vested with the power of 
mustering the military force of the country to the weapon-showing. 
In very early times, his tenure of office appears to have been limited. 
by the grant; at a period comparatively later, the office became, in the 
general case, hereditary. The act for abolishing heritable jurisdictions 
m Scotland (20 Geo. IL., c. 43), was passed for the purpose of abolish- 
ing all those remnants of the feudal courts of Scotland which were 
hereditary, or in any other shape of the nature of property ; of bring- 
ing all judicial offices within the appointment of the crown, and their 
holders under responsibility to the public. By the same statute, the 
sheriff is authorised to appoint one or more substitutes; and at the 
present day there is a substitute in every county, and in the larger 
counties there are two or more. Both the sheriff and his substitute 
are lawyers, but the latter is the local resident judge, the former 
generally frequenting the courts in Edinburgh, where he hears appeals 
from his substitute, and making occasional visits to his county. By 
the Jurisdiction Act it was provided that each sheriff should reside 
in his county during four months in each year; this provision fell 
into desuetude, until by the 1 & 2 Vict. c. 119, it was enacted that 
each sheriff should remain in attendance on the court of session, but 
should hold eight courts in his county during the year. The sheriffs of 
Edinburgh and Lanark are exempted from attendance on the court of 
session, in the understanding that the business of their respective 
courts is sufficient fully to occupy their time. 

Tn civil questions an appeal lies from the sheriff-substitute to the 
sheriff, but wherever the former is a sound lawyer and an indus- 
trious man, the privilege isseldom used. From the state in which the 
profession of the bar of Scotland has been for many years past, several 
of its members have been induced to accept the office of sheriff- 
substitute as vacancies have occurred. Formerly the office fell to 
country practitioners, who, not quite contented with the emoluments, 
eked them out Leb ahaa practice ; a state of matters seriously detri- 
mental to the equal administration of justice. In some instances, even 
retired officers in the army or unprofessional country gentlemen were 
the best qualified persons who would undertake the office. No sheriff- 
substitute can now act as a law-agent, conveyancer, or banker; he is 
not removable, pt with the t of the lord president and lord 
justice clerk of the court of session, and must not be absent from his 
county more than six weeks in one year, or more than two weeks ata 
time, unless he obtain the consent of the sheriff, who must then act 
personally or appoint another substitute. In one or two instances, as 
in that of Kirkcudbright, the person who exercises the function of 
sheriff is called the Stewart, This designation owes its origin to 
certain peculiarities of territorial tenure which cannot be briefly ex- 
plained and are subject to doubt and dispute. After the Reformation, 
the sheriffs were generally appointed commissaries of the local com- 
missariat districts which most nearly conformed with their respective 
jurisdictions, and in 1823 (4 Geo. IV. c. 97) the commissariat functions 
were appointed to be merged in those of the sheriff. 

The jurisdiction of the sheriff in civil matters does not extend to 
questions regarding heritable or real property. He cannot judge in 
actions which are declaratory of rights, or which are of a rescissory 
nature—for the purpose of nullifying deeds or legal proceedings. In 
other respects his jurisdiction extends to all actions on debt or obliga- 
tion, without any limit as to the importance of the interests involved- 
He has also the same bankruptcy jurisdiction as the Court of Session. 
He does not act by a jury, though it appears that such an institution 
was formerly connected with the civil jurisdiction of the sheriff. He has 
authority by special statute summarily to decide small debt cases, that 
is, cases where the pecuniary value of the matter at issue does not exceed 
121. By railway statutes and other acts of local administration special 
functions are frequently conferred on him, and in the clauses for taking 
lands he is usually appointed to act as presiding judge when a jury is 
appointed to be empannelled. The decisions of the sheriff, when no 
proceedings have been taken to enforce them, may be carried into the 
Court of Session by advocation. 

The authority of the sheriff in matters criminal is practically to a 
great extent measured by the proceedings of the crown lawyers in 
leaving prosecutions to proceed before his court, or removing them to 
the Court of Justiciary. It is not very clearly to be traced how far, 
in old practice, the sheriff's jurisdiction was inferior to that of the 
Court of Justiciary : he had undoubtedly the power of punishing with 
death, though it has been long disused. The power of transporting, 
which is of comparatively late introduction, he never possessed, not 
having any criminal authority beyond his county. By degrees it came 
to be considered that the jurisdiction in the four pleas of the crown— 
murder, rape, robbery and wilful fire-raising—was exclusively in the 
higher court. Important criminal cases in the sheriff court are tried 
by jury. In more trifling matters the sheriff performs the functions of 
a police magistrate. In these cases the punishment must not exceed a 
fine of 10/. or sixty days’ imprisonment (9 Geo, IV. c. 29). 


SHEW-BREAD (0°32 O17'?), lechem-panim, “ bread of faces,” or, 


as it has been rendered, “ presence bread,” was the name given to the 
twelve unleavened loaves of bread, one for each of the tribes of Israel, 


| which were constantly displayed on a golden table in the holy place of 
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the Tabernacle and Temple. They were made of the finest wheat 
flour, and laid on the table in two similar piles, with frankincense and 
salt put over them. Every Sabbath they were renewed, and the old 
loaves were eaten by the priests in the holy place. The frankincense 
which was placed upon the shew-bread constituted it one of the 
“ offerings made by fire to the Lord.” The golden table on which 
they were placed was called the table of shew-bread. Wine was also 
placed upon it, and it was ished with gold dishes, bowls, and 
spoons. None but the priests were itted to eat of this bread; yet 
David, when in need, ate of it, and incurred no blame. 

SHIELD was a part of the ancient armour designed to ward off the 
strokes of the sword and all kinds of missiles, Shields were borne on 
the left arm, and were of different forms and sizes, and they were 
accordingly by different names. The circular or oval 
shield, the invention of which was ascribed to Proetus and Acrisius of 
Argos, was called in Latin clypeus, and in Greek aspis or sacos (aomls or 
edxos). A smaller kind of round shield was called parma; and a 
smaller kind of oval shield was called pelta, Scutum was properly 
speaking a square or oblong shield. The ancient writers, however, do 
not always accurately distinguish these different shields, but apply the 
name which properly denotes a particular kind of shield to shields in 
general. The shields in the earliest times were made of osiers twisted 
together (yé#a), or of wood, and this framework was covered with the 
skins of oxen, of which there were mostly several layers, one over 
the other, whence Homer frequently calls the shield “ seven-hided” 
(érraBéews). Xenophon (‘ Anab.,’ i. 8) describes the Egyptians, even 
of his time, as using wooden shields. The whole rim was surrounded 
with a metal edge. In the centre of the outer or convex side there 
was a projection called the émphalos (6updaAos), or umbo, in which some- 
times a spike was placed, which served as a weapon of attack yee 
enemy who a) ed too near. The object of the umbo, however, 
was to make the missiles glance off from the shield. In the inner or 
concave side there was a band of metal or leather, which went from 
rim to rim as a diameter, and under which the arm of the soldier was 
placed, so that the shield hung on the arm. Around the inner edge 
there was a number of small thongs, by means of which the shield was 
managed with the hand. The shields of distinguished ns, even as 
early as the time of Homer, were covered with metal plates, and fre- 
quently adorned with embossed figures. These figures were often of 
exquisite workmanship, as may be inferred from the descriptions of 
the magnificent shields of Achilles and Hercules in Homer and Hesiod, 
The shields of horsemen were generally smaller than those of the foot 
soldiers, The use of shields continued from ancient times throughout 
the middle ages, until they were made useless by the introduction of 
fire-arms. 

The shields of individuals, as well as of whole divisions of an army, 
had sometimes particular devices relating to memorable events in their 
history, and these are generally supposed to be the first traces of the 
armorial ings of more modern times. The numerous specimens of 
shields show that the knights of the middle ages were no less fond of 
adorning them with embossed figures, precious stones, &c., than the 
ancients, [Armour. 

SHIFTING USES. [Uszs.] 

SHIITES is the name of a sect among the Mohammedans. The 
word comes from shiah, “a faction, party, or set of men who separate 
themselves from the rest of the community,” and who entertain 
religious opinions contrary to those of the Sunnites, or people who 
belong to any of the four orthodox sects of Mohammedanism. The 
name of Siuites is principally used to designate the sectaries or ad- 
herents of Ali Ibn Abi Talib, who maintain him to be the lawful 
khalif and imdém, and that supreme authority, both in spiritual and 
temporal matters, belongs to his descendants. 

‘The Shiites are divided into numerous sects, of which the principal 
are: the Jmaémians, or those who believe that the office of imdm, or 
head of the church, is not dependent on the will of the people, and 
that religion consists solely in knowing who is the true imdm; the 
Zeydians, so called from the name of their founder, Zeyd, son of Ali, 
surnamed Zeynu-l-abadin (the ornament of the servants of God); the 
Khattabians, or disciples of Abt-1-Khattab, who maintain that paradise 
is no other thing than the pleasures of this world, which God grants to 
those with whom he is pleased: hence their indulgence in wine, music, 
and other things forbidden by the prophet. The Persians are Shiites, 
and the Turks Sunnites : hence the cause of the schism still subsisting 
between them, which has been maintained on both sides with ardent 
zeal and implacable hatred. The chief points wherein they differ may 
be reduced to three :—1. The Shiites reject Abi Bekr, Omar, and 
Othman, the first three khalifs, as and intruders ; whereas the 
Sunnites respect them as rightful iméms. 2. The Shiites prefer Ali 
to Mohammed, or at least look upon him as his equal in every : 
whilst the Sunnites admit neither Ali nor even any of the prophets to 
be equal to Mohammed. 3. The Sunnites receive the Sunna, or body 
of traditions concerning the prophet, as of canonical authority ; the 
Shiites reject it as apocryphal and unworthy of credit. 

SHIP, The ships of war employed at first by the maritime nations 
of jaodern Europe were galleys, moved either by wind or oars, and 
were similar, probably, to those of the Greeks and Romans. In the 
beginning of the 15th century, vessels of a like kind, but of greater 
dimensions, constituted portions of the navies of France and Spain; 


they were called Carraques, and it is said by a French author of that 
seem the English wilee Sesion cores 8 proach them. The term 
Galeasse was wards applied ‘to a kind of war-galley which was of 
greater length in proportion to its breadth than those generally con- 
structed ; its rowers were covered by a narrow deck each 
side of the vessel, and on this small cannon were mounted. Such were 
the vessels used by the Venetians at the battle of Lepanto. 

Before the reign of Henry VII. the naval force of this country con- 
sisted only of the vessels furnished at short notices by the Cinque- 
ports, besides such as were hired from English or foreign ; 
and, according to Du Bellay, some of the ships were a sort of 
galleys called Ramberges, in the management of which the 
mariners are said to have been very expert. Henry VII. caused to be 
constructed the Great Harry, the first ship which can be ranked as 
one belonging to the royal navy of England; and his successor, in 
1515, in emulation of Francis I., who had built a ship called the 
Caracon, carrying 100 guns, caused one of equal burden (about 1000 
tons), and carrying 122 guns, to be constructed. This was called the 
Henry Grace de Dieu. It appears to have been built rather for mag- 
nificence than use; not more than 13 of the guns were 9- 
or upwards ; and its construction must have been very defective, for 
it is said to have steered badly and to have rolled incessantly, After 
having made one voyage, it was disarmed at Bristol and suffered to 
decay. The French ship was equally unfortunate, having been acci- 
dentally destroyed by fire at Havre. Henry VIII. exerted himself, 
however, to place the maritime force of the nation in a train for being 
improved, for which purpose he organised the Admiralty and Navy 
Roards, and formed ‘dock ards at Deptford, Woolwich, and Ports- 
mouth. [Navy, Burma) 

During the reigns of Edward VI. and Elizabeth the royal navy 
became very powerful, and at the death of the queen it consisted of 
42 ships of war. In the time of James I. was built (1610) a ship 
called the Prince, carrying 64 guns, and of 1400 tons burden, bei 
largest which had been till then constructed. And before the civil war 
ee es Pe Fe puneed to be built one called the ieversise of the 

, Which carried above 106 guns, small and great ; ength was 
si ef and bet breath 48 feet. sf 

e ships 0 tage, foreign as well as English, were constructed 
with hulls extravagantly high, while the lower guns were frequently 
not more than three feet above the water; they were consequently 
very liable to ship seas at the lower ports during an action, when the 
waves ran high, or the ship heeled considerably, But the ri 
between Hngeud and the United Provinces in the 17th century, 
the desire which Louis XIV. entertained to raise the navy of France to 
Sues ough GF cherttog Silay of eoeh. ecueoee lle 

i eo i i of much greater 
pe Ba page oP ig The French king actually caused to be built 
at Toulon a ship called the Royal Louis, which carried 12-, 24-, and 
48-pounders on its upper, middle, and lower decks respectively. In the 
same age, and during the 18th century, naval architecture was zealo 
studied in France; and the English constructors were so sensible 
their inferiority, that in most of the ships built in E at that, 
time the proportions were copied from those of ships which had been 
taken in action from the rival nation. Thus the Leyiathan was built 
at Chatham nearly in conformity to the Courageux, a French 7 
ship; and several others according to the construction of the Invin- 
cible, which had been taken by Lord Anson during the Seven Years’ 
War. eyes 

During the 17th century the custom continued of gi to the 
sterns a great elevation above the surface of the water, axa vate 
that part, as well as the bows, with ornaments. The sterns of shi; 
war were, till about forty-five years since, made, at their phe 
with the sides, of an angular form, or, as they were called, square; and 
before 1729 they had projecting galleries or balconies ing across 
them, and to some distance along each after-quarter of the ship. The 
galleries were afterwards much diminished in breadth ; but it was not 
till 1796 that, by the influence of Lord Spencer, who was then the first 
lord of the ‘Admiralty, these, as well as the + projecting heads, 
were entirely omitted in the construction of ships. In 1816 Sir Robert 
Sepping? proposed i r t 
more flat ; and by the adoption of his plan there was gained consider- 
able strength, such a form enabling the ship to resist with great effect 
the force of a sea in striking the stern, and that of shot when fired 
against it. With respect also to the means of defence at the stern and 
quarters of a ship, it may be observed that the curvilinear stern has 

tly the advantage over those of an angular construction, there 
ing in the angular an interval opposite each quarter of the ship 
towards which none of the after-guns can be brought to bear, while 
such interval does not exist in the curvilinear. In a ship with a curvi- 
linear stern, the ports may be disposed so as to allow guns to fire in any 


, 


direction diverging from a centre within the ship; and at the same 
time the after broadside guns Pe eee et ein oo a 
towards the fore or after part of 


eship. Thus there will be aff 
eo 


may be added that when the : 
thelr greskesh Geares OF GEGttay to the sides -of the ships, 


to make the sterns curvilinear like the bows, but — 
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In 1791 there was formed, in London, a Society for the Improvement 
of Naval Architecture; and its first steps consisted in offering pri 


and both the theory and 
the school which was attached to the Naval College at 
the superintendence of Dr. Inman. During the 
ho , an Institute of Naval Architects, under the pe 

sidency of Sir John Pakington, was originated in London, and bi 
fair to bring together the ablest members of the profession in England, 
as also men eminent in mechanical science. The late principal of the 
School of Naval Architecture, the Rev. Dr. Woolley, has already given 


| 


Nayal Architects for 1860.’) 

it is intended to give some account of the 

of naval architecture; the mechanical con- 

the articles Sure-sur~pine and 

body of a ship about its middle has nearly the form of a portion 
with 


axis horizontal, and its convex surface 
surface of the water on which (oer Ace 


’s length, or, agreeably 
struction introduced by Sir Robert Seppings, curved so as to have, in 


e 
body of the 
direction towards the head and stern, so as to terminate at those 


in angles which diminish from that surface downwards; and a 
vertical section, taken ly to the length of the ship, at 
some distance from the towards either ity, presents on 


the vel of a ship is increased the ratio between its 
length breadth, and both 
augmenting that ratio; but this increase has 
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that the ratio of the breadth to the length varied from — to 


8°93 
gaz? #4 that it had no dependence either upon the number of guns 
or upon the tonnage of the ship. The greatest which may be 
Given to ahipe of wat Soa oles well ; and the length 
seems to have hitherto on in the navies of all nations, 
In 1786 was built the , of 100 guns; this was then the greatest 


three-lecker in the British and its 
1793 the Ville de Paris, of 110 guns, and 190 feet long, was built at 
Chatham ; and in 1809 was built the Caledonia, of guns, 

length was 205 feet, while the Hood of 91 gtins and 3232 tons, 


launched, at ga 
launched in 1959, having 26 guns, and being of the burden of 3202 
has ad length of 280 feet. 
the Vernon, and other ships which were built according to the de- 
signs of the late Sir William Symonds, the form of a transverse section 

vertically through the hull differs from that which had been 
Pere gven to ships, in exhibiting an increase of breadth above the 
plane of floatation (a horizontal plane passing through the ship when 
she floats upright, and coinciding with the surface of the water). This 
construction produces, without any diminution of velocity, an 


of stability not only when the ship is afloat, but also when, on lying 
aground, she is subject to the force of waves against her side. It may 
however be said to be attended by the disadvantages of too great 
stability ; that is, it may cause the ship to be considerably strained, 
and the masts to be carried away by a sudden impulse of the wind. 
The lateral action of the wind against the sails, and of the waves of 
the sea against the hull of a ship, are the causes that the plane passin; 
through its masts is made to decline from the vertical position which 
it has when the ship is at rest; and the ship is then prevented from 
being overturned only by the reaction of the water against the bottom 
and sides. The momentum of this reaction is that which is called the 
stability of the ship. The axis of the rotation has been placed by 
different writers in different situations, but both Bouguer and Euler 
have proved that, if the ship has not at the same time a pitching 
motion, it should be considered as a horizontal line passing through the 
centre of gravity of the ship. In order to find approximatively the 
dependence of a ship’s stability on its length and breadth, let it be 
supposed that the ship is a homogeneous solid in the form of a prism 
or segment of a eylinidet having its axis in a horizontal position ; and, 
the vessel being supposed to float upright, let apo (fig. 1) be a 
transverse section through the immersed part in a vertical plane 


Fig: t. / 
/ 


c 


passing through c and g, which are respectively the centres of gravity 
of the whole solid and of that part (a B) coinciding with the surface of 
the water : let also 4’ 8B’ oc’ be the position of the same section when the 
vessel is inclined. Now, while the weight of the ship remains the 
same, the volume of the immersed part is the same whether the ship 
be upright or inclined, and the volume raised above the water by the 
inclination on one side is equal to the volume depressed below it on the 
other ; therefore the area mo'N may be considered as equal to a cB, 
and a’pM to B’DN. Next let p and q be the centres of gravity of the 
spaces last mentioned; then, by mechanics, the centre of 
gravity of MpB’o’ will be at some point,as 7 in pg produced, the 
isplacement of g by the inclination being supposed to be very small ; 
the centre of gravity of mc’n (the section immersed when the 
solid is inclined) will be at some point 4 in gr: also— 


a’s’C' : ADM: : pr: gr, and 
mO'N (=a’B'0') : B’DN (=A’/DM) : : gr 7H. 


Therefore, pr and gr are cut proportionally in g and un; and gn is 
parallel to pg. Consequently— 


prigrv::pq:gh, 
or ABO: ADM: i pq: gH; 


and if the inclination of the ship is very small, yH may be considered 
se peel to aB. Draw the vertical line us, and @x parallel to aB; 
en gH=GK. 

The area ABC may represent the yolume (vy) of the displacement, or 
of the immersed part of the ship; and the area a’pM, the volume 
raised above or depressed below ap in consequence of the inclination, 
i i ing supposed to be very small, it may be con- 
pe ight-angled at m: and if the length and half- 
breadth of the solid be represented by / and b respectively, we have 
Sap for the representation of the elevated ,or depressed volume. 

ut AM varies with b; therefore, such volume varies with 1.52. Again, 
by mechanics, the distance of the centre of gravity of each of those 
volumes from a horizontal line passing through p, in a direction paral- 
lel to the axis of the solid, is equal to 20; therefore, the line pq —* 6, 


on pa varies with b, Then substituting, in the last proportion above, 
vy for a Bo, /,b? for a'DM, and b for pq; also putting ox for gH, we find 


that ax varies with = 3 or v.ak & 1.58, Now the force of the water 
to prevent the ship from being overturned taking place, by hydrosta- 
tics, in the vertical line Hs passing through H, and being represented 


by v; also the ship being supposed to turn about a longitudinal axis 
passing @, we have v.ak for the momentum of the ship's 


Su 


stability ; but the triangle xs ia similar to 4/sD, all the sides of one 
being perpendicular to those of the other: therefore 


A'M > DM ?:GK 568, 


Again, a’m varies with pM; therefore, ox varies with os and v.cs 
« 103: that is v.cs also the momentum of the ship’s stabi- 
lity. The point 8 is the meta-centre, and it indicates the most 
elevated position which the centre of gravity a can have consistently 
with the stability ; for when G coincides with s, it is evident that the 
above expression vanishes, 

Since the depth of the ship does not enter into the expression /.b', 
it may be inferred that when ships have equal lengths and breadths, 
they will have equal stabilities, whatever be their depths. Again, when 
they have equal breadths, their stabilities will vary with their lengths ; 
and when they have equal lengths, the stabilities iy ¢ with the cubes 
of their ths. It follows also that, in general, the stability of a 
ship is directly proportional to its length and to the cube of its breadth, 
whatever be its depth. 

In the next place, in order to find approximatively the relations be- 
tween the Selecie of a ship and its dimensions, let the ship be 
represented by an isosceles trian prism having the greatest rect- 
angular surface uppermost and parallel to the surface of the water, and 
the triangular ends perpendicular to that surface, so that the fore and 
after parts are rectangular planes inclined to the same surface ; then 
for the present purpose we may assume that the resistance experienced 
in moving through the water is expressed by v.? a sin’ 1, [Hypropy- 
namics], where v is the velocity of the vessel, a the superficies of the 
inclined front, and 1 its inclination to the surface of the water. But 
the resistance of the water is directly proportional to the moving 
power, that is, to the pressure of the = Ba the sails, and this last 
varies with the area of the sails, which may be represented by a: 
therefore, v? « w a Again, the momentum of the ship's sta- 

A. sin. . 
bility is directly proportional to the momentum of the wind on the 
sails, and the latter is expressed by the product of the area of the sails 
into the height of the centre of pressure (centre of gravity of the sails) 
above the axis of rotation: now this height varies with the height of 
the sails; that is, with the square root of their area, the sails in differ- 
ent ships being supposed to be similar plane figures. Therefore, the 


momentum of stability varies with a, or a@« (moment. of stability), 

Let l be the half length of the vessel, } its breadth, and d its depth; 

then the momentum of stability as above may be represented by /.05, 
3 


A will be equal to 0(2?+?)? and sin? 1 to 
LAnl2+d*). 
a’ 


Hence, v? « 
(2 +a 
and this being simplified, neglecting 13, which may be 
abi 


considered as small when compared with a we have v « 


- ad 
This expression indicates that the velocity will be increased b 
diminishing d, which may represent the ship's draught, or the depth 
to which she is immersed. It is evident also that the like effect will 
-rored if the length or the breadth, or both, are increased (the 
th of the sail being supposed to increase with that of the ship) ; 
and since, in this case, the stability will at the same time be increased, 
this will permit the ship to carry a greater quantity of sail; but the 
number of the crew being supposed to vary with the area of the sail, 
an increase of the latter is in general attended with a corresponding 
increase of expense. The factors in the value of v being different 
powers of 6, 1, and d, it thence follows that ships having the same pro- 
portions possess unequal sailing properties; it may be perceived 
indeed that a small ship built according to the proportions of a large 
one which is known to sail well will not the like good quality. 
On the other hand it may be inferred that a vessel having the same 
portions as a good one of smaller dimensions will be superior to the 
a lf two ships sails proportional to their stabilities, and if 
the height of the lower tier of guns above water be the same in both 
when the ships float upright ; then, the inclinations of the planes of 
their masts being also supposed to be equal, the lower guns of the 
smaller ship will be farther from the water than those of the 
ship, and, oe the aie ight be in Senge when the other 
wo! safe. Consequently, e test, possible quantity of sail 
be given to the smaller ship, a reds quantity a hermit to its 
stability ought to be given to the larger. 

The discovery of the elements on which depend the stability and 
the sailing properties of ships will probably be made rather by study- 
ing the proportions of such as from experience have been found to 
possess the desired qualities, than by purely scientific researches ; and 
as a step preparatory to this study it will be n to be acquainted 
with the methods by which, in a body like a ship, which cannot be 
considered as corresponding to any geometrical solid, the areas of 
sections, the volume of the whole or of the part immersed in the 
water, the position of the centre of gravity of the hull or the sails, &c., 
are found. 

The method of equidistant ordinates is generally used for these 
purposes; and in finding the area of a section, some line in it being 
taken as an axis, an uneyen number of lines as ordinates are drawn or 


SHIP. 
supposed to be drawn at equal distances from one another 
so any gag ar till cued the surface es the ship The a 
lengths ese ordinates being known by actual veasurement, or 
j Lipa scale of the drawing, and also isa bance A 
curve line in which the plane of the 
the ship being considered, between every three consecutive 
as an arc of the common parabola ; by Sterling's rules, the area will be 
found as follows: let the figure represent the half plan, divide it into 


any number of equal parts, say eight. 


1 2 3 4 5 6 7 8 9 


 . . = 27/4 4: 
Then area = gat 4r+2q) 2'(S+28 +¢) in which 


A = sum of first and last ordinates, 

P = sum of even ordinates, 

Q = sum of remaining ordinates, \ 

r = common distance between the ordinates ; phe 
or, according to his second rule, the ordinates may be drawn so that — 
the coal intervals are made some multiple of the number 3, in which 
case the ; 


Area = “(a + 2r43q =%{(3 +P +14¢) where 
A = sum of first and last ordinates, 
P = sum of 4th, 7th, 10th, &c., ordinates, 
Q = sum of remaining ordinates, 


Either rule may be used, for whether the curve be considered as a 
common parabola, or as a cubic parabola, will scarcely affect the © 
practical result. 

By either of these rules the area of a vertical section the. 
middle of the ship’s breadth in a longitudinal direction, or 4 
auy of the ship’s length in a transverse direction, and also the area 
of a horizontal section coincident with or parallel to the surface of the 
water, may be found. The same formule may be applied to determine — 
the volume of the whole hull, or of the displacement ; for this : 
vertical sections may be supposed to pass through the istat 
ordinates drawn perpendicularly to the 4 ee axis of the ship, 
and their areas to be computed as above. e formule may also be 
employed to determine the momentum of any part of the ship with 

to some line aboyt which it may be made to turn, or with 
pone to a plane passing ugh such line. 

n order to find the centre of gravity of the displacement, that is, 
the immersed of the ship (considered as a homogeneous solid’ 
when the ship floats upright} imagine that immersed part to be divided 
ply epoeacr dl vertical planes perpendicular to the ship’s length, and — 

by equidistant horizontal planes ; then the area of each horizontal 
section between every two vertical planes being multiplied by the 
vertical distance of that horizontal section below the surface of the 
water, and all the products being added together by either of the above 
formule, the sum will be the momentum of the immersed part with 
respect to the horizontal plane at the surface of the water. This 
momentum being divided by the volume of the immersed part com- 
puted as above, gives by mechanics the distance of the centre of iy 
ower. the gered of the bigot foyer ag manner peed nd 

e position of the centre of gravity with respect to a v plane 
paaebaa pargendioniealy to the length of the ship, suppose at one of its 
extremities; and thus its position may be completely determined. 
From the symmetry of the ship’s figure on each si eee 
through its masts and keel, the centre of gravity of the whole shi 
always be in that plane; and that of the immersed part will be in the 
same plane when the ship floats upright. . 

The position of a vertical line through the centre of gravity 
of the whole ship may be found by determining that of a vertical line 

ing through the centre of gravity of the displacement; for, by 

ydrostatics, when the ship floats with its masts u it, these lines 
are coincident. But the determination of the place of the centre of 
gravity in this line is a problem of considerable difficulty on account of 
the on the subject, arising from the form of the hull, the 
itions of masts, rigging, guns, lading, &c.:; and it can only be 
‘ound mathematically by ascertaining the place of the centre of gravity 
and the ohm wheal mmr. separate object constituting the mass of the 
pach Sg its lading. The momenta of all these objects being computed 
with respect to any one plane, as that of floatation (the horizontal 
plane at the level of the water), the difference between the sums of the 
momenta of the objects above and below that plane is, by the nature 
of the centre of gravity, equal to the product of the weight of the 
whole ship into the distance of the required centre of gravity from the 
same plane. Hence the situation of int might be found, 3 

The most simple mechanical method of finding the centre of gravity _ 
of aship is probably that which was proposed by Mr. Major in the 
‘ Annals of hilosoph , June, 1826, It consists in makivg the ship 
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when afloat heel (the plane of its masts to incline) through equal 
angles by means of weights applied successively to a mast, and made 
to act horizontally at different distances above the deck; these weights 
being reduced to directions perpendicular to the inclining mast (by 
multiplying them into the cosine of the inclination), and then multi- 
their respective* distances from the unknown centre of 
of the ship, will give two products which are equal to one 
; each of them being equal to the momentum of the resistance 
thi tends to prevent heeling; hence by algebra the 
centre of gravity from either of the points at which 
applied may be found. 
ion for the nomentum arising from the pressure of 
the wind against the sails, it is usual to consider the whole force of the 
wind as acting at the centre of gravity of the sails ; and this point may 
by multiplying separately the area of each sail into the 
its centre of gravity above a horizontal axis passing through 
the centre of gravity of the ship. The quotient arising from the sum 
SU Ugia siassea digided, Uy the vam ol the arena of all the sails will 
the required centre of gravity above that axis ; 
and similarly the position of the centre of gravity of the sails with 
rae Sees ee ea ee ee 
‘0 


part of the ship supposed to be homogeneous, when the plane of a 
ship's masts is made to incline by the lateral action of the wind, the 
i to be a horizontal line passi 

be first obtained by 


line; then 
volumes may be found by com- 
A’ DM, B' DN, in all the vertical 
one another in the direction of 


= vce then adding the products 1 by one of 

formule given. Inthe‘ Quarterly Journal of Science,’ April, 

1830, the area of either triangle, as 4’ pm, is expressed by 247" 

Telaiing Cao anehe-a'n sr 8 (tn akia of lecing)” Al the consents 
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should be stated here that, since a ship in tacking is supposed to turn 
horizontally about a vertical axis passing through its centre of gravity, 
the resistance then experienced, which is proportional to the square of 
the distances of its extremities from that axis, will be a minimum 
when the centre of gravity is in the middle of the ship’s length; but, 
on the other hand, the power of the rudder depending on its distance 
from the same axis of rotation, that power would be increased by 
having the centre of gravity at some distance before the middle 
point. 

When a vessel which is partly immersed in a fluid moves through 
that fluid, it always experiences a resistance in a direction contrary to 
that of its motion, in consequence of the inertia of the water; but it 
experiences also a resistance on account of the particles of water which 
are immediately struck by the vessel, and those immediately beyond 
them to a certain distance, being for a time compressed on all sides by 
the vessel and the surrounding fluid, and thus compelled to rise above 
the general level. The elevated fluid will be highest before the middle 

int at the bows of the vessel ; and the h. tical pressure arising 

the elevation, combined with the reaction of the neighbouring fluid, 
will cause the particles to flow off laterally in the direction of some 
curve-line whose convexity is towards the vessel, after which they will 
mix with the fluid on each side. Now let apB, fig. 8, be a horizontal 


section through the ship at the general level of the water, and let ceD 
be the space occupied by the confined water in front of the ship; then 
if an artificial prow of that acute form were given to the ship, the 
particles of water contiguous to the sides of such prow would create 
very little resistance in addition to that which arises from the inertia 
of the water, while the latter resistance will evidently be so much the 
— as the bows are more obtuse. Beyond p and E the particles 

owing along the side exert forces arising from friction, adhesion, and 
the lateral pressure of the neighbouring water ; and at certain points, 
as F and G, they pass off in the directions of tangents at those points. 
The force of friction and adhesion is very considerable, particularly if 
the surface is rough and unequal; and if the vessel is moving with or 
against a current, the pressure against its sides is equal to that which 
would be experienced if the water were at rest, diminished or increased 
on any given area by the weight of a column of the fluid whose base is 
that area, and whose height is that which is due to the velocity of the 
water, It has been found moreover by experiment, that if both vessel 
and fluid are in motion, with equal velocities in the same direction, 
the buoyancy of the vessel is the same as if both were at rest; but 
when the velocity of the vessel is less or greater than that of the fluid 
in the same direction, the vessel either sinks or rises in the fluid by a 
quantity equal to the height due to the difference of the velocities, 
and this circumstance must in some measure modify the resistance of 
the water the vessel. 

Besides the resistance arising from the friction of the water along 
the sides of the vessel, there must be noticed the diminution of pres- 
sure the after part, in consequence of the water displaced by 
the motion not falling in behind with sufficient velocity to bring the 
surface there to the same level as in front. The particles of water 
diverging from the sides of the vessel in oblique directions, as ¥ H, are 
by the lateral resistance of the neighbouring fluid deflected so as to 
describe curve-lines which finally unite behind the stern in some point, 
ast. But the force exerted to deflect the particles from the direction 
FH causes a diminution of the pressure which the water would have 
otherwise exerted against the after part of the vessel ; and consequently 
it is to be considered as an additional power opposing the forward 
movement of the vessel. The force of deflection, and consequently 
the retardation, will evidently be less in proportion as the tangent F H 
is nearer to the side of the vessel, or as the point F is more distant 
from the stern ; and this circumstance indicates the advantage which 
ships of considerable length have over others. It is easy to understand 
however from the breaking and foaming of the water at the head and 
stern of a vessel when moving with considerable velocity, that the 
effects of the resistances will be greatly modified by the collisions of 
pont pee: of water with each other, and with the surface of the 

, in consequence of the shocks produced by its motion, and by 
the effort of the water to return to a state of equilibrium, 

In order to obtain an expression for the resistance of the water 
against a ship, the part of the immersed surface which is before the 

transverse vertical section is supposed to be divided by a 
number of such transverse sections at een, distances from one another, 
measured perpendicularly between them, and by a number of sections 
parallel to the plane of floatation at equal distances from one another 
vertically. Thus the surface of the immersed part in front of the 
may transverse section is divided into trapezoidal figures; anda 

e division of the immersed part of the ship's surface abaft of the 

LL 
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is 
triangles by a diagonal line, and the area of 
(found by admeasurement of its 


the whole resistance of rege aman the ship. 
resistance against one ship with 


sufficiently prove that the resistance experienced by a 
moving through a fluid is less when the greatest breadth of 
is at some distance before the middle of its length, than when 
it is precisely at that place, but the most advantageous situation of 
what is called the midship section (the greatest vertical section taken 
perpendicularly to the length of the ship) is far from ha been as 
yet determined. In order to find its dependente upon the direct 
resistance of the water, M. Chapman proceeds in the following manner: 
He considers the ship to be represented by a solid in the formi of 
two isosceles wedges joined together at their heads and to move in 
the water with the planes which are perpendicular to their edges 
parallel to its surface. Now it is evident that when the solid is at 
rest in still water, the opposite pressures of the water against the 
faces in front, and against those which are behind the plane of junc- 
tion, or of the greatest transverse section, will be equal to one another 
in directions parallel to the length of the solid. Also that, when in 
motion, the front faces will experience directly that resistance of 
the water which is due to the velocity of the solid, and that the 
after faces, by receding from the water in consequence of the advance 
of the body, will lose a portion of the pressure which they would 
have experienced had the body been at rest,and which would thus 
have indirectly contributed to force the body forward. It must 
moreover be o ed that the water is driven forward in front. of 
the vessel with a velocity which may be represented by wv ; and that 
as the water in front becomes higher than that which is behind 
the greatest transverse section, it will flow towards the stern with a 
velocity which may be represented by v”. Hence if a be the sum of 
the areas of the two oblique surfaces in front of that greatest section, 
and B that of the surfaces abaft of the same section; also if @ and @ 
be the inclinations of those surfaces respectively to the line of motion, 
and v be the velocity of the body, we have, supposing the resist- 
ance to vary with the square of the velocity and the cube of the sine 
of the inclination, 

A (v—v’)?sin.20+B (v +7”)? sin.20’ 


for the value of the whole resistance; or, for a sin. @ and Bain. 7 
putting their equal c (the area of the transverse section) the expression 
es the resistance becomes 


© { ve’) sin.? 0+ (v+ v”)sin2d}. 


This formula indicates that such a body will always meet with less 
tesistance when ¢ is in front, than when it is abaft at the middle point 
in the length ; that is, when @ is ter than 6: it indicates also that 
the place of the greatest breadth when the resistance is a minimum 
depends on the values of r—v’ and of v+v", and that the greater v' 
and vr” are with to v, the farther should the greatest breadth 
be in front of the middle point. 

Imagining a horizontal section through a ship at the surface of the 
water to present the form of four portions of parabolas, the two in 
front of the greatest transverse section being similar and equal on 
cpp sides of the longitudinal axis; and likewise the two portions 

ft of that section being similar and equal to oneanother, but different 
from the two former portions, Chapman finds, as approximations to the 
place of that section, that its distance in front of the middle 
of the ship’s length may be four, six, or eight times the horizontal 
distance of the centre o! vity of the whole ship from that middle 
point. And his observation is that the first distance might serve for 
aarp vewsels, as frigates, and the last for merchant ships, which are 
much broader than the others in proportion to their lengths. Colonel 
Beaufoy’s be ere with solids of various forms indicate that, in 

, the distance of the midship section in front of the middle 
point in the length should be one-tenth of the 

It must be understood that the assumptions on which the formula 
expressing the relations between the principal dimensions of ships, and 
between the dimensions and velocity, have been investigated, are far 
from bmg’ Recarigg vy to the circumstances of a 
through water, and the same may be said of the a 
oes place of the greatest transverse section ; uen’ 
formule afford but remo’ Pepersieistons to the tie Shieh 
guide the naval architect in the formation of adesign. A far more 
perfect knowledge than we have at present of the action of the wind on 
the sails, of the resistance of the water, and of the conditions of 

in a ship, will be necessary before the results of analysis will 
be capable of applied directly to the details of 


ote be ate ea eel ae 
on o! Ww orm. r 
the su’ of a fluid, and as wy A con foo there 
eavy weights from place to place; the forms under which such * 
bodies are usually constructed, either for pu: of war or commerce, 
demand our notice. The consideration of mode of construction 
forms no part of the requisites of this article; we refer, therefore, 
Locie nh marae: sence net naval architecture, as illustrated under the 
Hr 


a 
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words Sairsvitpine and SreaM-VeEssEL. 

The most essential conditions in the construction of a ship are, that 
it be capable of carrying its stores and its or ; that it 
mo wind or steam with velocity, and that it readily obey 
the motion of the rudder; that it have the stability, so as 
not to be overturned when acted upon by the wind or waves; 


? 
Sally See its sollte ce ee ae ee ee 
possible on the timbers. These conditions are in some respects con- 
trary to each other; and the degree of attainment for each will 
depend in on the whether of war or commerce, for 


le of being varied within very distant limits. The 

ape sea 9 | Senta: bodies learned 28 Sa 
so imperfectly known, that the most proper proportions w 

the several.dimensions should have to eholi ctbey ta order that such 
resistance may be as little as possible, are yet to be determined; and 
in the present state of science, those proportions can only be obtained 
from the dimensions of ships of different classes which have been 
observed to possess the best sailing properties. 


In merchant pra Ky ching? fe frequently of more import- 
th, and t less nH ; 
depth depend less upon hydrodyna- 


on naval architecture, that the number and weight of the con- 
stitute the basis of the design; for from these the of the 
whole ship, or the volume of the water which it will displace, may be 
estimated, The distance between the on the decks must be such 
as by experience has been found sufficient for working them; and 
hence the number of decks being given, the least length which the 
ship should have becomes known. breadth also must in part be 
determined by the artillery ; for on each side of the ship, between the 
hatches or ladder-ways and the reat of the gun. after the 
recoil, there must be room for a free passage ; but this element must 
also be great enough to afford the necessary stability, that 


j 


EEL 


tendency of a lateral wind to turn the ber Papa a lo 
may be resisted. The draught of water (the depth to which the 
is immersed) may depend on the depth of water in the harbours 
roadsteads ; but it should also be determined from experience, so that 
the ship may be prevented as much as possible from making 1 
Ponclog Sewye the eee abere view: must —- that, while ne 
upper of guns are kept as low as possible, the height of the 
lowest tier above the water, when the ship floats u , May be not 
less than six feet, in order that the lower guns may be worked when 
the ship has considerable inclination. Finally, the form of the bo 
must be that which is most favourable for velocity, by 

least possible resistance of the water at the bows and along the 
which allows the greatest lateral resistance ; and which will permit th 
rudder to act with most effect in causing the ship to be turned 
a vertical axis, And if, when in the design for a ship all these 


oe 


Eee 


ditions are fulfilled, the displacement (weight of the volume of water 
which would fill the oceupied by the ship below the general 
surface of the water in which she floats) is equal to the whole 
weight of the ship, the several dimensions may be considered as nearly 
correct. 

With regard to ships of war, a reference to our word Navy will 
show that so great are the changes resulting from the adoption of the 
screw as a means of iary propulsion, together a total 
revolution commenced in of armament, the discussion 
herein of embryo theories would be incompatible with 


VY BSSEL, 
Ships intended for the merchant service may be divided into 


period 

of beauty in a ship vary as our notions of their adaptation to certain 
i speed alone as our standard of reference, 

slimness of form and lighinet Saree to the judgment, while 


at once among shipping the distinctive qualifications which stamp thie 
racer, the , or, 80 to the horse of burden. @ 
Unf however, this apparent facility of rough appreciation 
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forms one of the drawbacks to which naval 


requi 
So eral pas erm the burden is placed too low, the rolling 
ill be , and the masts may ; on the other hand, 


Of suf cuflcient fulness bove load-water line to prevent too great 
f above - 0 
plunging in bad weather : 

Sufficiently free from unnecessary top-weight also to ease a ship in 


A bow in which the floor extends as far as possible into the forefoot, 
buh Pienes semis silo we grorey) tines af tie bull; serring 94 
motion. 


another check on inconvenient vertical 


We Gan : ie ee th t " 

7 mos fle the submerged Sealed the : OE 
e su 

Sees teted ao casei fn Fes tate lines cs vowel tom bore. 

, er the run is said to be: 


or blend with the lines of the 


sections as, from capacity and gradual displacement of water 
at such times, to furnish an easy check to the violent motion of 
rolling or pitching : 
So well noe 
ight, si s 
requisite deck operations 


the expense of stability, and vice versd ; 
forefoot so deep as to give ? 
|, Ww 


orks as to prevent unnecessary to; 
tetiitesl tones for extites at Wee 


meets the weather 
to impede ready working in stays : 


—while not so 
fim em to gi it to 
so deep as to give sufficient power 
hold of i 
water. 


the helm in its ample 
the draught of 


It may well be imagined that the above requirements, so antagonistic 
es, generate a vast variety of forms of vessels; but not even 
the absolute shape of the fabric itself can insure an accurate perform- 
ance when under sail ; for other important considerations arise even in 
eens on tne sisip, 26 foe instance > — 


little towards the stern (or should ved nag! errs is); this has a 
double advantage: 1st, it tends to steadiness of the hull in a sea way, 
when moving upon her midship axis, in the action of pitching, inas- 
much as the of the spars, sails, 


the water, without increasing 


— 


in this case the weight of the whole mast tends towards a lower point. 
on 


5 instance at 
Hsing ts wr Li ts js tnanltess danger O84 


searcely le whether the new form of nc 
former disadya sof Placing the Tora in hip 
perhaps tons (inclu spars, sails, 

centre of gy of oie mass. It Yad a, ; 


wherein the lower masts are so long as to throw the centre of effort of 
their top-sails and top-gallant sails higher than necessary above the 
decks, and by thus increasing the leverage of the force of the wind, 


throwing the hull out of the perpendicular and distorting the water- 
line, as in the following diagram. 


i { | 
4 
Water-line. Water-line. 


When such is the case, the vessel has a constant tendency to fly up to 
windward, and requires the helm to be so placed as to counteract this 
tendency, but it forms a complete drag upon her motion. (See a in 
the above figure.) ; 

Enough has been said on the general consideration of a ship as 
a mere sailing body, as adapted to the propulsion of such bodies by 
steam. The subject will admit of further remark under the word 
Sream-VeEsseL. <A few outline diagrams are here added in illustration 
of terms usually applied to the different descriptions of sailing vessels. 


Ship. Barque, Brig. 
P 
Leth iN 
Brigantine. Schooner, Galliot, 
Ketch, Yawl. Lugger. 
A 
Coli ea 


SHIPBUILDING, as a science, has, under the term Naval Archi- 
tecture, so extensive a subject as to nendeg it difficult to 
condense within the limits of a concise statement, sufficient to illus- 
trate even its main principles, without undue intrusion upon the 
consistent limits of a Cyclopmdia, 

_ The isé form of a ship need not here be a main consideration ; 
under word SrgaMm-VessEL will be given such information here- 
upon as illustrates the green of ; which, although belonging 
also to certain classes of sailing-y , is more immediately and more 
pore connected with steamers whose powers are dependent on a 
limited amount of their pri means of propulsion, namely, coal. 
We here consider, this word, the hull or body of a ship as a 
hollow shell, intended to accomplish a required displacement of water 
under different specific amounts of immersion, Were it merely the 
object to build such a fabric as is capable of roatasion. in a fluid at rest, 

elucidation of principles already given would suffice; but we have 
to illustrate certain considerations which are conducive to strength : 
and a difficulty arises of fairly estimating the amount of strength 
demanded, not at any particular part in the frame of a ship, but 
throughout the whole mass; for it becomes a most intricate question 
to estimate in a ship even an ximate amount of relative strain, 
and its importance in the eco: distribution of material may be 
said fh comupeioe toe mers exsane demands on the skill of the accom- 
plished m: ic and i 


The subject here would qoaenny vide into two distinct branches ; 
for while there exists in ls of the mercantile marine a series of 
tions adapted to the general requirements of commerce, such 


as the carrying of heavy burdens, or of passengers, another class of 
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ships is demanded of the naval architect which shall fulfil all the 
necessities of fighting ships; but those of the latter class will be 
more conveniently treated of under Sream-VeEssev. 

When a ship is to be constructed, the first consideration is the 
required amount of tonnage. This being once determined, a knowl 
of the pu for which the ship is intended lates the builder in 
his fixing the amount of midship area, from which all the other dimen- 
sions originate, In forming the area of the midship section, the good 
qualities of the ship chiefly depend on the selection of the breadth (or 
beam as it is called) for on this rests the important question of 
stability or stiffness under sail, It is customary to consider the 
primary form of the ship as a quadrangular prism of contents equal to 
the required tonnage :—of course its midship section will be a rectan- 
gular parallelogram. Suppose, for example, it were required to build 
a ship of certain tonnage [Tonnace], whose midship sectional area is 
to be 805 square feet, the beam 35 feet, then GY = 23 feet the 
depth. The primary body plan and whole breadth plan would be as 
under :— 


Fig. 1. 
‘a 1 
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©GHD would be the midship area, cp the beam, cG the depth. 
Now although this represents the amount of displacement for tonnage, 
it requires the skill and taste of the naval architect to adapt the out- 
line of such capacity to the requirements of the ship, having ace 
regard to speed, carrying qualifications, rolling, stability, &c. &. This 
is to be done by an interchange of areas in the following manner :— 
Suppose a moderate amount of speed is to be blended with average 
carrying qualities, the dotted curve would be so drawn as to let the 
area E compensate for the abstracted area B; or if speed in particular 
be desirable, then the area F would compensate the area a. It will 
thus be manifest that a wide range of form is open to the shipbuilder, 
while his chief aim is not to disturb the amount of area of the mid- 


‘20 
ship section. And again taking the form of the ship at the load-water 


| line—the primary parallelogram would be 4B 0D, a horizontal section 


of the primary quadrangular prism as under,— 
Fig. 2. 
A f 


fale . 


c D 


Now in order to shape the ends so as to give sailing qualities, it, as 
in the former case, again taxes the skill of builder to i 
areas, 80 as not to disturb the gross ent :—in the above 
figure we have supposed the area marked a to be taken from the 
parallelogram and transferred to a’ ;—that marked ¢ to be transferred 
hard dhe At Hence the ce in plan and section is 

etermined, wings re i @ necessary intermediate 
elevations and sections, Saueelty Gas Sia of a quarter of an inch 
to a foot, are prepared, and copies of these, enlarged to the full size of 
the objects which they represent in the intended ship, are traced with 
rife) ~ we of an a) ent called the ‘ mould-loft.” 

of the loft is generally equal to half that of the greatest shi 

which it may neg nee to build, and of the whole height of the hak 
in addition ; so there may be traced upon it a horizontal plan of 
half the ship in the direction of its length, and beyond one extremity 
of the plan a representation, in the same plane, of a transverse section 
of the ship in a vertical e at the place of its greatest breadth, 
Such plan and section laid down, there are drawn with chalk, 
from their proper places in the plan, representations of the timber ribs 
or frames as they would appear in as many transverse sections of the 
ship: pieces of plank about three-quarters of an inch thick are then 
cut so as to correspond to the forms of the timbers ; and these, which 
are called the moulds, become the patterns by which the timbers are 
to be cut from the tree or log of wood. But, as such a mould can 


only 
give the form of the timber in the direction of its length, and as the 
oblique positions in which the timbers stand in the ship may cause the 
angle which the faces of each timber make with one another to be 


Fig, 3. 
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acute or obtuse, and to vary in the same piece, certain marks on the 
of the boards are to indicate the directions in which the 

are to be cut. The operation of cutting the 
the forms of the mould-boards is called “ con- 
oak are placed on the building-slip ieee cut 

in an inclined plane descending towards the water) in the ion of 


in a plane making an aes of about three degrees with the horizon ; 

is laid the keel an, fig. 3. 
est timber of the ship, extends from one end to the other, and upon 
it is raised the whole fabric ; it is of elm, and for a large ship it con- 
sists of two or more pieces scarfed together at their extremities. 
Timbers, called the “ dead-wood,” are then placed at o and p longi- 
tudinally upon the keel from each extremity of the latter towards its 
middle; the u; surface of this mass is cut in a curvilinear form b,b, 
and with this li 


is called square, a particular frame, Ce transoms or 


The sides and up; 
the floor-tim (the lower portions, de, fig. 4, of those 
timbers which are to form the ribs of the hull) : these are placed across 
i ly to its length, and the other portions (called 


the keel 
futtocks), ef, fg, &c., of which each rib is formed, are succes- 
sively above them, abutting end to end, or the head of a lower one 


pager heel of that which is immediately above it. The ends of 
futtock-pieces in every rib are made to fall near the middle of the 
length of those in the rib on each side of it; and they are united 
together by peer heres or plugs of wood, which enter about two 
inches into those ends at the places of junction; c, c, ¢, &¢., fig. 3, 


longitudinally 


represent sections of the ribs made by a plane i : ly 
of parts 


through the middle of the keel, and the interior s 


the ribs appear at d,d,&c. The ribs were formerly so that 
their planes were perpendicular to the keel, but Dr. Totan ‘es dis- 
posed them so as to be in vertical ions when the ship floats 
upright. Except near the two of the ship, their planes are 
perpendicular to a horizontal line drawn in the plane of floatation 
through the whole length; but at the bows always, and at the stern if 
the latter is to be curvilinear, the vertical planes which the ribs 
on each side coincide are oblique to the length of the ship, in order 


The 
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that, on a horizontal plane, the proper curvature of the extremities 
may be obtained. The rib-timbers above the surface of the water are 
nearly rectilinear, but below that plane they are made with various 
curvatures. About the middle of the ship they have at bottom nearly 
the form of a semicircle, while towards the head and stern they form 
curves of con! flexure, uniting on the keel with their lower con- 
cavities towards the exterior of the ship. 

It may be observed that the keel of a ship is not horizontal, or 
parallel to the plane of floatation when the ship is in still water, but is 
made lower towards the stern than it is forwards, in order to allow 
ee © se rudder, and thus increase the power of the latter 


Rio besas on, 4 8: eee en dinally above the fi 
e ee, fig. 3, is longitudi above the floor- 
timbers, and immediately over the keel, and it is united to the latter 
by bolts which go through both, and through the floor-timbers : its 
transverse section is represented at s, fig. 4. In large ships two addi- 
tional keelsons, t, t, jig. 4, about thirty feet long, are bolted to the 
floor-timbers sufficiently near one anothér that the step (foot) of the 
ered cee Set thea 5 they secre relieve the Lamson 

ip from the pressure it mast, strengthen it against the 
Radlk ast of Oke weler: The timbers £ and Fr, jig. 3, called the 
sternson and stemson, are also attached interiorly to the stern-post and 
stem-post, in order to increase the strength of the fabric. 

The whole assemblage of rib-timbers is covered on the outside, and 
either wholly or partly on the inside of the ship, with planks of oak 
from three to six inches thick ; and in order to make latter bend 
so as to lie close to the curve surface of the ribs, they are, previously 
to being applied, moistened by steam: the exterior ee aa 

y 


which quite through the ship’s side, and are tightened by wedges 
i teed has aiicach eotrcentey. _ 
When the ribs do not join closely side by side, it is recommended 
that, before the planking is applied, the intervals both on the exterior 
ae io the ship should be filled up with pieces of wood, 
curvature 
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ing from the keel up to the orlop or lower deck, since 
e lower part of the ship will be one compact 
timber. He observed that the filling up of the spaces between 
not only adds to the strength of the ship by causing its bottom 
i it it tends to e the health of the 
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these channels the water is able to descend to 
the keel, and pass to the pump-well. For 
merchants’ ships Sir Robert Seppings recommended strakes, or courses, 
> ae spar dey cage eer pep lier the ship along the in- 
terior si of all the ribs, and to cover the abuttings of the futtock- 
in each alternate rib: such strakes appear at n, 0, p, in fig. 4. 
that no other interior planking would be required, but he 
that battens should be fastened over the junctions of the 

gy prin hapa ergee 


ship being a vast fabric 
of timber connected sanikin by nearing! sad 
the frame-work, wits, the’ Dngit 
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it will bend by its own w 
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case it has occurred, a horizontal line having been traced from 
to by m irit-level while the ship was on the 
immedia upon 

chearved 


He 
2 


ship being launched the two ex- 
rks rete ee sees cn toe inches; She 
separating in u of the structure, while 

bers were in a state of pat ahaa the whole body 
ship becoming curved in a vertical direction. M. Dupin has 
shown (‘ Phil. Trans.,’ 1817) that the strain is test at that transverse 
shi Tength into two parts, in 

fluid ual to that of the 

. ‘To counteract the 
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followed. 
fir-pillars from one end of the ship to the ; the row rested 

the keelson, and the others on parallel longitudinal timbers, fastened 
bs of the ship, one on each side of the keel; on the 
heads of these pillars in each row, and under the lower deck of the 
ship, was placed a longitudinal timber like an architrave; and diagonal 


ene tne truce, sen oe ae i y 
pees consiated, Ne ee rows of 
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about 45°, and are placed in pea | 


braces were placed from the head of one pillar to the foot of the next 
in each of the three rows. It is evident that such a disposition of 
braces, if well executed, would serve to prevent or diminish the arching 
of the ship ; but it is far inferior to the method now followed, because 
of the interference with the loading, and the liability of the pillars to 
be displaced in consequence of a violent movement of the ship. 

In order to understand the construction of a ship and Sir R. Sep- 
pings’s application of the braces, let jig. 5 represent a part, near the 
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mainmast, of a longitudinal section through a large ship of war. In 
this figure ee is the top of the keelson; 4h and kk are timbers ex- 
tending through the whole length of the ship above the ribs, which 
are supposed to be close together, and not covered by an interior 
planking ; m m, &c., are the principal timbers of the braces; n n, &c., 
are the trusses to those timbers ; « z is a longitudinal shelf, on which 
rest the beams of the orlop deck, and the section shows how it is sup- 
ported on the braces m m, &c.; y y is a like shelf, on which rest the 
beams of the lower gun-deck. The beams which support the upper 
decks rest likewise upon longitudinal shelf-pieces, whitch: mrnees at ww 
and zz; and these lie upon chocks or upon pillars placed against the 
sides of the ship at intervals between the decks: the same shelf-pieces 

at x,y, w, 2, in fig. 4. Through these and through the ribs pass 

e bolts by which the iron knees r 7 r, fig. 4, are attached to the body 
of the ship. In small vessels the beams are not always fastened by 
iron knees, but are merely coaked and bolted to the shelf-pieces : two 
or more iron knees are however usually placed under the beam near 
the main and fore masts. The shelves just mentioned constitute as 
many hoops connecting the ribs of the fabric together longitudinally ; 
they are fastened by trenails and bolts to the ribs and to the beams of 
the decks: pp, &., fig. 5, are the ports, and the dispositions of the 
braces between them are shown at v v, &c. 

The connection of the two sides of the ship with each other is 
effected by means of the beams which extend under the decks from - 
side to side. The tops of the iron knees are fastened to these, near 
their extremities, by bolts passing berth them ; and the lower parts 
of the knees are joined to the ship's side by bolts passing quite through 
the planking, the ribs, the chock-pieces, and the knees themselves. 
The beams of the principal decks in large ships are usually made in 
two pieces which abut end to end, and are connected together by 
having a strong middle piece scarfed and bolted to them. The planks 
of the gun and upper decks are recommended to be laid obliquely 
above the beams, and their outer extremities enter into a rebate 
formed near the interior side of the ship in certain longitudinal pieces 
which are channelled for the purpose of carrying off the water from the 
decks : the diagonal position is given to the deck planks, in order that 
they may increase the strength of the ship in a transverse direction, 
The exterior planking of the ship is laid on the ribs in longitudinal 
directions as nearly as possible el to the surface of the water; 
and at the extremities of the ship bolts pass obliquely through them 
and ee the stem-post, the stern-post, and the adjacent rib- 
tim! - 

The oblique timbers, or diagonal braces mm, &e. (figs. 4 and 5), 
which are about six or seven feet asunder, cross the ribs at angles of 
directions from the middle of 
each side towards each extremity of the ship. Their upper ends abut 
against the horizontal shelf under the lower gun-deck, and their heels 
or lower extremities against the keelson, or inst the horizontal 
timber on each side of it. These braces are attached to the timbers of 
the ship by cylindrical coaks and bolts, and the lower ends are con- 
nected with the keelson by iron straps. The timbers hh, kk, which 
are of fir, are attached to the sides of the diagonal braces; and the 
truss-timbers nn, &c., are placed diagonally across the rhomboidal space 
formed between the principal braces and the longitudinal pieces, in 
order to prevent the former from becoming bent by the compression 
which they may suffer endways from any strain which the ship may 
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event of grounding; at the same time the exterior 
longitudinal timbers, and the 

whole fabric in one firm body. 
the di 


s 
of the superstructure, it will follow from the “elements of mechanics, 
that in this case the braces am and awn, and the longitudinal timber 
¥ G, will be subject to the strain of extension in the direction of their 
lengths, while the trusses GB and BO, PD and p¢, as well as the longi- 
tudinal timbers DB and MN, will be subject to the strain of com- 
pression. The effect of braces di in the positions aM, AN, in 
midships, and of others corresponding to them towards the head and 
stern, will be that the strain arising from the weight of the extremities 
of the ship, and by which arching is produced, is counteracted by the 


wer of the trusses, in positions corresponding to F 6 and o4G, to resist 
compressed. A con effect would place if the frig on 
braces were disposed in the directions c¥ and ca, c being e point 


supported ; for then the trusses between them, and the longitudinal 
pieces pB, would become disengaged, and would fall out of their 


Sir Robert Seppings’s diagonal braces were first introduced in 1810, 
and his paper on the application of them is contained in the ‘ Philo- 
sophical Transactions’ for 1814. They were first applied to the 
Tremendous; and the success was complete, for after three years’ 
service it was found, by means of lines of sights >. ship, that 
the gun-deck had not arched in the least, and the upper deck only three- 
fourths of an inch. : 

The introduction of iron knees and braces in wooden ships has not 
only strengthened them considerably, but is a great adyantage in the 
saving of space for stowage. The sheathing of ships at first consisted 
of a second covering of planks applied, on the exterior of thé first, 
over the bottom and sides as far as they were under water. [SHEATHING. } 
To save the first expense of copper, a mixed metal called Muntz’s 
Metal, or yellow metal, and composed of 6 parts copper to 4 parts 
zine, was in 1832 manufactured at Birmingham under patent, and its 
uise has considerably increased in the merchant service. It has been 
found that there isa limit to the quantity of copper in this kind of 
sheathing, as unless the quantity of copper be between 50 and 63 per 
cent., and the zine between 50 and 37 per cent., the compound will 
not roll at a red heat—while too much copper renders the compound 
difficult to work, and too much zine renders it too hard when cold, 
By this use of metal sheathing shells and sea-weeds are partially 
prevented from adhering to the sides and bottoms; the friction of the 
water against them is diminished, and the damage which would be 
caused by worms is avoided, 

As further details on the practice of wooden shipbuilding may be 
obtained from such excellent works as that of Mr. James Peake, of 
H.M. Dockyard, Woolwich, we only add some information on the 
manner in which various subjects intimately affecting the whole 
question of naval architecture have been treated. 

In sis, Mr. bi nce, civil Spr rs took out a patent =. 

counteracting the arching of a ship by braces of iron, whi 

he proposed to re oe the ship betwen the rib:frames 
and the exterior planking. The braces were to extend obliquely both 
ways from the upper-deck beam in midships, in the direction of the 
line of shortest distance on the surface, towards the keel, where those 
which were on opposite sides of the ship were to meet under the bows 
and stern. By this disposition the extremities of the vessel could not 
sink without putting all the timbers between the trusses in a state of 
compression, and thus all their joints would be kept close er, 

{n the ‘Mémoire de la Stabilité des Corps Flottants,’ published in 
1822 by the Baron Dupin, the stability of a ship as derived from differ- 
ence of form was considered, and has proved useful to the shipbuilder. 

Tn about 1827, some papers, chiefly contributed by the students of 
the School of Naval itecture at Portamouth D: , were pub- 
lished by Mesers. Morgan and Creuze, formerly vile of that insti- 
tution; and as these embodied several valuvbhe  tgatilladiben from 
foreign authors on the laws of the resistance of fluids, they may still 
be read with considerable benefit, The Rev. Dr. Woolley, the late 


parts | molecular motion of water when disturbed shal 


my pan. 
In 1851, Mr. Fincham, oe het Portsmouth Dock- 
, published a ‘ History of Naval , which throws much 
t on various branches of the science. 
In 1852, Lord Robert Montagu endeayoured, in a small work pub- 
lished by him on naval architecture, to influence the form of vessels 
by the dissemination of a new theory affecting the question of the 


ad 
Something similar was also published at New by Mr. 
But no permanent benefit peo mate seems to pda bewdhgpmers 7 
duced ; for, as already mentioned, the theory of resistances a 
very incomplete state. The nearest pn gives to 
any theory founded on the of the particles of water is 
that of the form assumed by the mass of water so displaced, and which 
constitutes the announeed to the scientific world in by 


= 


already alluded to under Russetn, Joun Scorr, in the Broa. Dry. 


of this ine ; but an illustration under Sarpsurpine may be 
acceptable. i 
». In devising the form of a ship, he proceeds, as already explained at 
Jigs. 8 and 4; but instead of adopting merely arbitrary changes of area, 
he oe om bsp rd hem brig and Map desc made 
use of a sim; elegant formula, uci ereby curves 
Scary Sakure, weit are estl Go fachiiite the temas ahaeael 
a fluid. His experiments haye shown: that although 
be ing air beger pavomgond gt weg gos y wasp pare he friction 
e of water, form such particles, impinging 
upon the hog, tohouhd or an dsteon iWt'at sight eagles bo Atanas 
line, raising a perceptible wave; while Scott ’s curve of easy 
entrance 


EF 
i 
i 


oll pomiite Bear iy see WS mee: sae be , the area and 
on have 


outline curve of the midship ~ been determined ; er 
represent the greatest beam, not at centre of the fore and aft 

of the ship, but at a point at about two-thirds of the length from the 
bow: Mie. Hacks Saseaet Biveies hie ship, woop ike tebe Sees 
two unequal and dissimilar portions. He considers that the length 
of midship portion (which, according to his theory, may consist of 
horizontal lines perfectly to the keel) does not affect, or scarcely 
eye other property than the fperstioreetss apy ange bs hea 
of su midship portion being comparati' trifling. us 

ship, in its pulginal, ie totals & bom aha 6 alike hanna 


curves which form these are, at their junction at the midship 
tangential, and are parallel to the longitudinal axis, they admit 
easy absorption into the general outline curve of the ship. 


é 
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Fig. 7, 
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ry é Sabor t p 
P cil irae Mad as , 
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° n = re 
i: "i a _— Z a [ir 
Let the line a B represent two-thirds of the whole length of the ship at 
ote ee ee eee Ai sera bicirael tocticn’ at regeeeneials 


the half-breadth at her greatest or midship section : join cB. Bisect 
Oe ail toed tie Goto) 0, and with oc as radius, deseribe the semi- 
circle on A C, and divide it into any number of equal say six, for 
example, Divide AB also into six equal parts, and draw the ordinates 
al, Bay, c3, &e., to AG. l 

el to AB, meeting the first ordinates at the points 1’, 2’, 3’, &e. ; 
then will these points, 1', 2', 3’, &c., be points in the curve which Mr. 
Scott Russell calls the wave principle, from some gies which he 
considers to exist between it and the form of waves. It will be found 
that the area of the portion ¢ 3’ m will be equal to the area of the part 
3’ pn, forming an interchange of area without disturbing the amount 
of displacement or the tonnage of the ship. 


The following figure will also, by the same rule, show the shape of 
Fig. 8. 
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the stern portion of the load-water line, the outline curve being drawn 
fe; peedletly’ this jaseid aaa an pe tie | Bei. 
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Then draw 1.1’, 2.2’, 3.8, &e., 
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In the figure below we have placed the two ends together (at a 
rolucet al) to chow the whole load-water lines of the ship; and it 
is that, in vessels built on the wave priticiple, the amount 


of proportionate beam (within ordinary and reasonable limits) is said 
a nary Wt alot tie Guention of npc: 


Fig. 9. 


feat in Mr. Scott Russell’s ingenious theory deserves 
Tf we divide a ship vertically fore and aft into parallel 


general reader, if we construct the model of such ship with boards of 
equal thickness jut, the lines along the 
of the ship, formed by the line of junction of such boards, and 
are called buttock-lines, are made p ly cycloidal at the 
the difference in the colour of the w shows the lines more 
: such a form of construction is said to facilitate the delivery 
i the hull. : 
sutveyor-of the navy, greatly altered the 
wartles; altho he had much opposi- 
inly bted to him for more 
, faster sailiig qualities, grea 
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work ing his name, published a few years 
Sted cata fer th or scwrctnad 
ion, the following figure will suffice. 
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ne would 
beam its limits, for although the 
bottom and Fee at the load-water 

ratio of the square of 


to the mathemiatieal principles 
op Pom been feountly shade by 


and 


tical expression for periods of rolling, or as it is called, the th of 
rotation, affords correct indication of the setaal eundition Gf & 


He gives the following formula ;— 
Time of rotation = ale 
gop 


where & is the radius of gyration about a longitudinal axis per- 
pendicular to the plane of rotation the centre of gravity, and 
G Se te . ae ee vity. From 
which uces the following 


radius of gyration. The questions of ro and stability are of great 
moment to the shipbuilder, as what ae ool qualities pre- 


eminently hinge on these, The well-known exp: comparison 
of stabilities is as follows, namely :— 


2 pyidz 
of D 


when / y*d«= the’ summation of the functions of the cubes of the 


ordinates, da being the differential of the length of the elementary 
prism, and D being the displacement. So that in fact the comparative 
stabilities of ships may be said to be the comparative heights of their 
metacentres above the centres of gravity. 

The rudder serves to govern the ship’s motion; for, on being turned 
80 that its plane is in a position oblique to the plane of the masts and 
keel, the reaction of the water against it as the ship advances, being 
resolyed in a direction perpendicular to the last-mentioned plane, 
becomes a force which causes the ship to turn upon a line passing 
through its centre of gravity. Thus by giving the rudder more or less 
inclination to the said plane, the ship may be made to move in any 

uired direction, or tay be made to avoid an object by which its 
safety might be endangered. 

Certain highly in ting facts have been very lately under discus- 
sion by the Institution of Naval Architects, aided by the opinions of 
naval officers of the greatest experience; these will be properly noticed 
under ST£AM- VESSEL. 

SHIPS AND SHIPPING. The law applicable to English merchant 
ships consists of so much of the common law as relates to personalty, 
the English maritime law to be found in statutes and decisions of her 
tmajesty’s courts, and the general law maritime recognised less or more 
by all civilised nations, but peculiar to no one nation in particular. 
ye may be conveniently considered under the following 

1. The ownership of merchant vessels. 

2. Their navigation, 

8. The persons who navigate them. 

4, The iage of goods and gers. 

1. Ownership. Acquisition of Ship Property.—Ships, or shares in 
them, are,in view of the law of England, personal property, which 
upon the death of the owner passes to his personal representative, and 
on ray 2! of a female owner toherhusband. Ship property is legally 
acquired by construction, by purchase, or by capture from an enemy, 
Very often, fo most frequently, the keel of a new ship is not tale 
down in the builder's yard before a contract has been concluded for 
her construction between the builder and his customer. Usually, 
however, all property in the uncompleted vessel continues meanwhile 
to be vested in the builder, notwithstanding such contract, even 
although payments be made in advance, and appear to be regulated 
in accordance with the progress of the work. It is not till she is 
completed and ready for delivery, and either delivered or approved of, 
that the rights of ownership vest in thg purchaser. Before that time, 
pos instrument executed on his s with the intention to transfer a 
title to the ship or any share of her, would be a mere nullity. It is, 
however, allowed by the law of England to stipulate for a transfer of 
the Property in the uncompleted ship at any stage of her progress, in 
return for payment of the price in advance by certain agreed instal- 
ments ; and is sometimes done. . 

Purchase of ships already built presupposes in the buyer miuch skill 
and no small degree of caution to be perfectly safe.. The policy of law 
in this country respecting bargains is to throw the buyer entirely on 
his own resources in making the contract, by cutting off all hope of 
subsequent help out of difficulties into which he never could have 
fallen if he had used his reason at the time of the purchase. Moreover 
the difficulties in the way of a purchaser's retrieving himself in case of 
a bad are increased by the recent statutes respecting the 
transfer registration of merchant ships (17 & 18 Vict, c. 104; 18 & 
19 Vict. c. 91). A compulsory form of bill of sale is prescribed by the 
statute, any déviation from which, by the introduction of other par- 
ticulars, may deprive the buyer of thie right of requiring the registration 
of his title. arranties, therefore, and representations in the nature 
of warranties, cannot now be introduced into the only document of 
contract that can be enforced in a court of law or equity. For any 
contract, however forthal and solemn, other than the authorised bill of 
sale, although duly executed by both parties, and money paid upon it, 
gives the buyer no legal or equitable title to the ship, no right to sue 
in a court of equity for pee performance, or even any right to sue 
for in a court of law on nomperformance, This appears to be 
pre ble to any system of effective registration of titles to 

Registration —AN British ships are now required to be registered, 
excepting only ships of fifteen tons burden and under, employed on 
British rivers or ails, and vessels of thirty tons, not having a whole 
or fixed deck, employed in fishing off the coasts of British North 
America. A British ship is no longer necessarily a British-built ship, 
or a British-manned ship, but simply a British-owned ship. The persons 
who are capable in law of being owners of a British ship are (1), 
natural born British subjects ; (2), persons made denizens by letters of 
denization, or naturalised y. or pues any act or ordinance o 
the Imperial Legislature, or by or pursuant to any act or ordinance 0} 
the legislative pat a in any British poms, vided that 
while they are such owners they are resident within her majesty’s 
dominions, or members of a British factory, or partners in a house 
actually ing on business in the United Kingdom or within the 
British dominions, and have taken the oath of allegiance subsequently 
to denization or naturalisation ; and (3), bodies corporate established 

mder, subject to the laws of, and having their principal place of 
Poanics in, the United Kingdom or some British possession, For the 
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of registration, a declaration of ownership is required from the 

icant, whose qualification to be the owner of a British ship is 
ee cecertained ; and any ship sailing sider Britich colours after a 
disqualified person has become one of her owners is liable to be forfeited 
and seized into the of the crown, Any person making a 
false declaration as to the qualification of the applicant, forfeits all right 
which he, or such applicant if cognisant of the offence, possesses in the 


shi 

A British ship is supposed in law to be divided into sixty-four shares, 
No one can be registered as owner of a fraction of a ; and no 
more than thirty-two persons can be separately registered as owners of 
the ship at one time. Yet a corporate body, no matter how many 
persons are members of it, is registered as one person : and any five 
individuals may be registered jointly for the same share or shares, so 


and for the of transfer must apply to the five in whom the 
title is ork y oe registration of a ship being completed, a certifi- 
cate of registry is given, indorsed with the particulars on the register ; 
but instead of being, as it was before, the document of title to the 
ship, it is now no more than is implied in the name, a certificate that 
the vessel is British-owned and , and as such is to remain 
in the keeping of the master for the purposes of the navigation of the 
vessel. 

The document of title is now the register; all who appear on that 
book as owners continue to retain the title so declared to be in them 
as long as they are suffered to remain there, with full power to convey 
title to any other, and to give valid and effectual receipts for the price. 
It is not therefore the execution of the authorised bill of sale that 
secures the property to a purchaser; that bill of sale must be 
registered, and the burden of that duty is imposed on the most willing 
shoulders connected with the transaction, namely, those of the buyer 


Mortgages of the ship, or any shares of it, are also allowed to be 
registered, but not trusts or any notice of them. Now as this important 
book is entirely local, and the necessities of trade might often require 
the sale or mortgage of the vessel to be effected in a foreign country, 
or at a distant port in her majesty’s dominions, some contrivance was 

for placing the contents of the register in all their integrity 
and a effect before the eyes of the intending purchaser or lender 
ata distance. This is effected by means of a certificate of sale, or a 
certificate of mortgage, which is issued upon application by the 
registrar, containing an exact copy of the details on the register as they 
appear at the moment of issue. The purchaser or lender is thereby 
informed of the exact state of the title which is offered, and how far 
the property is already burdened, if burdened at all. By indorsement 
on this certificate his title is secured to him, as effectually, and with 
the same consequences, as if it had been placed on the register at 
the time when the certificate was granted; and the mortgage takes 
rank before all other mortgages effected after the issue of the certificate, 
and not effected by means of it. 

Title by Capture,—Title by capture is an acquisition that cannot be 
made except during war; for capture is the exercise of a belligerent 
right. But even when exercised during the existence of a war, no 
more than an inchoate right of property in the captured ship is vested 
until the capture is succeeded by condemnation in accordance with the 
principles of the law of nations by a court of competent jurisdiction, 
sitting by authority of the sovereign of the captors, either in the 
country to which they belong or in that of an ally in the war. The 
vessel at the time of condemnation must be lying in a port of that 
sovereign, or of such ally ; for condemnation of her whilst lying in the 
port of a neutral country, except under very peculiar circumstances, is, 
according to the English law, a nullity; but the law of the United 
States appears to differ in that respect, and to have the support of 
continental arg during the wars at least that followed the first 


French revo re 
Forfeiture o ip Property.—Any disqualified person improper! 
obtaining and continuing to hold shares in a British regi nt, 


forfeits his shares in consequence; and any ship owned wholly or tn 
part by a person who is disqualified under the law of this country, 
which assumes the British flag, except for the mere purpose of escaping 
capture by an enemy, is forfeited to the crown. «If any master, for 
the purposes of his ship, use a British certificate of registry which has 
not legally granted in respect of that vessel, he is himself guilty 
of a misdemeanor, and the ship is thereby forfeited. If anything is 
done or permitted by the master or owner of a British ship with intent 
to conceal her British character from any person entitled by British 
law to inquire into the same—or with intent to assume a foreign cha- 
racter—or with intent to deceive any person entitled to inquire into 
her national character whilst making such inquiry, and in 
thereof, the ship is thereby forfeited. These forfeitures are authorised 
Ay Merchant Shipping Act of 1854. By the Act of 
1855 (18 & 19 Vict. c. 119) it is enacted that any vessel clearing out 
to sea without the requisite bond being first executed by the master, 
or without the requisite certificate of clearance being first obtained, is 
forfeited to the crown in uence. 

Legal Rights of Part-owners,—It the ownership of a vessel acquired 


originally in one or other of these ways is not vested in a si 
the sash owners, considered as among themselves and not in 
to the register, may hold the vessel in partnership. This, however, is 


Son the case. Usually are parents , and as 


have no authority by law, any one of them, to bind rest by 
his contracts on account of the ship, But if they to undertake a 
trading adventure with the vessel, although they remain as before, 


mere part-owners in respect of the hull of the ship, they are partners 
in the adventure. They are bound to contribute in that case to the 
ex of the outfit, as being in the nature of capital for the enter- 

; and they are entitled to an account at the end of the voyage 
when the adventure is finished, 


minori' 
ture. 


mscedinge, because otherwise the applicant 
ute to 


will be held liable to contri previous expenses although he 


will receive no part of the profits, or even have his application to the — 


court altogether refused. 

Agents of the Owners.—For the purpose of managing the ship it is 
very usual for the owners to concur in isa ne agent who is 
known to the world thereafter as ship's husband, His powers are 
large, considered in the light of the duty for which he is appointed 
which is to attend to all matters connected with the outfit and freight- 
ing of the ship. It is not, however, within the limits of his authority 
to effect an insurance. 

efi? on Pptccand the aha. ed are made for ee due to 

im, case of di ent among the part-owners as to the settle- 
ment of accounts concerning the expenses and earnings of a ship, the 
bie tor Clee / is by a suit in equity. 

Ano’ agent who is endowed with very extensive power under 
certain circumstances to bind the owners by his contract, is the master 


name of the master only, it will not support a direct action upon 
against the owners, Still if the contract is duly made, that is, within 
the usual employment of the master, and under such circumstances 
afford either direct eat of authority or evidence from which such 
authority may be inferred, the owners may be nade Kees ae 
by = Appel abticn ion the eee 06 Ey a oer ene ut the master 
cannot be assumed to have a power to annul an pay BAe 
entered into by the owners themselves and to form a contract 
with other ies. 

Besides thi 


furnished for her use, or for the money which he has expended for 
such this 
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follow the rule of the ciyil law, by which a ee had repaired 
i itself in preference 


i oe “aide 


eee up possession, he is on the same footing as other credi' 


ges 
fags 


altogether 
and the question to be decided, in order to determine the ee 
a 
work done 
by order of the hirers, than a landlord of a house would be for work 
done by order of his tenant, Analogous observations are applicable 


If he make any advances, he can sue those 
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i uires a 
claim on the ship. [Borromry. 
the master abroad, it may be enforced by suit in the Admiralty Court ; 
but if the shi Kon bean Ry pothacatnd 


i and the equity courts will recognise the interest of the 
assignee of a bond, though at common law he cannot sue in 
his ownname. In general the master has been held not to be authorised 
to raise money on bottomry within any part of the same country where 
the owners reside, on the ground that it is his duty to communicate with 
them before entering into such a contract. But where by reason of 
hostilities communication with the owners was almost im) » and 
eet oes vaceiig, cxivind for the money, which not be pro- 
cured otherwise ine a NG capers al» Pee aw 
authority to raise it on those terms. money is lent on bottomry, 
rae Sra. The credit is giyen to the 
master and the ship, and the remedy is against them only. . The 
master cannot hypothecate the ship for a debt of his own, nor can he 
hag ES pa aed fanptrpelrr eng ad cer taaeeseh a 

the sums secured by the bond are not repaid, an ication must 
made to the Court of , founded on the instrument of con- 
tract an affidavit of the , upon which a warrant issues to 
arrest the ship, and the persons i are cited to appear before 
the court, w then decides what is to be done. If several bonds 
have been given at different times, the latest in point of time is 
entitled to be first satisfied, a rule derived from the civil law. (‘ Dig.’ 
20, tit. 4, 8, 5,6.) If the necessary amount of money cannot be raised 

ing the ship and freight, the master may also sell part of 
p it. 


or 
those circumstances of unavoidable necessity which would 
authorise the hypothecation of the ship and freight, the master has 
of need to h: the cargo for the purposes of 
e may always in these circumstances sell a part of the 
allowed to sell the whole for the professed pur- 
adventure, as the adventure is by that very act put an end 
case of damage to the cargo, which threatens the destruc- 
whole of it before his arrival at the port of destination, he 
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the cargo and the advantage of the pro- 
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justified in doing so, nor can he give the purchaser a 
if she can be repaired and he has the means and oppor- 
doing so, under circumstances in which a judicious man 
to justify such an act, and make it a 
to another, the distress must be so 
so destitute of assistance, or so void of 
for wishing assistance, that either a faithful man can find 


iE 
E 
E 
: 


i 
; 


ship, by reason of any robbery, embezzlement, ing away with, or 
secreting thereof, unless the owner or Tiataohs hae, ot sha tine 
of iia’ saone, inserted, 19, Hie MGM nan ic otbareine 

in writing to the master or owner of such ship the true 
nature and value of such articles. 

Where all or any of the following events occur without his actual 
fault or privity ; namely, 1, where any loss of life or personal injury 
is caused to any person being carried in such ship ; 2, where any damage 
or loss is caused to any | merchandise, or othe. stiisgi WoMlicirees 
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on board any such ship ; 8, where any loss of life or personal injury is 
by reason of the improper navigation of such sea-going ship caused to 
any person carried in any other ship or boat; 4, where any loss or 

I is by reason of any such improper navigation of such sea- 
going ship caused to any other ship or boat, or to any goods, mer- 
chandise, or other thi whatsoever, on board any other ship or boat’; 
no owner of any British sea-going ship or share therein, is answerable 
in damages to an extent beyond the value of his ship and the freight 
due, or to grow due, in respect of such ship during the voyage which 
at the time of the happening of any such events is in prosecution 
or contracted for, subject, however, to this proviso, namely, that in 
no case where any such liability is incurred in respect of loss of life 
or personal injury to any passenger is the value of any ship and the 
freight thereof to be taken as less than 15/. per registered ton. The 
benefit of these provisions is not obtainable, even in our courts, by any 
foreign ship, nor is it available for a British sea-going ship when sued 
for injury done by her to a foreign vessel, unless at the time of the 
accident both ships were in British waters. 

2. The Navigation of Ships. Rules of the Sea.—For the government 
of ships in their course over the sea, convenience and necessity 
early gave rise to certain accustomed practices which have ultimately 
resulted in rules that are known as the rules of the sea, Those rules, 
which are still ised by all maritime nations, were set forth in a 
notice paraners by the Trinity House on the 30th October, 1840, in 
the following terms: “‘ The recognised rules for sailing-vessels is, that 
those having the wind fair, shall give way to those on a wind; that 
when both are going by the wind, the vessel on the starboard tack 
shall keep her wind, and the one on the larboard tack bear up, thereby 
passing each other on.the larboard hand; that when both vessels have 
i or a-beam, and meet, they shall each other in the 

e way on the larboard hand, to effect which two last mentioned 
objects, the helm must be put to port.” Steam-vessels, for the pur- 
poses of these rules were regayded as vessels navigating with a fair 
wind ere to give way to sailing-vessels on a wind on either tack. 
With regard to steamers ing each other, it was at that time the 
rule that each should put foe helm to port, and in narrow channels 
that a steamer should always leave the vessel she is passing on the 
larboard hand. 

The rules already given are still in force on the high seas among 
other nations, and consequently must be observed also by British 
ships when passing a foreign ship. . It seemed , however, to the 
British parliament to introduce new rules into the Merchant Shipping 
Act of 1854, which are now compulsory on all British vessels when 
passing each other. These rules are the following: 1. “ Whenever 
any ship, whether a steam or sailing ship, proceeding in one direction, 
meets another ship, whether a steam or sailing ship, proceeding in 
another direction, so that if both ships were to continue their respec- 
tive courses, they would so near as to involve any risk of a 
collision, the helms of hots shine shall betas to. pont, so as to pass on 
the port side of each other. This rule shall be obeyed by all steam- 
ships and by all sailing-ships, whether on the port or starboard tack, 
and whether close-hauled or not; unless the circumstances of the case 
are such as to render a ure from the rule in order to 
avoid immediate ; and subject also to the proviso, that due 
regard shall be had to the dangers of navigation, and as regards sailing- 


: 


ving be age the starboard tack close-hauled, to the keeping such ships 


command. 2, Every steam-ship, when navigating any narrow 
channel, shall, whenever it is safe and practicable, keep to that side 
of the fair-way or mid-channel, which lies on the starboard side of 


such —. 
A code of rules respecting the exhibition of lights on board, and the 
use of fog si , has been published by the Admiralty under thé 


authority of the statute. Steamers between sunset and sunrise are to 
exhibit aie white light at the foremast head; a green light on 
the star side, and a red light on the side, except that when 
they are proceeding under sails only, the light on the mast is to be 
i with. Sailing-vessels are to exhibit the red and the nm 
side lights in accordance with the above rule, but no white light on 
the mast. Pilot vessels are to carry only a white light at the mast- 
head, and to exhibit a flare-up light every fifteen minutes, Sea-going 
vessels at anchor in or fair-ways, must exhibit, on a con- 
spicuous part, not more than 20 feet from the hull, a white light in an 
eight-inch globular lantern. As fog signals, sailing-vessels when under 
way, are in all cases of fog required to use, when on the starboard 
, a fog-horn, and, when on the port tack, to ring a bell, sounding 
the one or the other respectively, once at least every five minutes; and 
steamers when under way and their steam up, are to use a steam- 
whistle before the funnel, sounding it once at least every five minutes ; 
but when their steam is not up they are to use a fog-horn or bell, as in 
the case of sailing-vessels. 

Collisions.—N otwithstanding these rules for the guidance and pro- 
tection of ships in their progress at sea, and in the fair-ways of mari- 
time traffic, collisions do occur, and questions of fact, difficult to 
determine, arise as to the existence of negligence in either vessel or in 
both. It would be quite impossible here to enter upon a detail of 
cases illustrative of this of the law. Those who are desirous of 
considering the subject when exhibited in the occurrences of maritime 


life must consult those works, the titles of some of which we have 
. MM 
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appended to this article, in which every help is offered to a complete 
comprehension of the principles of the law, and their application to 
facts. The leading rules, however, of the law on this subject may here 
be succinctly set down. Those of the general maritime law are these, 
namely, 1, when the injury occasioned is the result of pure accident, 
the loss lies where it fell; 2,if both parties are to blame, the loas is 
divided between them; 3, if it happen through misconduct of the 
suffering party only, he bears his own burden; 4, if it be entirely the 


of master of a British merchant ship, his duties are very numerous, 
onerous, and important. The shi and her cargo are ertatted to his » 
care, and he is to see that neither take any damage, so far as provident 
skill and vigilance can prevent or the use of vigorous means can 
repel, But when prevention is already become impossible, he is then 


to use all diligence and means in his power to repair the as 
any judicious man would do for his own property. He 


fault of the other vessel, the sufferer is entitled to complete com- 
pensation for his loss, 

By the Merchant Shipping Act of 1854, these rules underwent con- 
siderable modification, and since then the British maritime law, which 
had previously differed from the common law on the subject of negli- 
gence, is now identical with it. At common law, a cannot 
recover for damage sustained from the negligence of another if his 
own negligence contributed to the event, or if he might haye avoided 
it by the exercise of ordinary care and skill; but if the other who is 
sued might, by ordinary care and skill, have avoided the accident, he 
is liable, notwithstanding there be negligence in the plaintiff remotely 
connected with the event. 

In case of damage done to a ship by another vessel that is in fault, 
the maritime law gives to the sufferer a lien on the ship that does the 
wrong. In virtue of that lien, she may be arrested under process of 
the Admiralty Court, condemned, and gold, and so much of the pro- 
ceeds of sale applied as is n to compensate the owner of the 
damaged ship; and in case the produce of the sale is not sufficient, the 
lien extends to the freight being carried by the vessel at the time, and 
that too may be ordered to be brought into the treasury of the court 
for adjudication and distribution, pursuant to the law and facts of the 
case. We have already seen that the liability of British owners is 
limited, under the supposed circumstances, to the value of the ship 
and the amount of the freight. 

Pilotage ; Tonnage.—Immediately connected with the subject of 
damage by collision is the law of the local pilot. The legislature has 
made it compulsory on vessels passing over certain pilotage grounds to 
take one of the local licensed pilots on board, and has at the same 
time conferred upon the owner, who was thus deprived of his option, 
an immunity from liability for any damage caused by the ship while 
she is under the management of such pilot, provided the damage is in 
no degree attributable to misconduct in the master and crew, or insuf- 
ficiency of the ship's equipment. The institution of pilots in this 
country dates from the time of Henry VIII. ; and their government is 
entrusted to the Trinity House, and to certain other pilotage autho- 
rities throughout the United Kingdom. It is binding on a pilot to 
take charge of a ship when required, and on a master to receive such 
pilot on board when he offers within the pilotage ground, there being 
at the time no licensed pilot on board. When the pilot takes charge 
of the ship he is supreme, the master and crew being bound to obey him 
in all reasonable orders and demands, If the ship is at the time in 
tow, the tug also is under the orders of the same pilot ; and it may be 
presumed concerning the tug in tow, that if she obey exactly the 
orders of the licensed pilot in the ship, the owners of the tug are not 
liable for any damage resulting in consequence, Under these cireum- 
stances, it is the pilot who is liable, and his liability in the Trinit 
House district is limited by Parliament to the amount of his bad. 
namely, 100/, The duty of taking such pilot on board in these par- 
ticular localities being compulsory on foreign as well as British ships, 
they participate also in the immunity conferred on the others. [PrLor.] 

3. The Persons who Navigate British Ships. Qualification of Offcers.— 
A very important change was introduced into the mercantile marine 
of this country by the Merchant Shipping Act of 1854: the officers of 
that service are now intrusted with command only upon satisfactory 
evidence of their qualifications and fitness. Upon testimonials of 
service, experience, and character, and u personal examination of 
the candidates in yarious departments of knowledge proper to their 
calling, do the local marine boards distributed hout the United 
Kingdom, at all ports of any note, determine w by week upon 
giving or refusing certificates of fitness to be masters, mates, or first or 
second mates of foreign-going ships or home-trade passenger ships. 
These are certificates of competency. Certificates of service as master 
or mate in British foreign-going ships before the Ist of January, 1851, 
or a8 master or mate of a home-trade passenger ship before the lst of 
January, 1854, entitle the holders still to serve in the like capacities. A 
lieutenant, master, passed mate, or second master, or one of any higher 
rank in her majesty’s service, or that of the East India Company, is 
entitled to serve as master of a British ship. A certificate proper to 
the rank in which he seryes must be held by and be in the i 
of the master and first and second or only mate of every foreign-going 
British ship, and the master and first or only mate of every home-trade 
passenger ship proceeding to sea from the United Kingdom, otherwise 
she cannot clear out. And’in every such vessel of 100 tons burden 
and upwards there must be at least one officer besides the master who 
possesses a legal valid certificate appropriate to the grade of first or 
only mate of such vessel, or to a higher grade. A penalty of 50J. is 
laid on every one who goes to sea as officer without an appropriate 
certificate, and on every person who employs anyone to go to sea in such 
capacity without first ascertaining whether he is so qualified. 

Masters’ Duties, Powers, and Righta.In the responsible situation 


owners constantly informed of his whereabouta, and of the ey: 6 
incidents of the voyage, enabling them on each occasion to : 
measures for their own protection and benefit, as they might be 
advised. He is to give his whole time to their service, and account to 
them faithfully on his return. The ship's log and official log must be 
kept under his supervision. ’ 
t is his duty to provide for the sustenance, comfort, and health of 
all persons on iged and if injury accrue through negligence of his in 
not providing stores, medicines, or proper accommodation, he is liable 
to an action. His authority on while at sea is supreme and 
despotic ; and if there be disobedience on the part of the crew, he 
may correct them in a reasonable manner. On all occasions when 
discipline is infringed, he will be careful to inquire and inform himself 
of the true state of the facts before he visit one with gene | 
unless the breach of duty or discipline is obvious to his eyes, an , 
offence is of that mutinous character which must be checked on the 
instant with foree. He is responsible on his returf for all his conduct 
on board towards others, either on prosecution by public law or at the | 
suits of private persons who have suffered injury at his hands, fe 
His ounduct i also linble to be inquired into by the Board of Trade, 
who have power, if there be occasion, to withdraw his certificate, or t 
a naval court on the high seas or abroad, who may discharge him ani 
put another in his place, ’ 
For his wages, he now has the same lien on the ship and remedies as 
a common seaman, His disbursements, however, form a mere al 
debt. His powers as agent of the owners have already been noticed 
under the first division of this article. ; 
The Seamen. Ship's Articles.—Apprentices are to be indentured; 
seamen for foreign-going ships must—and seamen for home-trade 
may—be engaged and disc before a shipping-master, 1e 
agreement of hiring is to be in writing, according to the form, and 
containing at least all the i geag eg ‘prescribed by the statute, - 
Other stipulations may be aflded by the consent of both parties; but 
no seaman shall by any agreement forfeit his lien upon the ship, or 
be deprived of any remedy for the ore of his wages to which he 
would otherwise have been entitled; and every stipulation in ; 
agreement inconsistent with any provision in this Act (17 & 18 - 
c. 104), and every stipulation by which Seaman consents to no 
his right to wages in the case of the loss of the ship, or to abandon any 
right which he may have or obtain in the nature of salvage, shall be 
wholly inoperative.” Although this agreement is in writing, and 
signed by the seaman, he may prove his case in a court of law without 
a or giving notice to produce it; and any erasure, inter- 
ineation, or alteration in it, not proyed to have been made with the 
consent of all the persons interested in the change by the written 
attestation, if made in her majesty’s dominions, of some shipping-master, 
justice, officer of customs, or other public functionary, or, if made out 
of her majesty’s dominions, of a British consular officer, or where there 
is no such officer of two respectable British merchants, is weally 
inoperative, Allotment notes must be stipulated for if required, an 
may only be granted in favour of the seaman's wife, father, mother, 
grandfather, grandmother, child or grevctelile, or sister or brother; 
the statute expressly providing that these and these only shall haye a 
right of action on the note. The ent must contain the following 
particulars, namely (1), the nature and, as far as practicable, the 
duration of the intended voyage or engagement; (2), the number and 
description of the erew,-specifying how many are en, as sailors; 
(3), the time at which such seaman is to on , or to n 
work; (4), the capacity in which each seaman is to serve; (5), the 
amount of wages that each seaman is to receive; (6),a scale of the 
visions which are to be furnished to each seaman; (7), any regu- 
Etta as to conduct on board, and as to fines, short allowances of 
provisions, or other lawful punishments for misconduct, which haye 


been sanctioned by the Board of Trade as regulations proper to be 
adopted, and which the parties agree to adopt. Any treet ulation — 
on the part of the seamen with the master in the course of the same 


VO! for an advance in the rate of wages, or for any special 
pe be enforced, unless the circumstances existing at Me tine 4 


such as to have cancelled the agreement already made. 
Wages,-Wages are no longer dependent on the earning of freight: 
may not be attached; and payment of them to the seaman is 
yalid and effectual, notwithstanding any prior attachment, incumbrance, 
or arrestment thereon, or assignment thereof, 

The amount of wages due to the seaman if he fulfil his contract 
is the full amount originally stipulated therein to be paid him, The 
voyage; however, is liable to in lon by yarious casualties; the 
service of the seaman is subject to discontinuance before the termi- 
nation contemplated origi on both sides; and it is not a 
easy matter in general language to lay down the law which is - 
cable to each case before it arises, It is not in the or of tow 
master, by wrongfully dismissing any of his crew in the course of the 


- 
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voyage, to 
seover the w ole, subject to the deduction of such wages as they have 
earned elsewhere during the period claimed for. But if the ship be 
lost, or if the mariner quit the vessel for the purpose of taking service 
in her majesty’s navy, he is entitled to the wages due up to the inter- 
ruption of his service: By desertion, however, or misconduct of a 
flagrant and serious character, he may forfeit all right to wages. In 
case death put a period to his service on board during the voyage, it 
seems his representatives are entitled to be paid wages up to the day 
of the death, unless the contract made with the owners be such that 
no right accrues if the seaman do not navigate the ship to the port of 
, ag French code, more liberal ~— ra Pe law, mets 
the hiring is the yoyage, directs payment o e stipulate’ 
enount if the les. oe ce 3 the outward voyage, and the whole if 
the death uring the homeward passage. 
~ Tn ea te maritime law the seamen have a lien on the ship for 
the amount of their wages, which enables them by process from the 
Court of Admiralty to arrest the vessel, and, unless the owners interpose 
to pay their just demand, to sell her after sentence of condemnation. 
The Merchant Shipping Act of 1854 confers the same advantage on the 
master, who till then had no such remedy, The jurisdiction of the 
Admiralty Court, however, in claims for wages, is restrained to the 
case of a contract in the ordinary terms, and not under seal; for if 
either it be made under seal, or be special in its stipulations, it cannot 
be the subject of a suit in that court, at the peril of a writ of prohi- 
bition issuing from the courts of common law. A further restriction 
on that jurisdiction is placed by the statute, which prohibits any suit 
for the recovery of wages, when the sum is under 50/,, from being 
instituted in any Court of Admiralty, Vice Admiralty, the Court of 
Session in Scotland, or any of the superior courts within her majesty’s 
dominions, unless the owner of the ship is adjudged bankrupt or 
declared insolvent; or unless the ship is under arrest, or is sold by the 
authority of any such court; or unless any justices, acting under 
authority of the statute, refer the case to the adjudication ef such 
Be eld enn ins ee aninia present h deoecoes 
2 2 where seaman or apprentice is di 
ee lieu of this, the seaman is now enabled to proceed 
summarily before any two justices of the peace, or one stipendiary 
magistrate acting in or near the place at which the service is termi- 
nated, or at which the discharge takes place, or, in Scotland, before 
any sucl® justices or the sheriff of the county, for any sum not 
exceeding 501. oyer and above the costs. When the engagement is to 
terminate in the United he is not entitled to sue for his 
in any court ab: unless he be discharged with the sanetion 
of the shipping master, chief officer of customs, British consular officer, 
or two merchants in or near the place, and with the written 
consent of the master; or unless he prove such ill-usage on the part 
ef the master, er by his authority, as to warrant reasonable appre- 
hension of danger to life. On his return, however, if he prove either 
such ill-usage or other meg ong | on the part of the owner or master 
as would haye entitled him but for the statutory prohibition to sue 
for wages before the termination of the voyage, he is entitled, besides 
his wages, to compensation not exceeding 20/, in amount, 
_ Diseipline. Protective Laws—We have already seen the authority 
hich is reposed by the law in the master for the maintenance of 


: 


unless such pri 
the offence was committed, or within two months after both parties 
wr or are at one time within the United Kingdom, or within the 


a British possession capable 
jurisdiction situate on the coast of any ea, or abutting on or projecting 
it bay, channel, lake, river, or other nayigable water, is extended 


person ined against may be. 
7 ae Alek stctaatthe sted oc boord, and the medicine chest, are 


ive them of all or any part of their wages; they may | 


subject to inspection by certain public officers, The seaman may com- 
ain of the stores and have them inspected, at the peril however of 
mulcted in one week’s wages in case his complaint be frivolous. 
Tn case he is kept on short allowance, not in the way of punishment 
hor through any fault of the master, but solely from those accidents 
of the sea that may delay the best provisioned ship that sails, he is 
entitled to a certain compensation per day while the deficiency lasts. 
This is rather in the way of wages to him. If he were to be injured, 
however, by deficiency or badness, either of the stores or medicines, 
where there is negligence in the master, his right of action for damages 
is clear. A seaman is not entitled to bring an actiow because the vessel 
was unseaworthy and he suffered by it; yet, as the statute provides for 
his being well and comfortably accommodated, any defect of the ship 
that should form an encroachment upon such statutory right would be 
a good ground of action to any seaman suffering injury thereby, 
Medieines and medical assistance on board are supplied to the 
seamen at the owner’s expense; and so must they be, also, together 
with subsistence, if the patient is removed from_.on board to prevent 
infection, or otherwise for the ship's convenience, in case he sub- 
sequently return to duty on board. . If the sickness be the result of 
injury received in the service of the ship he must be supplied by the 
owner with medical advice and medicines, subsistence and attendance, 
until he is eured, or dies, or is brought back to.some port in the 
United Kingdom, or in any British possession, according as he shipped 
from one country or the other; and his conveyance thereto, or burial, 
must also be at the owner’s expense. It is only when he is absent, 
however; from the United Kingdom, or the British possession from 
which he shipped, that the seaman in case of injury suffered in the 
ship's service is entitled to such assistance; for upon well-known 
general principles, every servant is presumed to make his contract with 
a full knowledge of all the risks of the service upon which he is 


A most praiseworthy effort has been made to bring the British - 


seaman in every quarter of the globe completely within the protection 
of the British laws. There is a system of lists of crews for foreign- 

ing ships upon every voyage, and for home-trade ships once évery 
six months, by which a coniplete register of British seamen is produced, 
and a somewhat minute knowledge of eath individual and his where- 
abouts is attained, On every sea where her majesty’s flag floats over a 
yessel of war, on every coast where a British magistrate resides, or a 
British consular officer officiates, there is opportunity for the injured 
seaman to complain and obtain justice ; and any attempt of the master 
or other officer of his own ship to interfere with or prevent him com- 
plaining is an offence pusishable with fine and imprisonment. 

It is a misdemeanor for a master to force on shore or Wilfully leave 
behind any seaman or apprentice in or out of her majesty's dominions, 
It is a misdemeanor to discharge any seaman or apprentice at any 
place out of her majesty’s dominions, or in any British possession, 
except that from which he may have originally shipped, without the 
sanction in writing of the shipping master, chief officer of customs, 
British consular officer, or of two respectable merchants resident at or 
near the place. It is a misdemeanor to leave behind a seéman or 
apprentice without at the samé time obtaining a certificate from stich 
officer or merchants, stating the fact and the cause indorsed on the 
ship’s articles, unless that was impracticable, and the proof of that lies 
on the master. In case such disc! however be sanctioned, the 
wages of the seaman are to be paid on the spot by bill or money. And 
wherever such diseharge is rendered necessary by the transfer of the 
ship at a place out of her majesty’s dominions, unless the crew consent 
to continue with the vessel, it is obligatory én the master to procure a 
passage homeward for the seaman, or provide him with employment 
in some other British ship bound for the shipping port in this country, 
besides paying their wages, and giving them each a certificate of 


Discharyes.—The discharge of seamen at liome from foreign-going 
igpetalee lade sehen Gig. hear The wages are to be paid in 
his presence, subject to his eognisahee of the rights of both parties 
under the agréement, No deductions can be made unless the book in 
which they were entered at the tithe of forfeiture be produced to the 
shipping master twenty-four hours before the time of payment. The 
time of payment fixed by the statute in the case of home-trade ships, 
is within two days after the termination of the agreement, or other- 
wise at the time of discharge; and in all other cases, except those 
where the seaman is remunerated by shares in the adventure, within 
three days after delivery of the cargo, or within five days after the 
Béaman’s discharge, whichever first happens. A mutual release is 
given by the master and seamah, countersigned and attested by the 
shipping mastet; it operates a mutual discharge of all demands in 
respect of the voyage or engagement, and is the only evidence of the 
release or satisfaction of any claim required to be thus settled. 

Wills.—The wills of seamen have always hitherto been deerned good 
and effectual although made without writing. No charge in this re- 
spect has been made that is imperative. But as the Board of Trade 
are put in possession of the effects of all seamen dying abroad or at 
sea, that Board rhay in Virtiie of the statute refuse to give effect to 
any will which is not in writing, and signed or acknowledged by the 
testator in the presencé of the master, or first or only mate of the ship, 
and attested by such master or niate; or if rade on shore, unless 
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igned or acknowledged by the testator in the presence of, and attested 
by two witnesses, one of acai must be a shipping master, minister, 
officiating minister, or curate of the place; or if there be no such 
persons, a justice of the peace, British consular officer, or officer of 
customs. Upon refusal to give effect to any will not so written and 
executed, the goods and money of the deceased will be distributed 
among the next of kin under the statutes of distribution. 

As to Barratnry by master or seamen, or both, see the article under 
that head. : 

4.—Of the Carriage of Goods and Passengers in Merchant Ships, the 
Rights and Duties; &e. of Preighters and Passengers, of Owners and their 
Servants. The Contract of Affreightment.—The contracts under which 
goods are conveyed ina ship are,as has been already stated, of two 
kinds, the contract by charter-party, and the contract for their con- 
veyance by a general ship. The former is “a contract by which an 
entire ship, or some principal part thereof, is let to a merchant for the 
conveyance of goods on a determined voyage to one or more places.” 
A charter-party is a written instrument, not necessarily under seal, 
* which is executed by the owners or the master, or the owners and the 
taster of the one part, and by the merchant or hisagent of the other part. 
The word charter-party is derived from the two words charta partita, 
“divided charter,” because the duplicates of the agreement were 
formerly written on one piece of paper or ment and afterwards 
divided by cutting through some word or re so as to enable each 
party to identify the agreement ae by the other. If the charter- 
party is by deed, and executed by the master, and the owners are not 
parties to it, they cannot bring a direct action upon the instrument; 
indeed the owners can never bring an action upon it unless their names 
appear as the parties executing it. But an action may in all cases be 
brought against the owners for a breach of their duties generally as 
ship-owners relating to matters not inconsistent with the terms of the 
charter-party. The charter-party states the port or ports of destina- 
tion and the freight to be paid; which may be either a gross sum or so 
much per ton, or so ‘enashe tite each tub*or cask of goods. If the 
agreement is not to pay a certain sum for the entire ship, or a certain 
portion of it, but to pay so much per ton, the merchant generally 
covenants to load a fixed amount or a full The charter-party 
generally also states the burden of the ship, but this statement, where 
there is no fraud, is not binding on the parties. The merchant may 
load with his own goods or those of others, or he may underlet the ship 
altogether. The master or owner usually covenants “that the ship 
shall be tight and staunch, furnished with all necessaries for the 
intended voyage, ready by a day appointed to receive the cargo, and 
wait a certain number of days to take it on board. That after lading 
she shall sail with the first fair wind and opportunity to the destined 
port (the dangers of the sea excepted), and there deliver the goods to 
the merchant or his assigns in the same condition they were received 
on board; and further that during the course of the voyage jthe shi 
shall be kept tight and staunch, and furnished with sufficient men an 
other necessaries to the best of the owner’s endeavours.” The 
merchant usually covenants to load and unload the ship within a 
specified time. 

The charter-party dates from the day on which it is delivered or 
signed. The terms generally used may of course be varied so as to 
meet the intention of the parties. They cannot be altered or 
suppressed, or others added by any verbal statements, but they may 
be explained by evidence of the usage of trade in general, or of that 
particular trade in reference to which the charter-party is made. The 
charter-party also generally contains two covenants which seem to be 
wholly inoperative: one, by which the merchant binds himself and the 
caro; the other, by which the owner binds the ship and freight in a 
p‘aal sum, for the performance of their respective covenants. In an 
“ction on the charter-party the actual damages proved will determine 
the amount to be recovered; and they will neither be limited nor 
extended by the penal sum named; and although by the general 
maritime law the ship and freight might be made directly available, 
there are no means for accomplishing that object in this country. As 
to the cargo, it is always subject to the general law of lien, unless the 
parties by their contract expressly discharge it. 

Under a contract of affreightment doubt often exists as to whether 
the goods conveyed are in the possession of the party entitled to the 
payment, and consequently there is doubt as to his having a lien on 
the goods. The question to be decided is whether the owner has 
parted with the possession of his ship, If he has entirely surrendered 
all control over the ship to the merchant who has chartered her, the 
merchant must be considered for the time as in possession of the ship, 
The goods on board, therefore, will be in his possession, not in the 

ion of the actual owner, who accordingly under such circum- 
stances will have no lien on the goods far the payment of the freight. 
But it must clearly appear from the Jariguage of the charter-party 
taken altogether, and explained by the circumstances of the employ- 
ment of the ship, that it was intended that such a complete demise of 
the ship should be made, one of the rules of construction being to 
interpret such instruments “agreeably to the nature of the contract 
that a prudent shipowner would bake” The right of lien always 
exists where the freight is to be paid before or on the delivery at their 
place of destination of the goods, or even, as Lord Tenterden himself 


decided (2 Barn. and Ald., 603), where there is “nothing to show that. 


636 
the .delivery of the goods was to precede the payment of that hire.” 
All these difficulties may be avoided i a clause in 
charter-party expressly stating whether it is meant that the 
should have a lien upon the lading for his freight and expenses. The 
owner does not lose his right of lien bing the lading in a public 
warehouse, provided he gives notice it is to be detained until his 
claim for freight is satisfied. 

If either party is not ready to perform the contract contained in the 
charter-party by the time agreed on, he is liable to an action for non- 
performance of his contract, and the other party may form fresh con- 
tracts with third persons. 

The charter-party generally contains a clause by virtue of nt 


ig 


freighter is entitled to detain the ship a certain further num! 
days for the purpose of loading and unloading her, on payment of a 
fixed sum per day. This payment and the time d which it 


occurs are both called demurrage : see that article [DemurracE], 
When a ship or a principal part of it is not let out by charter-party, 

the owners contract with several merchants ively for the con- 

veyance of their goods. A ship so employed is called a ship, 


owing 
without any default on his part, and only by the fraud of the shipper 
or of the holder, or some person under whom the holder claims. 
between the master or owners and the shippers, the bill of lading is 
the nature of a receipt, which is only evidence of the matters which it 
states, and is subject to be contradicted by proof of the real facts. 
case of an action for any breach of their implied contract 
against the master or owners, the party who ®wns 
mentioned in the bill of lading must be the plaintiff. This will be the 


master ought to receive back all the bills of lading or be i L 
against the consequences of having signed them, if the contract of 
conveyance is to be put an end to: and he has a right, in the absence 
of any fresh agreement to the contrary, to retain the goods till the 
freight which he might earn upon them has been paid. If after the 
contract for conveyance has entered into, fulfilment of 
becomes unlawful in consequence of some act of the government 
the country, sich as a declaration of war, a suspension of com: 
intercourse, or a prohibition to export, the agreement is dissolved, 
But nothing short of absolute unlawfulness can excuse the perform- 
ance of the contract. A contract is not dissolved by the tem; 
restraint of an em’ , Nor, as it seems, of a blockade of the port of 
departure. But a blockade of the port of destination dissolves the 
contract, because to sail to a blockaded port with the 
intention of breaking the blockade is an offence against the law of nations. 
If a party has absolutely contracted to furnish a lading for a ship on 
her arrival at a foreign port, and is prevented from doing so in con- 
seqhence of any law or regulation merely municipal of the foreign 
country, this will not excuse the non-performance of his contract: as 
where the export of the articles contracted to be laden is prohibited, 
or where intercourse is forbidden in consequence of the prevalence of 
an infectious disorder. In such cases, and where from any other cause 
the correspondent of the merchant is unable to furnish a freight, and 
gives information of that to the master, he cannot, by afterwards 
ee at the port the days prescribed, entitle the owners to 
emurrage, 

Passengers.—In all matters that regard the ship, the master has ~ 

within the scope of his duty an unlimited authority over the pas- 


g 
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sengers as well as over the crew. A passenger may quit the ship, but 
while he remains on board he is bound in case of necessity to do work 
that is ired for the service of the ship and to fight in her defence. 
If he thwart the master in the exercise of his authority or otherwise 
misconduct himself, he may lawfully be put under restraint or impri- 
soned. If the conduct of a passenger be unbecoming, or if he threaten 
the master with personal violence, he may be excluded from those 
parts of the ship which are frequented by the superior passengers, 
although he has paid such a fare as entitles him to be admitted there. 
If a passenger feels himself aggrieved by the manner in which he has 


‘or complaint. In addition to this general right of action, 
a general statute (18 & 19 Vict. c. 119) has been passed to regulate the 
conveyance forcement aealcarte in the United Kingdom to 
places out of Europe, and {not within the Straits of Gibraltar. It 
regulates the proportion of passengers carried to the tonnage of the 
ship, provides security for the sea-worthiness, cleanliness, outfit, and 
he delivery of a list of passengers to the collector of customs at 
of departure, and attaches ties to a violation of the 
eee ee pa eg des. ce the ee 
in case of his improper! ing passengers at any p) not con- 
tracted for, or wilfully delaying to sail, and provides for the mainte- 
reece ton lragange lg camnes mick lin: yg snap their arrival at the 
destined port. ie agreement with the passengers must be in 
writiffg, and have a scale of provisions attached. Prepayment of the 
fare by a steerage) passenger within the statute is imperative. Ifa 
fails to pay his fare, the master or owners have a lien on his 
Ripetaes $4 thei schorat. Nothing is due for the conveyance of aninfant 
born Mr ra tree abe oy Where there is a contract for the convey- 
of men or animals, freight is not due for those which die before 

ion of the voyage 


eee bin deer sd at ps 
‘orwarding © passengers found at ort 0} 
Eaindina tht at thie rds 06 tho one of the owners 
ship that should have conveyed them, all who accept of this 
forego their right of action against them. 
under Contract of Affreightment,—It is the duty of those who 
ey, to do everything and be provided with 
for the safe and accomplishment of 
; and if, their failure to ‘orm these duties, any 
results to the merchant, they will be answerable for it. At 
of the voyage the ship must be sea-worthy, tight, 
and sufficient, and properly equi with all necessary 
tackle. He who lets the ship is not ex by his ignorance of any 
deficiency in these respects. The ship must also be provided with a 
master and crew competent to command and work her, and to guard 
the cargo on board, and also with a pilot when necessary either from 
circumstances or from the law of the country. [Pritor. 
i of in case of any usage which 


ed storing of the ship, for the presence of a surgeon and medicines, 
7 t 
the 


i 


d 


B ES 
flee 
: 


ut 


eats a : 
, to provide things necessary for the 
lading of the vessel, and Sdn Ghar te goods so that they do not 
(armel var ethamey Salle ace or leakage of the ship. 
master must procure and keep al] documents, papers, clearances, 
&c, required by the authorities in of the ship and cargo; and 
he must from taking or on board contraband or 
false papers. He must wait during the time appointed for | the 
and, if required, also during gerd gece for demurrage. He 
are en duties to the ship is subject. The 
1 7 ict. c. 110, 


i are prepared, 
e must be commenced as soon as the weather is favourable. lf 


have been a uence of the deviation. If the ship during 
the voyage in wo. damaged that sho is unable to proceed without 
may 


the cargo, if not of a perishable cha- | 


racter, till the repairs are made. If the cargo is of a perishable 

kind, he ought to transship for the port of destination, or sell it where 

she lies if there be no opportunity of transshipment, or that course 

appear to be obviously injudicious. He may in all cases, where the 

circumstances require it, exercise a discretion as to transshipping the 

oe ; as, for instance, when the ship is wrecked or in imminent 
ger. 

Hypothecation of a cargo, like hypothecation of a ship, is “a pledge 
without immediate change of possession.” The party to whom the 
goods are hypothecated immediately acquires a right to have possession 
of them if the money advanced is not paid at the timeagreed on. This 
power of the master under circumstances of urgent necessity to sell 
or hypothecate the goods must be exercised with great circum- 
spection; and the exercise of it can only be justified when it is con- 
sistent with what would have been the conduct of a discreet and 
able man under the circumstances. During the voyage the master is 
bound to take every possible care of the cargo, and to do all things 
necessary for its preservation, and he and the owners will be answer- 
able for all damage which might have been avoided by the exercise of 
skill, attention, and forethought. When the voyage is completed, the 
master must see that the ship is properly moored, and all things done 
relative to her which are required by the law or usages of the country. 
The statutes 16 & 17 Vict. c. 107; 23 Vict. c. 22; 23 & 24 Vict. c. 
110, contain the regulations relative to customs to which it is n 
to conform in this country. Upon payment of freight and the pro- 
duction of bills of lading, the cargo must be without delay delivered 
to the parties entitled to receive it. If the freight due on any goods 
is ed ready to be paid, the master may detain the goods or any part 
of them. 

When the master is compelled, by an act of parliament, to land the 
goods at any particular wharf, he does not thereby part with the 
aan np of the goods, and consequently does not lose whatever right 

e may have to detain them. If are sold by the custom-house 
officers before the freight is paid, the master is entitled to receive the 
first proceeds of the sale in discharge of the freight. In foreign 
countries, where any accidents have occurred to frustrate or interfere 
with the objects of the voyage, or any one of the parties to the con- 
tract feels himself aggrieved by the conduct of any othér, it is 
apenas A daeii up a narrative of the circumstances before a public 
notary. is narrative is called a protest, and in foreign courts is 
admissible in evidence generally ; but in our courts it is not admissible, 
except as evidence against those who made it. 

Non-performance.—Certain circumstances operate as an excuse to the 
master and owners for non-fulfilment of their contract. ‘The act of 
God” is understood to mean those accidents over which man has no 
control, such as “ li ining, earthquake, and tempest.” pl ew of 
the sea,” in strictly, apply only to the dangers ca merely 
by the elements, but these words have received a wider application, 
and in litigated cases the jury, after hearing evidence as to the usage 
which prevails among merchants, will determine what interpretation 
has been intended to be given to them. In the exercise of this dis- 
cretion, juries have determined that the taking of ships by pirates is a 
consequence of the perils of the sea; and the verdict has been the 
same where the loss was caused by collision of two ships without my 
fault being attributable to those who navigated either of them ; 
also where the accident was caused wholly by the fault of those on 
board another ship. But all cases in which the loss happens by 
natural causes are not to be considered as arising from the perils of 
the sea. If the ship is placed in a dangerous situation by the careless- 
ness or unskilfulness of the master, and is in uence lost, this is 
not a loss from the perils of the sea, although the violence of the 
elements may have been the immediate cause of it. If a ship is reason- 
ably sufficient for the purposes of the voyage, the master will not be 
liable for a loss arising from the perils of the sea, because a ship might 
have been built strong enough to resist them. The “restraint of 

i and rulers” is understood to mean a really existing restraint, 
not one which is anticipated, however reasonably or honestly. 

The merchant must use the ship only for lawful purposes, and not 
do anything for which it may be forfeited or detained, or the owners 
made liable for penalties. In case of any violation of the agreement, 
by employment of the ship for purposes other than those contem- 
plated, or failure to perform the terms as to lading, &c., the amount 
of compensation, in case of dispute, is determined, as the circumstances 
of the case may require, by a jury. The words primage and average, 
which appear in the bill of lading, mean, the first, a small sum paid to 
the master ; the second, as there used, certain charges, varying accord- 
ing to the of different places, for towing, beaconage, &c. 

Preight-When an agreement for conveyance is expressed in the 
[ase form, or when there is no actual agreement, but only one 

lied by law from the circumstances of the case, there results from 
it a duty upon the master and owners, first to deliver the goods at the 
place of destination, whether the ship is hired by the voyage or by the 
month, It is only by the entire performance of this duty that they 
can entitle themselves to the payment of freight. The ies may, 
however, so express the contract that the payment of or part of 
the freight pp he: due before or during the course of the voyage; 
in such case the word freight is used in a sense which does not 
properly belong to it; for in strict usage it means only money earned 


freight at the place of shipment, the question has arisen whether the 
meaning of the parties was that the sum should be paid at all events 
on delivery of the goods on board, whatever might afterwards befall 
them; or whether it was merely to point out the place of payment 
in case the freight should become due by reason of the arrival of the 
goods at the port of destination. In all such cases the intention of the 
parties is a question of construction for the court subject to any usage 
of the port where it was made, or of the trade with which it is con- 
nected. The same observation will apply to cases where money has 
been advanced by the merchant, and it is Uieputed whether the money 
is to be considered as a loan or part payment of the freight. 
lf the master unnecessarily sell the goods, and so prevent both him- 
self from earning the whole freight, and the merchant from accepting 
the goods, the merchant is entitled to the entire produce of his goods 
without any allowance for freight, If the ship has actually never com- 
menced the voyage, the owners are not entitled to any payment what- 
ever, although they may have incurred great epee in lading her, 
and though her failure to commence the vo, not attributable to 
any neglect or misconduct of theirs. Where the contract of hiring is 
for a voyage out and home, at the rate of so much per month, &c., 
during the time the ship is employed, and the contract is entire, no 
freight is due unless the ship returns home, even though she may have 
delivered her cargo at the outport. But if the voyages out and home 
are distinguished in the contract, freight will be earned on the delivery 
of the cargo at the outport, See further under Binz or Laprine and 
Fazicnut. 
General Average —Ili any part of the ship or furniture, or of the 
goods, is sacrificed for the sake of saving the rest, all ies in’ 
must a towards the om, Fan ppeasonys is properly called 
‘Average. It is sometimes gen average, in opposition to 
special or particular average, which is the contribution towards any 
kind of partial damage or loss, or gross average, in opposition 
average, which is the contribution mentioned in the bill of 
towards the sums paid for beaconage, towage, &c. [AVERAGE.] 
The principle of average is recognised in the maritime law of all 
nations. It was introduced into the civil law from the law of Rhodes 
(‘ Dig,’14, tit. 2, “ Lex Rhodia de Jactu;” and the Commentary of 
Peckius, “ In tit. ‘Dig. et Cod.’ ‘Ad Rem Nauticam pertinentes.’’’) 
{a order to constitute such a loss as is the subject of average, it must 
incurred by design: the masts must be cut away, or the goods 
thrown overboard; and this must be done for the sake of saving the 
test, as in the case of throwing gone overboard to keep the vessel 
from sinking or striking on a rock, or to lighten her that she may 
escape from an enemy, or of cutting away a mast or a cable to escape 
the perils of a storm, The necessary consequences of these acts are 
also the subjects of average; as where, in order to throw some goods 
overboard, others or some parts of the ship are damaged ; or where it 
becomes necessary, in order to ayoid the danger or repair the injuries 
caused by a storm or the enemy, to take goods out of the ship, and 
they are in consequence lost. The expenses also incurred in these 
operations are equally the subject of average. But the injuries incurred 
by a ship during an engagement with the enemy, or from the elements 
in conseq of es taken to escape from an enemy, are not of 
such a nature as to fall within the definition. If are laden on 
deck, no average is recoverable in respect of the loss occasioned by 
throwing them overboard, unless by the usage of trade such goods are 
usually so laden, Ifa ship is voluntarily stranded for the purpose of 
saving her and the goods, and afterwards gets off safely, the expenses 
incutred by the stranding are the subject of general contribution ; but 
if the ship be wrecked in consequence of the youaey: stranding, 
there is a difference of opinion whether the wrecking be voluntary, and 
therefore such a loss as calls for a general contribution. If, in conse- 
quence of such an injury done to a ship as would be the subject of 
average, she is compelled to go into port to repair, the necessary 
expenses incurred in refitting her, so as to enable her to prosecute her 
voyage, and the amount of port dues, and provisions expended 
to lish that object, are also the subject of average; and, if the 
master is unable to obtain the money necessary by any other means 
than by the sale of a part of the cargo, the loss caused to the merchant 
= such sale is also the subject of average, If, in consequence of 
sacrifice matle, the ship éscape the danger which immediately 
threatens her, but is afterwards wrecked or captured, and the remain- 
ing goods, or part of them, are saved or redaptured, these are bound to 
contribute average towards the loss in the first instance incurred, in 
proportion to their net value in the hands of the merchant after all 
uses of salvage, &e., have been paid. 
e things upon which average is payable are, the ship, boats, furni- 
ture, &e., but not provisions or ammunition ; dlso all merchandise, to 
er belonging, which is on board for the epee traffic, 
but not the gee | apparel, jewels, &c., of parties on for their 
own private wee, The freight due at the eid of the vo is also 
subject to average. The goods are to be valued ab the price for which 
they would have sold at the place of destination. Ifthe ship, by reason 
of what happened when the average was incurred, return to her port of 
lading; and the average is there settled, the goods are to be valued at 
the invoice prieé, The lowes incurred by the ship and furniture, &e., 
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are calculated at two-thirds of the price of the new articles rendered 
necessary to be pure usages of other countries as to all 
matters connected with ay differ in some respects both from those 
of each other and those of this country, ere the average has been 
adjusted according to the established law and usage of the country in 
which the adjustinent was made, it is binding upon all the parties to 
it, unless there be some special contract between them which provides 


otherwise, 


and distress from which the pro 
imminent peril, and almost ce ply Joes if not at the time reseued 
and preserved; 3rd, the degree of i 


proportions. If the parties cannot agree as to the amount, the salvors 
may retain the property until compensation is made; or they may 
bring an action, or commence a suit in the Admiralty Court, agai 
the proprietors for the amount. In ease the property is retai 


proprietors may, upon tender of what they think sufficient, demand. ‘it, 


and, if it is refused, bring an action to recover it, in which action the 
jury will determine as to the amount due, The costs of the action will be 
paid by the salvor or the proprietors, according as the amount tendered 
is or is not determined to be sufficient. The Court of Admiralty has 
jurisdiction originally in those cases where the salvage has been 
effected at sea, or within high and low water mark, A 

is not entitled to salvage for his assistance during the time he is le 
to quit the ship. But, if he remain voluntarily on board, he may 
recover salyage for the assistance which he has given, On one occasion, 
where 4 passenger under such cirvumstances, after the desertion of the 
master and part of the seamen, assumed the command with the consent 
of the mate and the remainder, and brought the ship safe into port, he 
obtained a large sum as salvage. A distinct contract for assistance will 
do away with any claims for salvage on behalf of the parties who 
render it. Though a king’s ship is bound to assist a merchant ship in 
distress, it still has a claim for recompense, but cannot prosecute it 
without the leave of the Board of Admiralty, Inawarding salvage, no 
claims are allowed which are founded on merely prerogative rights, as 
those of the lord-high-admiral, flag-officers, magistrates, &c.: those 
claims only are allowed which are made in respect of assistance 


with the preservation of property, that is a circumstance which 
affect the amount of salvage. If freight is in progress of being sth: 4 
aud afterwards does become due, salvage is of 
freight also, When ings for salvage have been commen 
the Admiralty Court, the defendants may tender by act of the 
any sum which they consider sufficient, and the court will then enter 
upon an inquiry, and determine what is right between the 
If the sum tendered has been sufficient, the court may hold the 
salvors liable to the expenses of the proceeding. With 


justices of the peace, whose decision is final on all sums nob exceeding 
501. Above that amount, there is an appeal to the Court of Admimalty. 


analogous provisions ate enacted relative to goods, parts of ship's furs 
niture, do, which are found on recovered, whether they may have 
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belonged to ships in distress or not. The statute which relates to the 
i is 1 & 2 Geo. IV. o. 76. 


the owners, and the captors. Where the capture 
not in the King’s poy he received no share, but a 
proportion rah my to the In the reign of George II. 
provision was for the time made by various statutes for the resto- 
ration of the recaptured ship and eargo to the owners, and the rates of 
arying according to the length of time that had 
since the capture. In the reign of George III. these rates 
were done away with, and by various acts the rate of salvage was fixed 
at one-eighth of the yalue in the case of king's ships, and one-sixth for 
private ships; where the was effected by the joint operation 
of king’s and private ships, the Court of Admiralty were to order such 
as was reasonable. Convoying ships are entitled to salvage for 
the recapture of ships which accompanied them. A ship, which has 
once been used as a ship of war, is not subject to be restored if after- 
wards recaptured. If a ship is deserted 


case 
con- 


without salvage, unless there is reason to suppose 
cumstances the ship would have been condemned in the courts of the 
capturing nation. Where it appears that such would have been the 
case, the British subjects are entitled to salvage. Ships and merchan- 
dise taken from pirates are subject, by 6 Geo. IV., c. 49, to a payment 
of one-eighth of the value. [Prize.] 

(Maclachlan, On the Law of Merchant ; Abbott, On Shipping, 
ship) Shee ; Maude and Pollock, ium of the Law of Merchant 

HIPWRECKS. That wrecks are numerous, is a fact well-known 
to a seafaring nation like ours; that they must necessarily be consider- 
able in number, regard being had to the perils of the deep, will of 
course be admitted ; but that nothing can be done to lessen their 
frequency, would be a hopeless theory of which we ought to be 
ashamed. ing, for the sake of fixing the ideas, that some wrecks 
are occasioned by a want of scientific knowledge of winds, waves, cur- 
rents, whirlpools, shoals, reefs, and sunken rocks, on the part of 
meteorologists and h phers; that others are caused by the in- 
competency of captains and mates; that others again result from the 
insubordination, carelessness, ignorance, or obstinate fatalism of sea- 
men; that a fourth group are due to the deficiency of lighthouses, 
beaeons, and buoys; and that the remainder arise from want of ready 
assistance to ships which, though placed in peril on shoals or near 
rocks, might yet be saved if aid were at hand on the beach or the cliff 
—who shall say that these evils are incurable? who can put a limit to 
the iny snts which might be wrought ? 

A di story, indeed, does the “ Wreck-chart of the British 
Islands” tell, as published annually by the Admiralty, and afterwards 
in the ‘ Life-Boat Journal.’ It may be designated a truly distressing 
map. Every wreck on our coasts has its little black mark; and the 
aggregate of such black marks reveals the number of wrecks in one 
year. Knowing that a black spot @ indicates a vessel wrecked, and 
that + indicates a vessel so seriously damaged as to need to discharge 
cargo, we look eagerly for the relative numbers of these little spots and 
stars; and it is to see how numerous are the fatal black 


g, there ought, on 
sense sufficient 


te to its name; 
and the mouth of the Wear. These three rivers may be 
on as the representatives of the district whence three million tona 
coal are brought by sea to London yearly, employing the services of 
thousand collier ships, which sail to and fro, and add to the 
otherwise busy commercial trade of the Northumbrian 
The mouth of the Humber, the Suffolk coast between Yar- 
mouth and Southwold, the intricate sandy shoals off the mouth of 
Thames, the Goodwin Sands, the Scilly Islands, Barnstaple Bay, 
Liverpool, are the portions of the En; coast which pregent, in 


next degree, the most numerous indications of ship-losses. The Welsh 
coast is thickly strewn, especially Glamorgan, Pembroke, and Anglesea, 
Scotland, except in and near the Frith of Forth, presents no large 
num! 3 the western coast is, indeed, remarkably free, due probably 
to the less exposure to the winds which tend to drive ships ashore on 
our eastern seaboard. Ireland presents a tolerably equable distribu- 
tion along the east and south coasts: less on the northern and western. 

Many inquiries into the causes of shipwreck have been instituted ; 
and qovecially Gas by a committee of the House of Commons, One of 
the results has been the construction of harbours of refuge, which 
have not hitherto been very suecessful. One frequent eause of wreck 
is collision, arising from look out or neglecting to show light. 
Another cause was the occasional incompetence of the master in 
merchant vessels, To remedy this, Mr. Cardwell, in 1854, brought in 
and carried a bill To Amend and Consolidate the Acts relating to 
Merchant Shipping ;” it constitutes the act 17 & 18 Vict. c. 104, and 
received the royal assent August 10,1854. The statute is of great 
length, and relates to eleven different topies, bearing upon the well- 
being of sailors and their ships :—the relation of the Board of Trade 
to the commercial marine; the ownership, measurement, and register 
of British merchant ships; the qualifications of masters and seamen; 
the precautions for safety on ship-board ; the arrangements concerning 
pilots; the management and tolls of lighthouses; the constitution of 
the Mercantile Marine Fund; the laws relating to wrecks, casualties, 
and salyage; the liabilities of ship-owners; legal course of procedure 
in the event of misdemeanor; and miscellaneous details. Inspectors 
of merchant ships, and investigators in respeet to wrecks and accidents, 
are appointed by the Board of Trade ; new examinations for masters 
and mates are , Separating foreign-going ships from home- . 
trade passenger ships; the Board is empowered to suspend certificates 
to masters and mates, in ease of misconduct or inefficiency; naval 
courts are instituted abroad or on the high seas, in correspondence 
with the Board, to inquire into eases of wreck or abandonment of 
ships; the number and size of the boats to accompany all trading 
ships are denoted; every ship carrying more than ten passengers 
must be provided with a life-boat, or an ordinary boat rendered 
buoyant, and with two life-buoys—the boat and buoys being always 
kept ready for use; lights and fog-signals are to be used, such as may 
be suggested by the Admiralty; iron steamers must have water-tight 
compartments, and safety-valves beyond the control of the engineer; 
sea-going ships must be proyided with fire-engines and hose, signal- 
guns, and ammunition for firing signals of distress. 

Besides the provision for preventing wreck, the Act contains mam 
clauses, applying to cases in which wreck may unhappily have occurred, 
As these arrangements are somewhat peculiar, it may be well to notice 
them a little closely. All matters relating to wreck are placed under 
the general superintendence of the Board of Trade, by whom “ receivers 
of wreck” are appointed. These receivers haye the chief command 
and authority over all persons present at any wreck, or similar 
casualty, and power to issue such directions as may'seem expedient 
for the preservation of life and property, or for the prevention of 
plunder and disorder. Whenever a ship is stranded, or otherwise 
in distress on British shores, bystanders are encouraged to render 
assistance, by having a pecuniary interest in the preservation of life or 
property. If services so rendered shall be instrumental towards the 
object in view, the persons shall have a claim on the owner of the ship 
for a * reasonable amount of salvage.” Numerous directions are given _ 
for ascertaining what would be a“ reasonable amount” in each case; 
for enforeing the claim of the salvor against the distrainor ; for dis- 
posing of an unclaimed wreck; and for adding to the salyor’s reward 
out of the Mercantile Marine Fund, in cases where life has been pre- 
served, and where the wrecked ship is insufficient in value to 
the salvageawarded. The Mercantile Marine Fund here adverted to is 
made up in a eurious way: it consists of certain fees received by the 
Board of Trade for examinations and registries connected with mer- 
chant-ships ; lighthouse dues accruing by virtue of certain sections of 
the Act; rates aceruing from lastage and ballastage in the Thames; 
and fees derived through the receivers of wreck. The fund, kept by 
her Majesty's Paymaster-General, is employed in payment of the 
salaries of examiners, surveyors, receivers, &c.; expenses in regard to 
lighthouses, buoys, beacons, lastage, ballastage, life-boats, &e.; and 
rewards to persons who assist in saying wrecked ships, or crews, or 


Wrecks, however, will still oceur on our coasts, and the necessity 
arises for affording assistance. By the efforts of the National Life- 
Boat Institution, which has received the support of the government, 
life-boats have been placed at most of the dangerous parts of our coast, 
[Lire-noars.] But there are times when other aid is needed; when 
a ship is in distress so near the shore as to be within reach of a rope, 
if means were at hand to throw it—while, perhaps, no boats are near 
the spot fitted to render the required service. What are the crews 
to do? Sailors, unfortunately for themselves, are in too few cases 
swimmers ; ‘d@nd even a swimmer has a poor chance for his life in such 
weather and such a sea as usually accompany these strandings of 
shi The men generally cling to their vessel as long as her timbers 

hold together, rather than strike out and endeavour to swim to 
shore, In such case their safety mainly depends on the establish- 
ment of some communication with the shore, Such communi- 


SHODDY MANUFACTURE. bid 


cation was the object of Captain Manby’s attention, and his name 
is intimately associated with the of this of the sub- 
ject. He had, in 1783, thrown a line, by means of a small mortar, 
over Downham Church, in Norfolk; and it struck him he 
might, by the same means, throw a line over a strand essel, 
During many subsequent years he made experiments ; his 
main difficulty consisted in securing the shot to the rope; iron chains 
were liable to break on the ; but at length he found that 
stout strips of -plaited raw hide would answer the Paleo 
The rocket apparatus is now thoroughly effective, and many thousand 
lives have been saved by means of the ropes thrown out to stranded 
ships, through the agency of mortar-rockets. There are upwards of 
200 on the shores of the United Kingdom, where such apparatus 
is kept, mostly under the of the coast guard, who, from the 

jar nature of their other duties, are well adapted for this kind 


of service. ~. 

SHIRE, from the Saxon schyran,.to divide (whence also to shear), 
is the name of districts into which the whole of Great Britain is 
divided. The word shire is in most cases equivalent to cownty,a name 
often substituted for it in Great Britain, and always in Ireland. The 
origin of this distribution of the country cannot probably now be 
ascertained. It has been customary to attribute it to Alfred, upon the 
authority of a passage in Ingulphus, the monk of Croyland, who wrote 
about a century and a half after the reign of that king. Asser, how- 
ever, the biographer of Alfred, does not mention this most important 
fact, and the unsupported statement of lphus is of little value. 
In truth, shires were certainly known before Alfred’s time. Sir Francis 
Palgrave shows them to be identical, in many cases, with Saxon states ; 
thus Kent, Sussex, Essex, Norfolk, Suffolk, Middlesex, and Surrey, 
were ancient kingdoms: Lincolnshire, under the name of Lindesse, 
‘was an independent state, and Worcestershire (Huiccas) was the juris- 
diction of the bishop of Worcester. Shires of another class were 
formed out of larger divisions, either for the sake of more easy 
management when the population of the particular district had 
increased, or for the sake of giving territory to an earl. Yorkshire 
was part of the kingdom of Deira, and Derbyshire of Mercia. Lanca- 
shire was made a county subsequently to the Conquest. On the other 
hand, some shires have merged in others; Winchelcombeshire is a 

of Gloucestershire; and in the Act for abolishing the palatine 
jurisdiction of Durham (6 & 7 Will. IV.,c. 19) no less than five 
shires are mentioned, namely, Craikshire, i ire, Norham- 
shire, Allertonshire, and Islandshire ; which had long ceased to possess, 
if indeed they ever enjoyed, separate jurisdictions. 

The uses of the division into shires may be learnt by an enumera- 
tion of the principal officers in each :—1, the lord lieutenant, to whom 
is entrusted its military array Wg Lizurenant]; 2, the custos 
rotulorum, or keeper of the rolls or archives of [the county; this 
officer is appointed by letters-patent under the great seal, and is now 
always identical with the lord-lieutenant, except in counties of cities, 
where the high steward is usually custos rotulorum ; 3, the sheriff, or, 
as he is often called, the high sheriff [SHerirr]; 4, the receiver- 
 wegricg of taxes, who is afipointed by the crown, and accounts to it 

‘or the taxes levied within his district; 5, the coroner [Coroner]; 6, 
the justices of the , whose commission extends only to their 
own county, and who, assembled in sessions, have jurisdiction over 
many offences, and control over the county funds [Sxssions]; 7, the 
under-sheriff, who is se aS by and orms nearly all the duties 
of sheriff; and 8, the clerk of the peace, an officer (almost always an 
attorney) appointed by the justices in quarter-sessions, whose duty it 
is to file and produce recognisances, returning them, when forfeited, 
to the sheriff to be levied [Recocnisance]: he likewise prepares or 
files indictments to be tried at the sessions or assizes, and in general 
acts as the officer of the justices in quarter-sessions, 

County-rates are assessments made by the justices in quarter- 
Saad press Fey ing to <a laid before them. The 
prin ° ° rates are: the building and repair of bridges, 
jails, shire halls, and courts of justice, and of ray ie 
asylums; the repair of roads; the payment of the ies of the 
coroner, clerk of the peace, high and special constables, jailers, &c. ; 
the expense attending the apprehension, conveyance, and prosecution 
of persons of crime; and under this head is included the 
remuneration to witnesses for their loss of time and expenses; the 
maintenance of prisoners, and their transportation. The rates are 
levied by collectors, and enforced by the sheriff. 

The judicial tribunals in each aig fy 2 the assize court [Assizxs]; 
the old schyremote or county-court held for the election of knights of 
the shire, and the hundred courts, and courts-leet. [Courrs.] These 
hundred courts and courts-leet have long been almost entirely obso- 
lete, and the county court statutes accordingly. contain provisions for 
Othe tial to hye 

principal subdivision in a county is the hundred, a district 
which in its origin bore relation rather tc the po than to any 
uniform raphical limits, Mr. Hallam considers it to have been a 
district ited by 100 free families, and that a different system pre- 
vailed in the northern from that of the southern counties; in proof 
of which he contrasts Sussex, which contains 65 hundreds, and 

Dorsetshire, which contains 43, with Yorkshire, which contains only 26, 
and Lancashire, only 6. In the counties north of the Trent, this sub- 


be nearly equal; in a higher olass of 


division is often called a wapentake. That the division into hundreds 
was known among the Germans, even in the time of the Roman inva- 
sion, is argued from two fpassages in Tacitus (‘De Mor, Germ.,’) “ ex 
2 ox singuls pg at” And again,” Content, slagulis (pring 
centent ex singuli is sunt.” of a 
pant adsunt ex plebe oon og iso eo * pan mop 
: nisi armati agunt ;” ence Spelman infers the i 

the wapentdch, or military array (taking of wea; yt 
court. Sir Francis Palgrave says that the bi 

and fortified resort, the s' le of the itants of the hundred. 
The subdivision of the hundred was the tithing, composed, as it is 
alleged, of ten free families, and having for an officer the tithing-man, 
a head constable. 

Whether in the barbarous times to which it is attributed, so elabo- 
rate a is at least 
most doubtful’; but the theory is that somewhere about the time of 
Edgar (a.p. 950), the county was divided into tithings, of which 12 
made a hundred—for the Saxon hundred meant 120, and hence per- 
haps the frequent use of the number 12 injour legal processes. 
hundreds were presided over by their decanus, or 
hundred-man, and were ss in the shiremote ; and 
gate body, the shire, ided over by its earl and bishop 

had 


These 
this ‘agige: 
aggre- 
or sheriff, 

conducted its own internal affairs, 

There are three counties-palatine, the earl of which within his 
shire all the fiscal and judicial powers of the crown :—Chester, created 
by William the Conqueror; the duchy of. Lancaster, created by 
Edward IIL—these two have been long annexed to the crown; and 
Durham, formerly governed by the bishop, but annexed to the crown 
in 1836. In this year a part of the see of Ely, which had been a 
royal franchise, was annexed to the crown, as Hexhamshire in 
Gomertn had been in the reign of Elizabeth, [PaLaTINE 

OUNTIES. e 

SHODDY MANUFACTURE. This has recently become a large 
and important branch of industry in the West Riding of Yorkshire. 
Shoddy and-mungo are the strange names given to two varieties of rag- 
wool; the one being obtained from old blankets, carpets, flannel, and 
worsted stockings ; and the other from tailors’ cuttings and worn-out 
woollen garments. In both cases, the pieces are torn up fibre from 
fibre, constituting a kind of dirty short-stapled wool. There is a third 
variety called extract, obtained from “union” or “mixed” goods, in 
which cotton is woven up with wool; rags of this kind are exposed 
to the action of chemical agents, which completely dissolve 
away the cotton, and leave the wool behind. 

So far back as half a century ago, cloth manufacturers 
to mix a little ee By with new wool in the making of 
cloth; but it is only in recent years that a large and distinct 
of ind has resulted therefrom, At the P 


many thousand persons in several mills—in er. and 
mungo from rags, in sorting and preparing rag-wool from 
abroad, or in spinning the old with the new wool into yarn for weaving 
into cloth, Besides the two towns here named, the manu is 


40 million pounds of m and shoddy. the whole quantity, 
about one- is m , of an average worth of 6d. per ; and 
two-thirds shoddy, worth 4d. This amounts to the sum of nearly 


SHOE TRADE. 


SHRAPNEL SHELLS, 


times as much new wool as rag-wool. It is all a matter of price. One 
cause for the (apparent) cheapness of woollen goods within the last few 
years is the large admixture of mungo and shoddy. None but a skilled 
detect this admixture ; and in some cloths, indeed, mungo 
combined so judiciously with new wool as to produce a really strong 
ungo. made from the best woollen cuttings is, in fact, 
better than new wool of low quality ; and cheapness is here something 
more than a name, The kinds of cloth chiefly produced, having 
mungo or shoddy as part of their substance, are numerous, and 
receive ions conveying very little information except to those 
in trade; such as tweeds, ee duffels, 
i witneys, mohairs, pilots, petershams, strouds, savelists, rever- 
linings, sealskins, para cheviots, &c. The most extensive 
manufacture is that of pilots, a cloth employed in 
heavy substantial “pilot coats” used by sea-faring men. 
the pe may have much or little shoddy in them, according 
to 
processes need not be described here. They partake of the 
same general character as those treated under WOOLLEN AND WoRSTED 
Manvracture. (Jubb, ‘ Hi of the Trade,’ 1860.) 
SHOE TRADE. Under-Boor anp SHozr Manvuracture, some of 
the mechanical features of this branch of ind were noticed. In 
ion between the 
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A , in the old statutes, is called a cordwainer, apparently 
a the ier, which means a worker of 


ies of shoemakers in our ancient towns 
is name; and where some of these com- 
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Wages then were very low; but 
, and the habits of the time 

Towards the end of the last century, the shoemaker’s 

ing in the shop of his master, or 

several other men. Jf married, he followed his 

his own home. If unmarried, he joined himself in a 

workman in a like condition, and 

, felt more at ease than under the former 

is still is the practice among the better-paid 


HOE Manvuracturg, the recent importations of boots, 
countries are noticed. 
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and unwrought,” exclusive 
5 under this head for 1860 was 
<piee by declared value of 1,407,557/. It is computed 

i of the above quantities consist of boots and 
exported chiefly to Australia and 
in the latest edition of his ‘Commercial Dictionary,’ 


have an aggregate value of 10,000,000/.; of which 
sets down about one-half for wages, and the other half for materials 


In the article just cited, it was stated that, in 1859, a struggle had 
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arisen between the masters and men concerning the employment of 
sewing-machines, The masters have now (1861) gained their point, as 
they are always likely to do where labour-saving contrivances are in 
question. According to information given in an article by Mr. Charles 
Knight, in the ‘Companion to the Almanac’ for 1861, the workmen 
are gradually yielding, seeing that opposition is of no avail. It was 
supposed in 1851 that no less than 30,000 persons were in various ways. 
employed by the Northampton boot and shoe-makers alone; and since 
that year the trade has extended greatly, both at Northampton and 
Stafford, and in various villages surrounding those two towns. In the 
large factories, the upper leathers are now to a considerable extent put 
together by the aid of the sewing-machine; the machines belong to the 
employers, and there are often fifty or sixty of them in one room. The 
women employed at the machines earn much more than by hand- 
sewing; but of course not so many of tliem are needed. Some of the 
manufacturers are of opinion that the machines are not suited for 
men’s strong shoes, on account of a difficulty in using waxed thread ; 
but others believe that the machines will gradually impart a wholly 
new aspect to the trade. The “ Northamptonshire Boot and Shoemakers’ 
Mutual Protection Society ” was unable to stem the current; and the 
machines are now employed, not only in the large factories, but by the 
workpeople themselves. “A dealer in the machines informed me,” 
says Mr, Knight, “that a few provident shoemakers were purchasing 
the machine for the domestic employment of their families, by which 
one female of their household would be able to earn more than was 
formerly earned by the wife and two or three daughters. The ad- 
vantage would not rest here. The wife would beat liberty, by working 
a few hours a day at the machine, to have leisure for her domestic 
duties ; and would thus obviate the reproach attached to too many 
shoemakers’ wives, that the dirty home, the slatternly habits, and the 
neglected children, drive the husband to the public-house. The 
machines cost from 12/, to 25/. I saw one which the dealer in machines 
was about to sell to a steady workman, upon his paying the cost by 
instalments.” The apparatus will be found briefly described under 
EMBROIDERY AND SEwrne MAcHINES. 

The Americans carry on the shoe-manufacture ona scale not equalled 
by anything known in this country, A-large steam-factory for the 
purpose has been established at Haverhill, in Massachusetts, In the 
basement story are machines for cutting, rolling, and shaping the 
leather for shoe-soles. In the next story the upper leathers are lasted, 
and the outer soles tacked on. In another of rooms are the 
pegging machines; long strips of wood, of the required width, are 
coiled up, and put into each ine; the machine uncoils the strip, 
cuts it up bit by bit, makes holes in the shoe, and drives a bit as a peg 
into each hole ; this is effected at the rate of fourteen pegs per second. 
In other rooms are stitching machines worked by steam. 

SHOOTING STARS. [Merrors.] 

SHORT-HAND. [Srenocraruy.| 

SHORT-SIGHTEDNESS. [Sicur, Derrcts or; Srecractzs.] 

SHOT are the balls (generally solid) of iron which are discharged 
from guns, howitzers, or carronades, Those which are used for the 
first of these kinds of artillery vary in diameter from 1-955 inches, 
which is that of a one-pound ball, to 795 inches, which is the diameter 
of a 68-pound ball. Shot for howitzers vary in diameter with the 
nature of that arm, from 4°476 inches, which is the diameter of a 12- 
pounder howitzer, to 9°88 inches. Carronades, which are now never 
used, discharged balls weighing from 6 Ibs. to 68 lbs., which were of 
course equal in diameter to those which belong to guns of equal 
calibre. Hollow shot have latterly been introduced into the service, 
principally for the navy. The guns for throwing hollow shot are 8- 
and 10-inch, and are sometimes called Paixhans, from the inventor ; 
though not so light as the howitzers of those calibres, they are lighter 
than solid-shot guns. They can be used for throwing both shells and 
hollow shot with small c Hollow shot, or unloaded shell, as 
they are in fact, have this advantage, that though their diameters are 
large, their weights being small, a small charge gives a high initial 
velocity, rendering them very effective for short or ordinary ranges, 
while from their large size they are capable of producing most 
destructive effects, more especially on shipping. The shot for RirLep 
ORDNANCE are described under that head. 

SHOT MANUFACTURE. [Lean. 

SHRAPNEL SHELLS, so called from the inventor, Major 
Shrapnel, R. A., are a most destructive description of projectile; they 
are pri ly used against skirmishers and scattered bodies of troops 
bi. wane range of common case, 300 yards, or of grape shot, about 
600 

i Bhescaal shell or spherical case shot, consists of a thin shell 
of cast iron, containing a number of musket balls and a small charge 
of powder just sufficient to burst it, and free the balls; a ruzp, by 
which the is ignited and the shell burst at the proper instant, 
is fixed in it, as in an ordinary shell. 

The effect of oe en me Shrapnel is due we 
velocity imparted to them by and not by the bursting charge 
which fa frees them. A pbeakoal tae shot ‘ion loaded is about 
the same specific gravity as a solid shot of the same diameter. A 
musket ball is effective when impelled with the same velocity as that. 
retained by a solid shot froma 6-pounder or 9-pounder at a range of 
about 1200 yards, If therefore ‘the spherical case shot be projected 

NN 
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‘will (di , 

) be the same as that of the shell before the explosion, and 

with which the bullets strike will be the same as that of 
sufficient to make them effective. 

common spherical case was attended with many i veniences, 

ordnance more i 

burst in the gun. This was supposed to 


necessarily thin, not being strong enough to resist the 
e full service ; I age Toe. was therefore reduced, 
iment, besides not being always successful, had the dis- 
reducing the velocity so much that the bullets were not 
in Boxer, R. A., showed that the cause of the shells 
was the concussion caused by the different relative motions of 
external case and the bullets in the interior, when the former was 
first put in motion by the esi ay concussion sufficient to ignite the 
of powder. He therefore invented the Sephenge, shall, in 
w the bursting charge is kept separate from the in a 
chamber formed by a thin iron diaphragm fixed in the shell when it is 
cast. 


The form of the shell will be readily understood from the accom- 
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Section of Boxer’s Diaphragm Shrapnel Shell. 
a, the fuze; » to n, the diaphragm; c,c, shell; p, the aperture for inserting 
bullets, which is afterwards plugged; 8, the bursting charge inserted at fuze 
hole. 


pearing. et It has been found perfectly efficient. The Shrapnel 
from Armstrong guns is described under RirLED ORDNANCE. 

SHROUDS. [Ssrrsvurmpre.] 

SHROVE-TIDE, or SHROVE-TUESDAY (from the Anglo-Saxon 
serifan, to confess), signifies the time of confessing sins; for which 
purpose this day was anciently set apart by the church of Rome as a 
preparation for the austerities of Lent. This season was likewise 
called Fasting-tide, Fastens, and Fast-mass, by all of which titles it is 
yet designated in different of the North. 

In the Reformed Church the ancient practice of shriving or con- 
feasing at Shrove-tide is discontinued, 

After the le had made the confession required at this season by 
the discipline of the ancient church, they were permitted to ind in 
festive amusements, although not allowed to partake of anything 
beyond the usual substitutes for flesh; and hence arose the custom 
yet preserved of eating pancakes and fritters at Shrovetide, which has 
given this day the vulgar appellation of Pancake Tuesday. The Mon- 

ing was, by the vulgar, called Collop Monday, a name which 
it even yet retains in some places from the primitive custom of eating 
eggs on collops or slices of bread, which the less scrupulous and more 
luxurious moderns have extended to collops of meat. 

On these days of authorised indulgence all kinds of recreations were 
tolerated, provided a due regard was paid to the abstinence com- 

" (Oana head Church; and from this origin sprang the Carnival, 

ARNIVAL, 

Ap ine pears of Sit age are also to be traced the diversions 
of football, cock-fighting, and cock-thro as well as the discon- 
tinued customs of whipping-tops, roasting of herrings, Jack of Lent, &c., 
which three last-named sports were evidently meant as of the 
rigour of church discipline, The cock-fightings and cock-throwings in 
Hagin’ i Me a” gone into disuse, were once general throughout 


season. 

( y's Olavis Calendaria, vol. i.; Brand's Poplar Antig., vol. i.) 

SI, in music, the name given by the English, italiana, tod French 
to seventh of the syllables used in solmisation; and, by the 
two last, also to the note, or sound, called B by the Germans and 
English. [Sotstsatton.} 

SIALA UES (from ciadov, “saliva,” and &ywyds, “that which 
leads Seng of agenta which increase the flow of saliva and other 
fluids from the parotid and other glands in the vicinity of the mouth. 


They operate in different ways, and are distinguished into local or 

remote, Of the loos, seean aie dake, clare one said 5 SAGE 

are also termed masticatories. Of the gaseous, the most familiar is the 
Sie celitacy plondo, being tho poseainn int torte eousanse cis 

i , bei e the _ 

fe ae als pak moten cease eat caves eae 
mastication a 


occasioned, 
insipid or insoluble the substance may be which is moved about in the 
mouth. Hence even a pebble will cause it. But if the substance 
possess an agreeable aroma, or a considerable degree of pungency 
acrimony, a greatly augmented secretion is the consequence. In 
climates piquant articles are extensively used to stimulate a 
action of the digestive Aromatics ; Foop.} In local 3 
of the mouth, nose, or even head, relief is often obtai by 
—- rae Fane ee : 
itory root and other pungent articles, or holding in mouth 
sree or tincture of these. Remote are 
into the system by the stomach or other channels, and 
woah gyi oy i —— Of these the oe oa 
mercury. often. proves remedial, especially fevers 
of tropical countries, in Which the incas of salivation is always 
as a forerunner of recovery. In persons whose systems 
sustain mercury, or to whom it is objectionable, a deficien 
frequent accompaniment of indigestion, is removed by 


snake-root, alone, or in combination with preparations of copper. 


The excessive salivation which results from even a small dose of pi 
mercury should cause the utmost caution to be observed in its use; 
especially as it is extremely difficult to remove it when once established, = 
or even to mitigate its effects. [Mercury.] But solution of chloride 
of soda or infusion of cloves is useful. a 


cially of the manner in which the wrath of the might be ° a 
and that they communicated their know: in pond rcs Pha. 
(Varro, ‘ ap Lactant., i, 6; Cic., ‘De Div., i. 2; Plat, ‘Phedr. p. 
244,) The number of such prophetesses to have been very 


ten N* : 
while others only knew four. (A®lian., ‘ Var. Hist.,’ xii. 85; ‘ 
Suidas, 7, S/8vAdAa.) Varro, however, appears in some cases to ma 
two sibyls out of two epithets belonging to the same person, while on 
the other hand he does not mention the Hebrew sibyl, Sabbe. (P : 
X. song We shall in this article only mention the most cele! 


si 

most ancient sibyl was Herophile, a daughter of Zeus and 
(Paus., x. 12,1). The sibyl was supposed to be a 
of Babylonia, but some thought that she was born at re 
lived before the Trojan war, the cause and issue of which she 
pf to have ap oag ove (Varro; Paus., = 1) on 
sibyl was sup, to have been a priestess in temple of 
Smintheus. She spent the greater part of her life in Samos, but, 
most other sibyls, she is described as travelling about 
cating to men her inspired wisdom. Thus we find her at 
and Delphi. She is said to have died in Troas, where a mon 
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upon the woman burnt three of the books, and returni 
ining books the same price as she had asked 
i ing; but when the woman, 


Hu 


was excited, and purchased the books; whereupon the str: 
woman vani These three its were the Sibyliine Books 
play such a prominent part in the history of Rome: they contained 
the ‘‘ fata urbis Rome.” Pine. iv., p. 259; Varro, ‘ap Lactant.,’ 
i, 6; Gellius, i. 19; Plin., ‘ Hist. Nat.,’ xiii. 27.) Now who this sibyl 
was, is differently stated. Some of the ancients represent her as the 
Beihaoen sty) others say that she had come from Cuma in 
others that she was the sibyl of the Italian Cume. M 


EE 


the care of. especial officers (duumviri sacrorum, in’ 
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sacerdotes sibylle), who had been appointed by the Tarquinius who 
purchased the books. qese officers had to consult the Sibylline 

(adire libros sibyllinos) on all occasions when the gods mani- 
fested their wrath by inflicting calamities upon the Romans, and when 
human help and human wisdom were not thought capable of averting 
their ~The answers which were derived from them were almost 
invariably of a religious nature, as they either commanded the intro- 
duction of some new worship, or the institution of new ceremonies 


or seeing the water flow from him, Perhaps some may doubt whether 


SIDEREAL (sidus, a constellation 3 sideral would be more correct), 


bably the following :—they opened the volumes at random, and what- 
ever passage first met their eye was thought to contain the suggestions 
adapted for the present case. The keepers of the Sibylline Books 
were at only two, with two attendants, After the banishment of 
the kings, the two keepers of the Sibylline Books were appointed by 
the people, probably in the comitia centuriata, for life. were 
exem, from all civil and military offices ; and whenever they to 


SIEGE is the process of advancing towards a fortress under the 
cover of earth thrown up from trenches excavated in the ground ; 


finally, by breaching the ramparts, either obliging the defenders to 
gy ty ear or forcing an entrance into the place. 


the place, and prevent the garrison from receiving succours, The 
besieging army, on its arrival, establishes itself in the environs of the 
place at such a distance as not to be annoyedsby the fire of the artill 

of the defenders}; protecting itself generally by redouts raised at 
intervals, both on the side nearest to the fortress and on that which is 


numbers of these priests was afterwards, perhaps in the year 8.c. 368, 
: ten, and half of them were to be plebeians’; in the time 
; . to 


= the approaches (the oblique lines of trenches) arrive at the foot of 


rampart of the enceinte may be breached in two places at once, But 
in systems which, like that of Cormontaingne, have very salient rave- 
lins, the approaches should be directed along the prestiaes capitals of 
a bastion, Set te ert parelin on each side, 

basti ; 
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In commencing operations, the engineers, havi ascertained on the 
| samt prolongations of those capitals, trace, by means of pickets 
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(A.D. 363) ; 
tilicho, a.p, 395. 
each time; and notwith- 
i have crept into it, the collection 

ms oud parton olieat sri weto instrument in 
eo Bosker ice, political as as religious, Hence 


3 eee 
pul 
oe 

i=} 

tee 
f 
i 


Books even as late as the middle of the 
i Sibylline verses was compiled and edited 


2 
e 
a 
2 
a 
pale 


possible, in some natural obstacle, as a morass or-a river ; and if no 
such obstacle exists, a redout be ioemay fo a tie eat lia 
parallel. 


are 

sunset, and are disposed the line at intervals of four or six feet 
from ¢ yee) obtai i 

* In the present article we have taken 600 yards as the distance at which 


the first parallel is established, though it is very probable that in any sieges 
now undertaken this distance would have to be greatly increased on account of 


. grape-shot was effectiy: while it would not be worth while for the garrison to 
same of the cube, pyramidal numbers. expend their piernanrdd in firing round shot at men in such extended 
(Nompens, Arrettations op. Swe Sires ‘ a Sspecially at night. | Now, howover, unless natural cover could be obtete cg 

i anon lanyraage the < is 4 vague term, implying only it would not be possible so expose men at that distance, for the fire of musketry 
with a notion o: position ;” it is also tly used in (rifles) would be very destructive, At the siege of the allies could 


doubtful, that we have retained the ordinary distance given in treatises, as by 
it the general principle of sieges can be easily understood ; and it must be re.~ 
membered that the explanation refers to a theoretic siege, in which the besiegers 


the failure of stores, &c., are taken into consideration. The subject is treated 
in the same manner that We treat abstract problems in mechanics,—disregarding 
friction 


out forming a mass about 


are sunk three feet below the | 
are effectually covered from the | 


view. of the besieged. The general 
greater width is given in places at in’ 
may be desirable to collect troops and material. 


The first operations of the working-parties take place during the 
night, in order that some progress may be made before they ‘are 
discovered by the defenders ; but should the latter suspect that ground 
is being en, they frequently discharge light-balls, by the light of 
which they may discover the places where the men are at work. These 
places being ascertained, it may be expected that the ground will be 
cannonaded, or that troops will make a sortie from the fortress, for the 
purpose of interrupting or driving off the workmen; and in order that 
this intention may be frustrated, the parties are accompanied by a 

of infantry, or covering , which is placed at about 50 
in front of the tracing-line. These troops obtain cover if possible, or 
lie down on the d, that they may not be exposed to the 
defenders’ fire ; in the event at sortie being made, they are 
ready to repel it : squadrons of cavalry are also, if the ground its 
it, stationed near the extremity of the parallel, that by a rapid move- 
ment they may take in flank and cut off the retreat of the sortie. 

The general uses of the parallels are to connect the lines of approach 
by a covered line of communication, to allow the trenches to be kept 
clear of troops and free for the workmen, and, affording cover and pro- 
tection to the guard of the trenches and a strong position for them 
to remain in during the day, to serve as lines of countervallation in 
confining the garrison of the place. As soon as the first parallel is 

i , the guard of the trenches is moved into it, for the purpose of 
protecting the succeeding operations. While the approaches are bei 
pushed forward, or indeed while the first el is being completed, 
the batteries c, c, c...., are formed either in or in advance of the first 
parallel to keep down the fire of the place either by direct or enfilade 
fire as shown by the dotted lines. ; . 

Since the trenches leading from the first parallel towards the place 
ought not to be song fe from thence, it is Bp that they must be 

‘ormed in zig-zag or oblique directions a a a, &c., crossing and recrossing 
the produced capitals of the bastions or ravelins ; ene that the several 
branches, if uced, should fall on the exterior of all the works of 
the place. @ first oblique boyeau (branch) of the trench may be 
defended by the fire of the parallel; but the second may, if found 
necessary, be by the fire of stationed in a small trench, 
ab, called a parallel boyeau, at the angle ' ween the first and second 
branches ; and a short branch for the li 
at the angles of all the zig-zag trenches, If the directions of the several 
oblique branches are not laid down on the ground, from a plan of the 
intended operations previously made on , the engineer endea- 
vours, during ‘the daylight, to observe, in direction of the most 
advanced of the glacis towards his right or left hand, some object 
towards which the tracing-line may be stretched and the trench carried 
on. These trenches are then executed by the working-parties, in the 

t the siege of 


purpose is generally formed 


same manner as the great parallel was formed. 
Badajos, in 1812, a French corporal, in the dusk of an evening, 
dexterously displaced a -line, which had been stretched by the 


British and dir it so that the trench executed along it 
might have been enfiladed by three guns on the ramparts of the castle, 
If the ent had not been discovered before darkness came on, 


the labour of the whole night would have been lost, and casualties 
might have occurred from the fire which the garrison might have 
directed along the trench. The workmen are usually relieved after it 
is dark, in order that the change may not be observed from the 


fortress; but the officers should be relieved earlier, that those 
come on duty may have light enough to examine the actual 
the works, and to take measures for directing the operations of 
men during the night. 

When the heads of the trenches have arrived within 300 yards of 


: 


gf F 


covered-way, which is usually about the fourth night from the time of 


order 


opening the trenches, a second parallel, BBB, is formed, in 
facilitate the communication between the several lines of 
to protect the working-parties, for it is evident that ha 
way between the first parallel and the place, as the boyeaux 


supports. the particular i 
attacked, and its extremities may terminated by redouts, or con- 


be 
tinued till they fall into the recede It is executed by sap 
[Sar], that the men may be quickly protected from the fire of m 
in the covered-way, which might =e begin to take effect.* 
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advance 


repair the damage done to his artillery - sy Ba ey The firing 


should be commenced during t, 
ate okie gh Ganeenian bya 2 theo Ct ponder sod Sata 


of elevation for each piece, so that the shot ma; ia ee re 
4 direction of : 


of the work to be enfiladed; this being obtained, the 


piece may be by means of timbers nailed to the platform 
rag Faso the aay bat up with equal accuracy by night 
y- 


After the fire from the ricochet batteries has silenced that of 


at any time relaxed, the opportunity may be 
some part of the approaches in a more manner, 
heads of the oblique trenches are about 
parallel and the foot of the glacis, a demi- 
out on each side of the produced capitals 
meets the prolongation of the crest of the covered-way ; its use 
protect the works which are to be executed in its front by a fire 


* It must be understood that this refers to smooth-bored fire-arma. 
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musketry, which, being nearer, is more effectual than that of the 

7 Howitzer batteries, ff, &c., are formed at the extre- 
tities of these parallels for the purpose of enfilading the covered-way 
with thus destroying the palisades and traverses. As soon 
e howitzers have produced some effect, the oblique 
trenches may be continued till they arrive at the foot of the glacis, on 
the capital of each of the works attacked, the branches being directed, 
as before, towards the exterior of any part of the covered-way from 
whence the enemy might enfilade them; and each being prolonged 
towards the rear about 10 or 12 yards, in order to form places where 
materials may be deposited out of the line of passage along 
the trenches. If the defenders should have established redans or 
redouts at the foot of the glacis, or should have carried out counter- 
approaches from any of the collateral works, in order to enfilade the 
ilakitina Gl stack; thoy ouput be avcnulted and destroyed as soon as it 
i that the fire from thence impedes the operations of the 


: 
E 


A parallel trench, cc, may now be executed to connect the 
points of attack at the foot of the glacis; for this purpose the squads 
of sappers turn to the right and left from the head of each line of 
apy roach, and meet each other, forming as they proceed atrench which 
is either rectilinear or curved towards the re-entering parts of the 
fortress, in order to enable the troops in it to fire less obliquely on the 
branches of the covered-way. This parallel should be made broader 
than the others, because considerable bodies of troops seo npycrvene 3 
collected in it, and at intervals steps should be made in it long enoug! 
to allow a company of men to mount in line over the Le For 
@hitgeclections of the troops;: the- creat: of ite parapet ould be 
furnished with i so as to leave between them small 


ing the 
place, sho ould 
retrenchments in the 


proper 
bata batteries for 

should be driven 
by a heavy fire from the mortar and howitzer batteries ; then the 
ee ee ee 
ird parallel, mount, at a si a little before sun-set, over its parapet, 
proceed rapi A of men then extend them- 


ves along its crest, and by their fire down that of the defenders 
on the parapets ; in the meantime the sappers commence forming with 


breaches 
the palisades. When the defenders have thus been compelled to retire 
behind the traverses in the covered-way, the assailants, who then 
become exposed to the fire from the parapets of the bastions or ravelins, 
retire into the lodgment which by this time may be finished on the 
i ee ee ne ine ee Cae maybe ssoouted 


the 
assault may take place at once on the salients of a ravelin and of the 
two collateral bastions; but if the ravelins byte eal adjeemned 
country, as in Cormontaingn e’s system, it can p ly at 
SIE aT easton dio on gushon Soiree’ the ire vavstina tn 
attem to on the approaches ween two ravelins, the 
am woele fies exposed to fires on their flanks and 
in rear as as in front. 

An assault [Arrack] by main force is always attended with con- 
geet Semen oe ee pestis, 38 peeterred to-erctinnes 
carrying on the approaches by sap. For , Supposing the 

to be fortified with do ad Gas ak hbe aeil)s x: teunebs a 

at about 30 yards on each side of the ridge between the two 

Calicd the varelide only, and carried in s ili 

direction till the two squads of 
or nine yards in advance of parallel. From hence the trench 
i i sap the ridge till it arrives at 
between 30 and 40 yards from the crest at the angle of the glacis; and 
at this spot, formerly, high breastworks, called trench cavaliers, kk, 
Sead pelprpiamer tetas sing a org Sogn pies 


were raised on the prolongations of branches of the covered-way, 
in order to allow a plunging fire of m to be directed into those 
branches. But as the fire of the 


have arrived~at about 24 feet from that angle, the crowning of the 
glacis commences. This is performed by extending the sap along the 
crest on each side of the angle, and throwing up-the earth towards the 
place in order to form epaulements for batteries. That the crowning 
trenches may be secured against the enfilading fires from the collateral 
works of the besieged, traverses are formed across them at intervals in 
situations where they may not interfere with the guns to be placed in 
the batteries ; and, on account of the fire which the enemy may still 
keep up from the branches of the covered-way and the retrenchments in 
the re-entering places of arms (see the figure in art. Forrrrication), a 
portion of a fourth el, mm, should now be carried out in order 
that troops placed there may protect the sappers during the formation 
of the batteries, and the artillerymen during the operation of breaching 
the ravelins. The crowning of the glacis is sometimes extended along 
the faces of the re-entering places of arms; and in this case trenches 
on those faces are connected with the fourth parallel by lines of com- 
munication formed in serpentine directions. 

The epaulements raised by the besiegers between the salient angle of 
the glacis and the first traverses on each side are to serve as counter- 
batteries, whose use is to ruin the parapet and dismount the guns in 
the faces or flanks of the collateral works, in order as much as possible 
to prevent the enemy from opposing by musketry or artillery the 
rent which is to be effected across the ditch; and the epaulements 

tween the first traverses and the re-entering places of arms serve for 
the breaching batteries. [Breacu.] The crowning batteries on the 
glacis of two ravelins, 7, are supposed to be finished about the six- 
teenth night from the time of opening the trenches. 

While the breaches are ne formed, the passages by which the 
descents into the ditches of the ravelins are to take are com- 
menced. These are either open trenches or subterranean galleries cut 
in inclined planes through or under the covered-way opposite the 
breaches ; each passage thus terminates at a perforation in the counter- 

about 3 feet above the bottom of the ditch if dry, or at the level 
of water if it contain any. The sappers throw fascines into the 
ditch if dry, till the heap is sufficiently high and thick to secure them 
from the fire of the defenders, and then getting in, they form by sap a 
trench and parapet extending some way up the breach itself. Prepara- 
tions are afterwards made for the assault. 

For this — the interior of the batteries and the s lead- 
ing to the ditches are during the night filled with troops, in whose 
rear are bodies of sappers with their materials ; and early in the morn- 
ing, after a heavy fire has been for some time kept up from the 
batteries in order to drive off the defenders, the troops charge up, and 
endeavour to keep the enemy engaged while the sappers execute 
lodgments on the breaches by filling their gabions with the loose 
earth; as soon as these are finished, the storming parties retire behind 
them, and from thence keep up a fire upon the enemy. These lodg- 
ments should if possible be on the tops of the es, but if the 
interior of the ravelin is retrenched by a redout, as ss, whose fire com- 
mands those spots, the lodgments must be formed on the ascent, that 
they may not be immediately destroyed. It is estimated that the two 
ravelins may be taken about the eighteenth night. 

If the ditches contain water which cannot be made to flow off, there 
may be formed across them solid causeways consisting of fascines 
laden with stones to make them sink, or of casks or gabions having 
their axes in horizontal positions; or floating- of timber-logs, 
casks or pontoons may be constructed ; and by nc Bh these means the 
troops may over to the assault. From the lodgments just men- 
nahivoniaer ate disied cn ty mp directly to the top of the breach, 
and from thence turning to the right and left they are continued about 
half-way down the faces of the ravelins: their extremities being made 
to join the parapets of these works. 

e redouts in the two ravelins are next to be taken; and to effect 
this object, it being supposed that the faces of the ravelins are too 
narrow to allow room for forming batteries on them, either a portion 
of the ravelin must be blown up in order to allow the fire of the 
breaching-batteries on the glacis to act against the redouts through 
the apertures, or else the redouts must be breached by undermining 
them. Should the latter method be preferred, a trench or gallery is 
cut through the mass of each ravelin, and a sap is carried across the 
ditch of redout; the miner then, being secured against the effect 
of the enemy’s grenades by timbers placed in inclined positions leaning 
—_ the scarp of the redout, cuts lage “eheore scarp and forms 

bers for the tion of gunpowder, is being fired, a part of 
the rampart will be destroyed and a breach formed. . An assault is 
then made by troops, and the defenders being supposed to be driven 
out of the works, a battery may be raised along the gorge of each 
redout in order to compel them to quit the illes, ¢ ¢, in the main 
ditch. The redouts of the rayelins being taken (probably about the 
twenty-first night), the defenders will also be obliged to retire from 
the rear extremities of the latter works; and the besiegers occupying 
those extremities, their fire from thence commanding the interiors of 
the. redouts in the re-entering places of arms, these last must also be 
abandoned. 

The approaches towards the bastions may now be recommenced, as 
the fires fora the ravelins are no longer to be apprehended ; therefore 
a double sap is carried on from the curved trench in the third parallel 
directly along the ridge of the glacis, till it begins to be plunged into 
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Fat Se fom nes it then proceeds in a Serpentine direction 


its head arrives between the portions of the fourth parallel already | part 


formed. This parallel is then com , and under the protection of 
the fire from the troops stati in it, the counter and breaching 
batteries before the bastion are formed, By the former the fire from 
the guns in the flanks of the collateral is partly silenced, and 
by the ted. 
T the 

ditch are then may be made up the breach of 
the bastion, similar to which had been made up breaches of the 
ravelins; the defenders being repelled, a lodgment may be formed, 
and unless the bastion is strongly retrenched, it may be expected that 
the place will now be surrendered. It is estimated that the assault of 
the bastion may take place about the twenty-sixth ight from the time 
of opening the trenches; but a good retrenchment [Reraencument} 
in a bestion may enable the defenders to hold out ten or twelve days 


fortress is said to be countermined when subterranean galleries 
are formed under the ramparts of the bastions and rayelins; under the 
covered-way, and under.the ground at the foot of the glacis, with 
leries of communication from one of these to another. And_as the 
lenders can form chambers and place powder in or near any con- 
venient parts of these galleries to destroy the works of the besiegers 
above-ground, the besiegers find themselves under the necessity of 
sinking shafts and forming galleries for the purpose of finding out and 
destroying those of the defenders, or of blowing up any of their ad- 
vanced works. [Muxes, Mirrrary.)}| 

A siege conducted according to the rules of art will be attended 
with comparatively small loss to the besiegers or besieged, the troops 
of both parties being but little to each other’s fire except at 
the times when the assaults are e on the ravelins or bastions. And 
if circumstances, such as the prospect of the place being relieved, did 
not compel the besiegers to expedite the surrender, the assaults by 
main force might be avoided ; for after a breach has been formed, and 
the ts of the place have been in a great measure ruined by the 
i of the besiegers, a sapper might be sent across the ditch by 
night with instructions to commence a trench under cover of one ex- 
tremity of the broken wall; then, if he succeed in getting cover for 
himself, others may follow, and gradually there may be formed on the 
breach a lodgment sufficiently large to contain troops, whose fire would 
protect the succeeding operations : it being understood that a firing 
party in the batteries on the glacis force the defenders to retire as 
often as they endeavour to disturb the sappers while at work. 

The want of time and means to carry on the approaches as far as 
the covered-ways was the cause of sik geal hae weer in getting 
possession of the fortresses garrisoned by the French in Spain during 
the Peninsular war. The breaches in the walls of Badajos (1812) were 
made by guns in batteries at the distance of 500 yards; and when the 
assailing troops had descended into the ditch, being ignorant of the 
positions of the breaches, and confused by the darkness of the night, 
which was relieved only by the appalling and destructive blaze of live 
shells and other combustibles thrown upon them from the parapets, 
they took a wrong direction, or remained patiently to be slaughtered 
till the order was given to retire. The effort would have entirely 
failed, but for the success of Major-General Picton in escalading the 
walls of the castle, and of General Walker in escalading the bastion of 
8. Vincente. 

SIGHT (vision, the faculty of seeing). The structure and uses of 
the several component parts which enter into the formation of the 
organ of vision have been already described in the article Eyz, in Naz. 
Hist. Drv, We have now to inquire by what means the images of 
objects which are depicted on the retina become converted into ideas 
of the objects themselves; of their proximity and distance; of their 
solidity and size. In other words, is the interpretation of the sensa- 
tions of the retina a vital property of the structure itself, or is it in pipet 
derived from other sources? The following case, which is recorded by 
Cheselden, affords us important data on this head, A young man, who 
was born blind, was suddenly restored to sight by the operation of 
eouching. #‘ When he first saw,” observes Cheselden, “he was so far 
from making any judgment about distances, that he thought all objects 
whatever touched his eye (as he expressed it), as what he felt touched 
his skin. He knew not one thing from another, however different in 
shape and magnitude ; but 7 being told what things were whose 
form he before knew from feeling, he would carefully observe, that 
he might know them again. Two months after being couched, his 
attention seems to have been drawn to the effects of painting, which he 
then first and at oe yen ot i, a ve he was less 
surprised, expecting lthe pictures wo ee! e@ things they re- 

ted, and was amazed when he found those parts which by their 

t and Seah. pone round and uneven, felt only flat like the 
rest, and asked which was the lying sense, feeling or seeing? Being 
shown a small miniature of his father, and told what it was, he ac- 
knowledged a likeness, but was vastly surprised, asking how it could be 
that a large face could be expressed in so little room, saying it should 
have seemed as impossible to him as to put a bushel intoa pint. At 
first he could bear but very little light, and the things he saw he 
thought extremely large, but upon seeing things larger, those first seen 
he conceived less, neyer being able to imagine any lines beyond the 


bounds he saw. The room he was in, he said he knew to be but 
yet he could not conceive that the whole house 
From the details of this interesting 


iets. ¢ She indonmation which. Ss Sareea re Ones if itis 
ited to the mere perceptions images of objects, and conveys 
to us ideas relative to su sii cobua aay, ean ee 
estimation of the true ition, the mage, and solid forms of 
bodies must be due to sorhe other sense that of sight, or rather, 
to a comparison of some other sense with it; in short, to an act of our 
comparing and reasoning faculties, 

We have seen by the details of the above quoted case, that there is 
no essential resemblance between the ideas which are derived from 
vision and those communicated by touch ; and it is no doubt 
owing to this circumstance that we obtain a correct knowl of 


object in peas aed a ties its sigh 
its ing hours is em us 
ionch fies oaieees channels. That we do acquire important 
information respecting the size and forms of bodies through the sense 
Of touch there can be no doubt; that the knowledge obtained 
our visual organs would be imperfect without it, and that it may 
some amr vi be a corrective of those optical illusions which are so 
uent w! we attempt to judge of things t alone, is: 
probable; but in admitting is, we must nhs coin the oat 
powers of the eye and the quantity of knowledge which we i 
derive from it. From some facts we are about to notice, it w 
appear that much of the information which we derive from our visual 
organs only, has hitherto been attributed to extraneous sourees, Phy- 
siologists have been too much swayed by the opinion of Gassendu 
Haller, Gall, and others, that we see with only one eye at a time, 
those even who disputed this have been more anxious to explain esp. 
objects are seen single with both eyes than to inquire into the uses 0} 
common 


our two. 


defects, which are more or 


to all writers on optics, have been some years since remedied by some a 


very interesting observations of Professor Wheatstone on Binocular 
Vision. He has shown that the simultaneous affection of the two- 
retinee, provided the optic axes are not parallel, excites a different idea 
in the mind from that consequent on either of the single im: i 
the latter giving rise to a representation on a plane surface, 
to that of an object in relief. This is owing to a different perspective 
projection of the object being seen by each eye; thus, if any figure of 
three dimensions, an outline cube for example, is held at the distance 
of about seven inches before the eyes, and viewed with each eye suc- 
cessively while the head oaks 2 pepe 4 steady, a will hae? € 
presented to the right eye, B that seen by the left. Now if 
B A 


5 


these two pictures are made to fall 
retina, by placing them one in the 
ual distances 


perceive not merely a single representation of the object, but a 
i relier , the exact counterpart of that from which 


made, 
But a better method is 


le of 90°. The two pictures a and B are { 
same horizontal line, and parallel to each other at the of these 


nmee olkls wie Ae ee optic axes. 
ts) e original reflecting stereoscope 4 tstone, an 
instrument of the refracting form introduced by Sir David Brewster, 
and now so common, may be used in the experiment, When similar 


images, differing to a certain extent in magnitude, are presented, 


by 
means of the to corresponding of the two retin, a 
single object, interrnsdions fil Alar oolaneia 4 


two monocular pictures, 
is seen, Were it not for this, objects would be seen single when 
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converge forwards; that is to say, when the 
dnt am te tee es; for it ‘then that 
retin 


as painted on a flat surface. 
of these facts, it becomes easy to explain why the 


dt 
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ey yj 
are projected on the retine ; in the case of the solid object the pictures 
dissimilar; there is therefore an essential difference between the 


nook It is well known that 
we close one eye, and attempt to judge of with the eye that 
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movements of objects, produced by turning the body on its axis, are 
quite independent of any impressions on the retina, and their con- 
sideration is therefore foreign to the subject we are treating of. The 
apparent movement of objects after looking at those really moving, 
may arise from the successive disappearance of spectra left by the 
moving bodies. From the fact that artificial excitement of the retina, 
either by pressure, electricity, or any other cause, gives rise to the 
perception of colour as well as light, we infer that the retina is the seat 
of these sensations. The colour of luminous bodies depends upon the 
quality of the light they emit; the colour of bodies that are not 
luminous is due to the light which falls upon them, and is reflected by 
them towards our eyes. When a body absorbs all the rays of light 
which fall upon it, its colour is black; when it reflects them all, it is 
white; and when it absorbs some and reflects others, it is coloured. 
[Assorption.] The question has often been raised, why is it that 
we see objects erect, while their images on the retina are inverted ? 
According to most physiologists, it is by virtue of a certain property 
of the retina by which each point of an object is seen in the direction 
of a line perpendicular to its surface ; now since this surface is concave, 
the rays proceeding from an object which fall on the lower part of its 
nary | will incline upwards, while those which impinge on its upper 
part will incline downwards; and thus the object presented to the 
mind will be the reverse of that which is depicted on the retina. Many 
physiologists reject this theory, on the ground that it involves an im- 
possibility, since each point of the image is not formed by rays having 
one determinate direction, but by an entire cone of rays; they affirm 
moreover that vision can consist only in the perception of the state of 
the retina itself, and not of anything lying in front of it in the external 
world. They argue further, that no explanation of erect vision is 
required, as long as all things equally, and not some objects only, 


’ | appeared to the eye inverted; for nothing can be inverted where 


nothing is erect, each idea existing only in antithesis to the other. A 
question not less agitated than the one we have just discussed, is that 
of single vision with both eyes. We shall not inquire into the merits 
of the various theories that have been invented in order to account for 
this Spiga but shall merely advert to the principal conditions 
which are essential to single vision, in order that we may explain under 
what circumstances double vision results. 

If two fingers are held up before the eyes, one in front of the other, 
and vision is directed to the more distant, the nearer will appear double, 
while if the nearer one is regarded more particularly, so as to appear 
single, the more distant will be seen double, and one of the double 
i in each case will be found to belong to one eye, and the other 
to the other eye. This phenomenon has given rise to the hypothesis 
that there are certain corresponding or identical points on the two 
retin, and that when these are affected simultaneously, single vision 
results; while if the image of an object falls on parts which are not 
identical, it is seen double. A knowledge of these facts is obtained in 
the following manner :—If in a dark room with our eyes closed we 
make pressure with the finger upon any part of the ball of the eye, so 
as to affect the retina, a luminous circle will be seen in the field of 


en.| Vision at the opposite side to that on which the pressure is made. If 


we press on both eyes simultaneously, one luminous ring is seen when 
“ identical” parts are pressed on, and two rings when “ non-identical ” 
parts receive the pressure, By this means it has been ascertained that 
the upper and lower portions of the two retin are identical with each 
other, and that the outer lateral portion of one eye is identical with 


Nee 


the inner portion of the other, and so of the intermediate parts. Now 
whenever the axes of our eyes converge to an object, its image falls on 
corresponding portions of the two retine, and is seen single; when we 
regard it without making our optic axes meet in it, asin the experiment 
of holding up two srgee, non-identical parts of the retin are affected, 
and it is seen double. To illustrate this, let @ be a point towards 
which the axes of the eyes are directed, and } an object more distant 
from the eyes. An image of a will fall upon identical points of the 
two retine, namely, upon the central points 5, 5; a will consequently 
be seen single, The image of } will fall in the left eye at 6, and in the 
right eye at 4. The points 4 and 6 of the two eyes being non-identical 
(since the identical are marked with corresponding figures), } will 
be seen double; and the distance between the two images of 5}, in pro- 
portion to the extent of the whole field of vision, will be the same as 
that between 4 and 6, in comparison with the distance between 1 and 
10 in each retina. The centre of the retina furnishes the most distinct 
vision, therefore double images, which generally fall on the lateral 
parts, are indistinct. The position of double ae depends upon the 
point at which the axes of the eyes decussate ; if in front of the object, 
the left hand image belongs to the left eye, and the right hand image 
to the right eye; while if the axes converge to a point beyond it, the 
converse of this is prin A objects will not in genet Me seen 

ingle, unless their images on correspondi ortions of the two 
iets, is further confirmed by the jhahcoens ch are observed in. 
strabismus, and by the experiment of displacing the axis of one eye by 
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on it with the finger; but that exactly identical points of the 
retinw must be affected by similar points of the two images, is suffi- 


~7 
ciently refuted by Mr. Wheatstone’s discovery of different perspective 
projecti presented to each eye. Mr. Wheatstone has also 
shown that under some circumstances ee rete Ae cor- 
responding points of the retinw may appear double an ifferent 
places. If to one eye we present in the stereoscope a vertical line B, to 
the other eye a line inclined some degrees from the perpendicular, we 
A B 


shall see a line the extremities of which appear at different distances 
before the eyes. If now we draw a faint vertical line, intersecting the 
inclined line at its centre, as at a, and present the two drawings to the 
eyes as before; the two strong lines will still coincide, and the resultant 
perspective line will occupy the same place, while the faint line, 
though it occupies the same part of the retina as the vertical line B, 

pears in a different place, nmin pe the intersection of the planes of 
aaa direction of the two eyes. quadrupeds the relation between 
the identical and non-identical parts of the retine cannot be the same 
as in man, for the axes of their eyes generally diverge and cannot be 
made to meet in one point of an object. Miiller therefore supposes 
that there are parts of their retine which are identical, and parts which 
are not identical, which have no corresponding parts in the other eye, 
and the relation of the two retine to each other in the field of vision 


may be represented as below. Although the theory of corresponding | three 


Bh 
) e 
a 
points is the most perfect that has yet been offered in explanation of 
the phenomena of single and double vision, yet the facts which have 


been advanced against it by Mr. e are sufficient to show that 
it cannot be adopted without some limitation. Were it even not liable 
to these objections, it would still express the conditions required 
for single and double vision, and id leave unexplained the cause of 
two impressions giving rise to one sensation. 

There are several curious phenomena connected with the subject we 
are treating of, some of which we will iece of 


held one to 
Uh coe or inateoe, throtgh's thas aalle gamer aati is 
Mav news of & green colour, of rather of the WilllAs MORSE eOlA 
result from the strict mixture of the two colours, but in part blue and 
in yellow. Sometimes one colour predominates, sometimes 
other ; and if the experiment is long continued, the mingling of the 
to which there was at first no tendency, becomes more evident. 
Similar phenomena are observed when two dissimilar pictures are 
viewed in the stereoscope, and it does not appear to be in the power 
of the will to determine the appearance of either picture or either 
colour. These facts seem to show that the two eyes are not always 


the | medical man is seldom 


or 
is in a direct ratio with the impression which caused it. 

Spectra left by the images Orig or luminous objects are ordi- 
Sadismiitte xe uminous, and left by dark objects dark ; but if, 
ey are directed upon some white surface, 

reversed, 


more excitable condition. When the eye in this condition is directed 
towards a white surface, the luminous rays from this surface produce 
upon the excited parts of the retina a much more feeble impression 
than upon the unexcited, and the latter juently gag more 
illuminated. § are sometimes coloured, objects 
wes excited them are colourless ; hang babes case oy tb impressions 
on the retina are very intense, as when luced @ sun’s image. 
But the most curious phenomena relative to 
the impression of coloured objects on the retina; 
sequent on these, although coloured, are not of 
object, but the opposite or complementary colour, 
of a red object is green, that_of a green object red, that of a violet 
ellow, &c., There are two modes of pi sevagee: Loy phenomena, the 
Teast objectionable of which is the following, by Miiller: “ The 
perception of any one of the three simple colours consists merely in the 
retina being in one of those conditions to which it has a tendency when 
in a state of excitement; if this condition be artificially excited in an 
intense degree, the retina acquires an extreme tendency to that of the 
complementary colour, which consequently is perceived as the ocular 
an 

The disappearance of images which fall on the retina at the entrance 
of the optic nerve, the luminous circles seen on making pressure with 
the finger on the globe of the eye, and the vascular network which, 
under certain circumstances, we ive in our own retina, have 
already been alluded to and their causes explained in the article 
Eyer, in Nat. Hist. Drv. 

SIGHT, DEFECTS OF. Under this head will be comprehended 
short-sight, long-sight, double vision, and the defective perception of 
colours, or colour blindness. 

Myopia, or Near-sightedness (from piw, “1 shut,” and bs sk pre eye,” 
a short-sighted person being in the habit of winking, or shutting 
his eyelids when he endeayours to see objects distinctly), 

en the images of surrounding objects are it to a focus in 
the eye before they reach the retina, such an eye is myopic; when, on 
the con , their foci would fall behind the retina, it is 
Individuals thus affected see all objects indistinctly that are 
the ordi distance of distinct vision; therefore, to remedy this 
defect, they bring them within such a distance of the eye as will ensure 
their images being brought to an exact foct’s upon the retina, 
Lore of — es 21 at distance from the eye at which 
objects are perceived most clearly) of a perfect eye averages from 15 
to 20 inches: an eye which cannot discern ee i 
10 inches may be considered myopic ; but persons affected with a 
degree of myopia have their point of distinct vision as near as two or 
inches, or even one inch, : 
all objects ap) i prefer to read a small type, and see 
better through a pin-hole in a card than with the naked eye: on the 
same principle, when they endeavour to see any distant object dis- 
tinetly, they almost close their eyelids. The explanation of 
phenomena is to be sought for in the condition of the eyes themselves; 
peck ai th deserve okey diminishing the aperture 
conyex, eir ; 
thro’ h which the Hokt is atoitved, all yut_ the more direct rays are 
excluded, and the images on the retina will be more defined. 

The cause of myopia is an over-refractive condition of the eye; either 
the cornea or the crystalline lens is too convex, or the humours of the 
eye generally are too dense or too abundant. 

Treatment.—Although it is said that short-sightedness rarely comes’ 
on before puberty, our own observations lead us to believe that it is 
more barn & a congenital defect than is 

an 


& 


abstaining entirely for a time from such occu 

from the use of convex glasses, and employing the eyes chiefly u 
large and distant objects. But this defect is one that is so little 
thought of, and is so easily remedied by the use of glasses, that a 
called its cure : 
with this 


vision of msghed vaong voaghinies eerste aclivecsearcie Caycai 
on of n ’ a divergence ray 
light before they enter the thus counteracting the over-refractive 
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condition of that organ. The glasses that are most commonly used 
are double concayes, of equal concavity on each side; they are num- 
bered 1, 2, 3, 4, &c., beginning with the longest focus or shallowest 

ity. Unfortunately there is no uniform standard adopted in the 
manufacture of these glasses, so that what one optician calls No. 1, 
another rates as No. 2, and so on; it is therefore advisable that those 
a series of them 


i jects clearly across the street ; if 
it diminishes them much, or gives them a va a appearanice, or if 
the eyes feel strained after looking through them for a short time, 
they are too concave. Spectacles are always preferable to a single eye- 
glass ; and when the individual has met with a pair which suit him, 
es uuld not be heedlessly changed for any of deeper concavity. It 
is advjsable not to wear them constantly, but only on occasions 


Presbyopia, or Far-sightedness (from xpéaBus, “old,” and &y, “ eye ;” 
this being a a dosh. Wo Whickl: GAA sage bu: shincade taarahy 


axis is shorter than is natural ; 


they enter his eye, Far-sightedness is sometimes met with in 
young ; cs lehrcst se bach a rape pegs sheiha e aelveiing 
coming presbyopic: indeed the ing e eyeballs, the i 
of the corneze, and the smallness of the pupils, all which contribute to 
this effect, are among the series of changes which every part of our 
body undergoes as we advance in age. The time of life at which pres- 
shows itself is generally about forty-five; but there are 
great differences in this respect, some persons requiring the use of 


is 
ig near objects, distant ones continue to be 


after it has once ap, , generally goes on increasing, 

ete vobches to chaos bis ghamne trons 

time to time for those of a higher power: instances, however, are 
accustomed 


recorded of old persons long to the use of convex glasses 
recovering their former si estoy Staal adhe dae irra 
Treatment.—The same pri we have laid down for the 


treatment of myopia, and for the use of concave glasses, are applicable, 
ee ere condition of the eye, to the present 
i glasses should not be had recourse to too soon, nor 
ee eee ee, Sk eee ioe lowest that answers the 
is to be chosen. When presbyopia occurs suddenly, and in an 

much below the age at which it ordinarily occurs, there is 

some mischief to be suspected either in the eye or in the brain, which 


duplicatus, or Diplopia, may arise either from 
in the movements or position of the two 


the eyes which results from paral 
. If one muscle only is affected, the eye will move 


‘ are 
unfrequently the case, then the;movements of the 
veal be i the paral: ee 
arise 


to 
dent upon disease about the base-of the brain, as some tumour pressing 
may an ry condition 


e will be still more 
the axis of the 


y 
oy i oepaningptepicetber) om: ect hens Whichever of these 
cause, our treatment must be directed to remove it, while 
the state of the eye will be an index of the success or failure of the 
remedies we make use of. 

Double vision with a single eye is a more rare affection than the one 
just described, and depends upon some irregular refraction of the 
cornea or lens, 

M. Prévost, who published an account of his own case in the ‘ An- 
nales de Chimie et de Ph sique, 1832, thought it might arise from a 
Gallers, bruied; ob pantial fattening of the lens, or separation of its 
lamine, Professor Airy and Mr, Babbage are troubled with this 
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with the defective as wi! 


one. These affections | blind 


defect, the latter gentleman with both eyes, but he is able to remedy 
it by looking through a small hole in a card, or through a concave lens. 
Professor Airy finds that his eye refracts the rays to a nearer focus in 
the vertical than in the horizontal plane, and he has ingeniously con- 
trived to remedy it by the use of a double concave lens, one surface of 
which is spherical and the other cylindrical. The spherical surface is 
to correct the general defect of a too convex cornea; the cylindrical 
is to converge or diverge those rays at right angles to the axis, while 
the parallelism of those which impinge upon it in the plane of its axis 
is unaffected. Thus the focus of the spherical surface will remain 
unaltered in one plane, but in the other it will be changed to that of a 
lens formed by it and a spherical surface of equal curvature with the 
cylinder. With the aid of a glass of this description Professor Airy 
could read the smallest print at a considerable distance equally well 

th the sound eye. He found that vision was 
most distinct when the glass was pretty close to the eye and the 
cylindrical surface turned from it. “With these precautions,” he . 
observes, “‘I find that the eye which I once feared would become 
> useless, can be used in almost every respect as well as the 

er.” 

Colour Blindness ; Dichromism ; Chromatopseudopsis ; Defect of the 
Sense of Colour ; Daltonism.—There are some persons who, although 
they can see the size and form of objects perfectly well, have neverthe- 
less a deficient power of distinguishing colour. Many distinguished 
individuals have been subject to this: such as Dugald Stewart, M. 
Sismondi, and John ton, the celebrated chemist. The subject 
first excited general attention by the latter distinguished individual 
having reported his own case, and the deficiency was hence called 
Daltonism. This subject was investigated by the late Dr. George 
Wilson, of Edinburgh, who has written a work on ‘ Colour Blindness’ 
(1855), which contains by far the fullest account of this defect which 
exists. Dr. Wilson divides the colour-blind into three classes. 1. 
searing hee discern any colour properly so-called, so that black and 
white, is, light and shade, are the only variations of tint perceived. 
2. Inability to discriminate between the nicer shades of the more com- 
posite colours, such as browns, grays, and neutral tints. 3. Inability 
to distinguish between the primary colours—red, blue, and yellow; or 
between those and the secondary colours, such as green, purple, orange, 
brown. The last variety is the most common. In all these cases it 
would appear that the primary defect is the inability to distinguish the 
red colour, and the influence it exerts on the other colours of the 
eo Dr. Wilson bas narrated a large number of cases,and shown 

this d ent of vision is much more common than has 
hitherto been supposed. He calculates from his own observations that 
at least one person in fifty is thus affected. Dr. Wilson has shown 
that it becomes very important to know where this defect exists, as it 
incapacitates pemeae occupations where the appreciation of colour is 
important. He specially shown that, in cases of engine-drivers 
on aif Diy sailors at sea, who are warned of danger by coloured 
signals, this condition may lead to serious disasters, 

The cause of this phenomenon has occasioned much discussion. 
Dalton attributed it to the condition of. the humours of the eye; 
but a careful examination of his eyes after death, by Mr. Ransome, 
revealed nothing to account for the defect. It has been sup) by 
others that the defect is connected with the organisation of the brain. 
Recently Professor Clark Maxwell, of Cambridge, who has written a 

‘On the Com Theory of Colours, in the ‘ Philosophical 

ions’ for 1860, explaining his views, has proposed another 

theory, which has been generally accepted. He has shown that the 
three primitive colours are not, as usually regarded, red, yellow, and 
blue, but red, green, and blue, as pointed out by Young. He has also 
adopted Young’s theory that there is a distinct retinal structure for 
the perception of each colour, and shown how the remarkable defect 
of appreciation of the red rays occurs in the colour-blind, Professor 
Maxwell has also suggested the only means of alleviating this defect 
which has hitherto been recommended, and that is the wearing of 
spectacles composed of red and green glass simultaneously. A spectacle 
frame of the usual kind is constructed with one glass red, the other 
green, so that the right eye, for example, of the wearer of the spectacles 
ooks always through red and the left always through green. Through 
the red glass red objects appear brighter than green ones, through the 
green glass green objects appear brighter than red ones, so that a coloui= 
i between red and green has only to determine 
whether the doubtful colour appears brighter to the right or the left 

e, and to set it down as the colour of the glass which brightens it, 
(See Maxwell ‘On Colour as perceived by the Eye, with remarks on 
Colour-Blindness,’ ‘ Trans. Roy. Soc, Edin.,’ 1854-5, vol. xxi. part ii.) 

SIGN (Astronomy), a constellation; but in modern times a con- 
stellation of the Zoprac only. For the distinction of the sidereal and 
astronomical zodiac, see PRECESSION, , 

SIGN (Mathematics). Every symbol is a sign of something or other, 
the original meaning of the word applying to any mark of distinction 
or designation, The general consideration of the subject of signs 
comes under the word SymBor; for this term, sign, is exclusively 
applied in mathematical analysis to the signs of addition and sub- 
traction (+ and —), A positive quantity, as +3, is said to have the 
positive sign; a negative quantity, as —3, the negative sign. 

The theory of these seks is the peculiar feature of ALGEBRA, as_ 
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distinguished from arithmetic; and it is difficult to place it on an 
satisfactory basis except that of distinct definitions not wholly deriv 
from arithmetic, On this point, however, it is not our present 

to enter further ; the ap ee of this article being the —— of the 
signs, and in particular thosd details of interpretation which are neces- 
sary in the application of orditiary algebra-to geometry. = ordinary 
algebra we mean that system in which the tive negative 
quantities are fully capable of interpretation, but in which /—1 is 
considered as incapable of interpretation. 

The relative meaning of + and — is direct opposition of properties; 
and it is only where direct opposition is possible that complete inter- 

tion can exist. The symbol +7 means not only 7 units of its 
i an Nea ot SS inc epochs sha 06 COG, 
only possible) lights, or used in a specific one of two ) 
want ho the first generally implying the second. Thus let i inches 
be measured from a given point; the su i of + or — tells 
nothing, for the measurement may be made in an infinite number of 
different directions. Choose one of these directions, or rather one line 
of direction, and the indeterminate character of the proposal (to 
measure seven inches from the given point) is almost gone: there are 
but two directions in which to do it; if one of them (no matter which) 
be signified by +7, the other (no matter which, except with reference 
to the first) must be denoted by —7. 

A problem may present different sets of oppositions of very different 
kinds. Thus we might have a problem in which there are concerned 
together—1, time before or time after a certain epoch; 2, height above 
or height below a certain level ; 3, the debtor or creditor side of certain 
books. To give a more precise idea (it is hardly worth while to frame 
a specific problem), a man might engage to build a wall on different 


terms as to the foundation what is above the ground; for which 
he might have to borrow money and pay interest up to a certain time, 
when by receiving the whole amount due to him he might repay and 


invest besides; and the whole transaction might have to be properly 
entered in his books. The young student it Bu) that if +1 
and —1 it a foot of the wall above and a foot below the ground, 
it will not necessarily follow that + 1 and — 1 (undistinguishable from 
the former) will do to represent one pound of interest due to and from 
the contractor; and still less that the same + 1 and —1 will also do 
to direct 1/. to be carried to the debtor or creditor side of his books. 
But what he will learn from a properly established algebra (and until 
he has learnt it, he is not in possession of any part of the difference 
between algebra and arithmetic) is this—that he would gain absolutely 
nothing by arty | such distinctive symbols as would remove his 
doubt of their applicability. Let (+)1 and (—)1 represent feet of 
wall, {+]1 and [—]1 pounds sterling of interest, { + } 1 and {—}1 
pounds sterling carried to one side or the other of the books; while 
+ land — 1 represent simple addition or subtraction. Let the problem 
be fairly translated into braical , and an equation formed 
in which all the distinctive symbols are seen: algebra teaches that the 
rules to be applied to that equation differ in no whatever from 
those which would haye been applicable if all the signs had come from 
the same source of meaning. Perhaps it would be better if the student 
were not allowed to come so easily by this result as he usually does, 
but should be made to learn by his trouble how unnecessary the dis- 
tinctions really are, as to operations, and allowed in due time.to feel 
the relief afforded by dropping them. 

When a problem admits of but one opposition (Say it simply refers 
to time measured future or past from a given ), there is no diffi- 
culty about the interpretation of any result. If this result be positive, 
it must be such time as was called positive when the operation was put 
into shape ; and the contrary. But in the application to geometry, an 
extension of the interpretation of signs ena us to remove some 
pment in the proper expression of angles, which we proceed to 
describe. 

In the rectilinear figures considered by Euclid the sum of the 
external angles is always equal to four right angles. In these figures 
there are no re-entering angles, [Satient.] The p tion remains 
true when there are re-entering angles, provided that the angles which 
then take the place of what were called external angles be counted as 
negative. _In algebraic geometry it is usual to refer all points and lines 
to two straight lines at right es to one another. [Azscissa; 
Co-onpiates.] The following conventions must now be employed :— 

1. Let vx and wy be the axes of co-ordinates, meeting at 0, the 
origin. Let ox and o y be positive directions: ov and ow, negative 


2. A line drawn from 0 to any Peas P chy ost petal sorte a 
neither positive nor negative; either sign may be given to or, but the 
contrary one must be given to 0Q. 

3. The line or may, keeping its sign, revolye round 0; nor, if 
tive, is it to be counted positive when it comes into re 
cidence with o x; nor, if positive, is it to be counted en in 
coincidence with ov, And generally, a straight line revol round 
any point does not take the signs of lines which receive on 
account of the fixed directions in which they are drawn. 

4. The angle made by two lines a and 8B is to have a distinction of 
sign drawn, ing as it is called the angle made by a with B, or 
the angle made by B with a (the angles made by a from 
from 4, would be better). If the angle of « with B (say a*B) be posi- 


B, and by 3 | than the first, 


teu them the angle unde by. Biwi + (nh) negulive) SE 


~ 


5. The positive direction of revolution is that in which a line moves 
from the positive part of the axis of x to the positive part of the axis 
of y (as marked by the arrows), ‘ 

6, The sign of any line drawn through p is thus determined. Ifopr — 
be pottine, “hat Slemetion is A Oe eee ee 
80 as to revolve positively ; thus, oP being ive, PK is positive 
PL negative, But if op be negative, the reverse is the case; but the 
rules need only be remembered which suppose 0 P positive. 

7, When an angle amounts to more than four right angles, the four 


righ 
t angles thrown a i and geneeally, four ht angles, 
phage Erg pre reg Op 0 Gr aabieneted deme aa 


the angles made by two lines passing 
itive paella oA those lines dou nn 


8. In measu 
being positive), 
must be used; and 


9, Hence it follows that a*n is either equal to a*x—b*x, or differs 
from it by four right angles, x standing for the axis of «, 

10, Hence also it follows that in every closed figure, whether such 
as those admitted by Euclid or not, some of the angles are negative, if 
every angle a*B be interpreted as a°x—B°x. And in every such 
measurement, the sum of all the angles, with their signs, is 
paul fo nothing, rte seen tet age the 
is nothing, or a multiple of four ri angles positive or negative, 
This suiblcuity: 18 wholly indifferent ip wigonaeseriodl operations. — 

_ To prove the last, let us consider a four-sided figure, of which the 
sides are A, B, 0, D, The angles of the figure, taken in order, are A°B, 
B*C, O°D, D’a, which, measured as in 9, are A*X—-B*X, B*X-- 0X, *0*x— 
p*x, D*x—a*x, the sum of which is obyiously nothing. But if any one 
of these angles should differ from the ing, it ean be only by a 
oe Sr CGN SORE: HODES e sum must be a multiple of 
our es, ; 

Fra al pay Sake.00. a onsale, tae Hineh a 
estimating them first by each side wi re spce 4 next, and 


= 


rh and the positive and 
_In a4B, the amount of positive revolution by which the 


A*B=0—(4+0—y)=y—7 
B°C=1+0—y—(2r—a+0—y)=a—7 
O-M= (29—-a+0—y)—0 =Btr. 
Only the third angle gives the same in both; in the other 
two, the second determination gives in each case four right angles leas’ 
The sum of the three angles is now 0. ; 
The use of this system lies in enabling us to give in a general form 
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propositions which would otherwise require a large examination of 
particular cases. This examination is not usually made in elementary 
works; but instead of it, the true result, derived from the superior 
knowledge of the writer, is made to the reader the consequence of a 

case. In the consideration of curves, for instance, there are 


to be considered, at the same time, the co-ordinates, the radius 
vector, the the on it, and the radius of curva- 
ture. The of which arise out of these lines are very 
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ofa debt. It is used as a warrant for letters-patent before they pass 
por sipebery The privy seal consists of the arms of the sovereign. 
3, signet, or privy signet, which is in the custody of the principal 
secretaries of state. Except that it authenticates the sign manual, this 
seal seems to have no validity, although it is alleged to be sufficient to 
give validity to the writ ne exeat regno, whereby a subject is prohibited 
from going out of the realm. For the use of all the seals the counter- 
signature of a principal secretary of state is required by statute, 


SILE/NUS (SeAnvés), & Greek deity. The traditions of his birth 
are Various ; he is said to be the son of Pan and of a nymph; of Gea; 
and to have from the blood of Uranus. He was the instructor 
and constant associate of Dionysos ; was a lawgiver and prophet, some- 
times confounded with eer himsélf; of the family of Satyrs, 
whom he resembled very much in appearance and habits. He is repre- 
sented as an old unwieldy man, bald, with a beard, and depressed nose, 
sometimes with a tail; at times holding the infant Bacchus in his arms; 
sitting astride a wine-skin, or carrying one on his shoulders, He has a 

ous place in the Dionysian processions, and occurs in various 
combination with fauns and nymphs; sometimes he rides on an ass 
reeling and supported by a satyr; and sometimes he is carried by youth- 
ful satyrs. Though endowed with supernatural wisdom, he is of a 
jovial disposition ; his whole character is a mixture of jest and earnest ; 
he is harmless, sportive, fond of children ; addicted.to wine; is said to 
have conducted Dionysos from Thrace to Phrygia; and to have been 
ensnared by Midas in a garden, and compelled to exert his marvellous 
power of speech. His discourse, always ironical, was of the second’ 
world, of the land of Meropis, and of its strange men, beasts, and 
plants, of the origin of and birth of the gods, and ‘he showed 
the miserable condition of this present life. The ass by which he is 
accompanied has given rise to many conjectures; the Dionysian myths 
and those of A) speak of this animal as sacred to both deities, It 
may therefore i as the link uniting the two worships; and 
we find accordingly Apollo called the son of Silenus. (Porphyry, ‘ Vit. 
Pythag.,’ p. 10, ed. Rome, 1630.) Attempts have been made by Bochart 
and others to connect Silenus with the name Shiloh in Scripture, and 
his ass with that of Balaam. Other imaginary resemblances are noticed 
by Creuzer (‘Symbolik’), founded on the theory that the ass is the 
symbol of ecy in the East. 

The distinction between Sileni and Satyrs appears to be that the 
Sileni are the older of the two. The terms were certainly not-co- 
extensive ; that of Satyr may be considered as the genus; but they are 

ted much in the same manner. See, for representations of 

ilenus, Creuzer’s ‘ Symbolik,’ Griiber's ‘ Wérterbuch der Mythologie,’ 

and Miiller’s ‘Denkmiiler der Alten Kunst’ (Nos, 494-522); Millin’s 

‘ Galérie Mythologique, and the various works on gems, sculpture, 
vases, and other monuments of classical antiquity. 

SILEX. [Smtcoy.] 

SILHOUETTE, a name applied to the black profile portraits, com- 
monly known simply as profiles or shades. The latter name indicates 
the origin of this simple class of pictorial representations, they having 
been probably suggested by the shadow thrown upon a wall. The 
name silhouette has been said to be derived from Etienne de Silhouette, 
French minister of finance in 1759. It appears that several parsi- 
moni fashi introduced during his administration, in order, b 

ere my, to remedy the evils of a war that had just eenaitinted, 
were called, after this minister, @ la Silhouette, and that the name has 
continued to be applied to one of them—the use of profiles in shade. 

Silhouettes are executed in various ways. One of the simplest is 
that of tracing the outlines of a shadow thrown on a sheet of paper, and 
then reducing them to the required size, either by the eye or by means 
of a pantograph. [PantocrarH.] The camera-obscura and camera- 
lucida are also occasionally used for the pop. A more certain 
mode of obtaining an accurate outline is e use of the machine 
invented for the purpose by Mr. Schmalcalder, and patented by him 
in 1806. The principle of this machine is very simple, and may be 
readily understood the aid of the annexed diagram. a 4 is 
an inflexible rod, riaiatey about nine or ten feet long, supported by a 
ball-and-socket joint at ¢, in such 2 manner as to leave the ends free to 


a fine point, is attached to the rod, so as to form a continuation of it ; 
while at the te end, }, a steel point is similarly fixed. per- 
whose is required is seated, in the position indicated in the 


sit ag f while the operator gently passes the six 
‘came, 4 gang features. By the intervention of the universal join 
(or of a double-swivel joint) at c, a perfectly similar motion is commu- 


q 
be 

| 
“| 
5 


the centre, as indicated 
fore, in order to a the paper always in contact with it, it is fixed on 
a swinging board, pivoted at d, and constantly pressed against the steel 
point by means of a weight or spring, with a sufficient degree of force 
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to make it act efficiently. The steel point does not come into imme- 
diate contact with the white paper: but with a piece of blacked 
placed over it, the pressure 0! point transferring a sufficient quan- 
tity of the colour to form a distinct line. This part of the operation 
resembles that of a manifold writer ; and, as in that instrument, several 


copies may be uced simultaneously, by using a number of pieces 
of white and blacked , laid alternately upon the swinging board. 
The size of the red outline drawn on the 


be ee 
ing the relative pro; = | several other 


by varyi 
adjastneata being eff by apparatus which it is unnecessary here 
to detail. Se aieertd ately oas, held in the hand of the operator, 
the swinging board d may be drawn back from the steel point when it 
is veqeleud to snore tho 700 without making ones Seuues Bete 
Greater acouracy may be attained by substituting for the tracer a thi 
wien, Mabey Meenas tea bow, and mijeste’ ne Se eee ea 
fectly with the axis of the rod. In some cases a kind of e is 
substituted for the steel point at 6, and the profile is thus cut out of a 
piece of thin black paper placed on the swinging board. Some profilists 
display considerable t in cutting silhouettes by hand, with a pai 
of scissors, out of pieces of black paper, without assistance of an 
tline. 
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SILICIUM. soe 
SILICOFLUORIC ACID. [Stxtcoy.] 
SILICON (Si). Silicium. ith the exception of oxygen, silicon is 


the most abundant constituent of our earth’s crust. Its name is 
derived from silex, Latin for “ flint,” of which the essential component 
is silicon, The element silicon has great affinities for other elements, 
and hence does not exist, in nature, in the free state. Its common, 
and ly sole, native form of combination is an oxide known as 
silex or silica. Rock and white quartz are nearly pure varieties 
of silica; while calcedony, agate, opal, flint, and sand are chiefly silica. 
The natural compounds of silica with oxides are almost innumerable. 
The individuality of siliceous minerals was recognised at a very early 
period, but their constitution was not demonstrated till the commence- 
ment of the present century. 

Silicon itself was first isolated only so lately as 1823. It may be 
prepared by reducing an alkaline silico-fluoride with potassium, in a 
glass or iron tube, at a high temperature. It may also be obtained by 
passing chloride of silicon vapour over potassium heated in a bulbed 

tube. 

Silicon, like Carsoy and Boron, exists in three distinct modifica- 
tions. As above prepared, it is a dull-brown powder; insoluble in, 
and heavier than, water; is a non-conductor of electricity, is soluble 
in hydrofluoric acid, and in a warm solution of potash ; burns readily 
and brilliantly when heated in the air; and is moreover amorphous 
‘(Siy). If the amorphous silicon be strongly heated it becomes semi- 
crystalline or graphitoidal (Si8); is denser and darker in colour; does 
not burn in oxygen : is not soluble in hydrofluoric acid ; and is a con- 
ductor of electricity. Crystalline silicon (Sia) occurs in the form of 
six-sided prisms or pyramids, whenever the process for its prepara- 
tion has included the application of the most intense heat of a wind 
furnace. 

The equivalent of silicon has, in turn, been represented as 7, 14, 21, 
and 28; but since the wo teomaped of Marignac, who proved that the 
fluo-stannates and fluo-silicates are isomorphous, it has been usual to 
consider the number 14 as the true equivalent of silicon. 

Silicon and oxygen form two compounds :— 


1. Hydrated protoxide of silicon . 
2, Silicie acid . . . . . 


. 2HO, 38i0 
Si0, 


1. Hydrated protoxide of silicon (2HO, 3Si0).—When dry hydro- 
chloric acid gas is passed over ¢ ised silicon, heated to incipient 
redness, h: hlorate of protochloride of silicon (2HC1, 3SiCl) is pro- 
duced, and may be condensed to the liquid state in a U-tube cooled by 
ice ; hydrogen passes off carrying vapour of protochloride with it; the 
gas being allowed to bubble through water the chloride is decom- 
posed, and a voluminous white precipitate of the oxide under con- 
sideration is formed :— 


2HCl, 3SiCl + 5HO = 2HO, 38i0 + SHCl. 


Hydrated xide of silicon sinks in water but floats on ether; 

the caustic al and their carbonates dissolve it with evolution of 
hydrogen and formation of silicate; it may be heated to 570° Fahr., 
without undergoing alteration, but at a higher temperature burns; and 
in contact with water und oxidation, hydrogen being evolved, at 
any temperature above 32° Fahr. 
2. Silicie acid (SiO), Silex, Silica, Binoxide of silicon.—The physical 
and properties of the many different forms of silica that 
occur in nature, as well as a list of the minerals in which silica is a 
characteristic constituent, have already been treated of in the NaturaL 
History Division of this Cyclopedia, article Sritca. 

Silicic acid is largel po 
and For these purposes it is obtained in a fine state of 
di by igniting flints or colourless quartz to redness, and then 
plunging in cold water, The compact silica is thus split up into a 


paper | silicic acid may be obtained by igniting 
0) 


in the manufacture of glass, chinaware, | 


liquid ; fumes in the air, and has an irritating odour. 


friable mass, easily reducible to powder by grinding. Perfectly pure 


Hydrates of silicic acid («HO,SiO,).—Finely powdered silica is 
soluble in strong alkaline solutions if eee a A under ; 
from the resulting solutions hydrated silica is precipitated 
gelatinous state on neutralising by hydrochloric acid. The alkaline 
silicate may also be formed by fusing powdered flint, &c., with the ~ 
pam a pote or soda; if excess of the latter be used, 

le in water, and the solution furnishes hydrated 
acid on the addition of hydrochloric acid. Perfectly pure h 
silica is formed in a very beautiful manner on passing 
of silicon into water, each bubble of forming a little balloon of 
silica ; hydrofluosilicic acid (HF, SiF,) is also formed at the same time, , 
and remains dissolved in the water :— | 


SSiF, + 4HO = 2H0,8i0, + Q(HF,SiF,) a. 


Hydrated Hydrofiuosilicic p | 
silicic acid, acid, ; 
Tsomeriec conditions of silica.—Professor Rose has directed 
attention to the two different states in which silica exists, 
silica~-including rock-crystal, quartz, cal , flint, sandstone, 
quartzose sand—has a specific vity, of it 2°9, and is only 
attacked with difficulty by poe iy or hydrofluoric acid. & 
silica, on the other hand,—including gelatinous silica, the pulverulent: 
variety that results from the decomposition of certain minerals, or of 
fluoride of silicon by water, opals, melted quartz, and silica from the 
earapaces of infusoria—is very readily soluble in alkaline solutions, is 
a acted upon by hydrofluoric acid, and has a specific gravity 
of 2°2. 
Silicates, as a 


Fa easy, 3 the application of the alkaline silicate by a wash of 
chloride of calcium; silicate of lime is hereby at once produced, and 

Mn a far more 
felspar, serpentine, mica, zeolites, hornblende, and many other minerals, 
consist of, or contain, silicates of lime, or magnesia, or alumina, or a 
mixture of those silicates. They are either sesquisilicates like meer- 
schaum (2MgO, 3Si0, + 2HO), or neutral silicates, like Wollastonite 
(CaO, oe te or dibasic silicates, like olivine (2(Mg, Fe)O, SiO,); or 
bisilicates (MO, 2Si0,). [Stctca, in Nat. Hist. Dry.] 


Silicon and hydrogen form a hydride of silicon. Berzelius first 1 
thah the hydanees vitdk ta erotrod eien-erone ates beeen 


water, contains a hydride of silicon. This gas has not yet been 
cured in a pure state, but, according to Wéhler aud Buf, i i onlowtions 
and spontaneously inflammable. It occurs in the latter-condition when 
a solution of a chloride is electrotised by a weak voltaic battery of which 
get os le is aluminium contaminated with silicon. 

itride of silicon is a bluish, fibrous-looking body, formed when 
silicon is heated in mar 9 gas. 

Sulphide of silicon (SiS,).—Silicon burns in sulphur vapour, gene- 
rating bisulphide. The same body may be formed on passing bisulphide 
of carbon over a heated mixture of carbon and silica. It is-a white, 
earthy-looking powder. 

Bromide of silicon may be obtained, but iodide does not seem to 
exist. | 

oyu and chlorine form two compounds corresponding to the two 
oxides, 

1. Hydrochlorate of protochloride of silicon (2HC1,3SiCl),—The 
method of preparing this b has Seonty a deotsibed fa con- 
nection ee of silicon, It is a colourless liquid, refracting — 
light po ly; emits suffocating fumes on to air; is 
ry eis burning with a pale green flame; and is decomposed at a 


eat, 
2. Chloride of silicon (SiCcl,), or rather, bichloride of silicon.— 


Finely powdered silica is le into a dough-like mass with lamp- 
black and oil, and heated to redness in a covered crucible; a porcelain 
tube filled with ents of the resulting mass is ignited and 
a current of dry chlorine passed ‘through it; the ig decom- 
position occurs :— 

80, + Cl, + CG, = 2(60) + Bicl, 

—_— 

Silica, 


—_— — —_—— ——— 
Chlorine, Carbon, Carbonic Bichloride of 
oxide, silicon, 


The chloride of silicon vapour must be condensed by the aid of a | 
freezing mixture, for it is very volatile. It is a transparent, colourless 
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Chlorosulphides of silicon (SiS,,2Si d (2SiS,, SiCl,) be 
formed by the aio edits pre Men Bins see Sra 


“jersey a mee = 

i ili i or fluosilicie acid, and silicofluoric or 

Pita tear f acid (HF, Si.) have been described under Frromece, 
of silicon.—The presence of this element in such a 


of bei 


ignition insoluble in all acids, except hydrofluoric, but soluble in fused 


silicon.—This is always performed in the state of 
recently dried and anhydrous silica, which contains 46°7 per cent of 


ACTURE. This subject naturally divides itself 
into, four parts :—The rearing of the insect which yields the ailk; the 
fhe ation of the filament in a state fitted for the manufacturer, 
arrumamning and weaving into textile fabrics; “and the — 
arrangements arising out o: manufacture. Such portions of the 
treated here as have not cg noticed in the 
i references su 
Rearing silk-worms.—Silk is uced a small insect, in the manner 
Pr . 4 China was undoubtedly the 
which men first availed themselves of the labours o} the 
Macedonian Greeks desi hed which the silk that 

i ich produced 

ores China. The author of the ‘ Periplus 


used in Western Asia before it was known to the Greeks ; and 
the Greeks long before they knew whence 
uced. 


opolised the caput yf, erytns in. Phomici, The Persians 
monopolised the supp! of the raw material, and guarded their trade 
Tih #0 much jealousy, both by land and sea, that travellers from nea° 
China were not allowed to traverse the Persian dominions; and in the 
time of Justinian, in consequence of some interference wi the trade, 
they had entirely stopped the im: ion of silk. The trade in silk 
was in this i state, when two Nestorian monks of Persia, 
who had travelled to » acquainted Justinian with the mode of 
producing silk, and undertook to return and bring back with theo 
some of the of the silk-worm. ras, ware Perfectly successful 
in their ion ; for a quantity of eggs, secured in a hollow 
were safety to Constantinople: hatchet be 


art 
lee 
le 
: 
l 
i 


times in 
uuction of raw silk is fast ing in British and the 
been for some years gradually iaprene Tis ‘8 
is said that in ‘the Deccan the mulberry-trees may be 
their leaves six times a year, and ag pr te 


& 4 
at 

E 

Ee. 

: 
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of rearing silk-worms, and their mode of treating the mulberry-tree 
(described in Davis's ‘China,’ p. 280), were introduced at St. Helena 


iy 


bape the auspices of the East India Compan ; but on the expiration 


plant. After some time, portions of the store were sent to Piedmont, 


however, some of the eggs reached Prussia; and Sreat endeavours are 


has been found prog imc to silk, and gloves and stockings have 
been made of it; but Reiumur found that 50,000 of the insects were 
needed to yield 1b. of silk, and, moreover, that the caterpillars 
fabries exquisitely light, others m Y strong, have been mada 
ithout commercial success, 


The pinna, a gigantic kind of mussel found in the Mediterranean an 
the Indian Ocean, fastens itself to rocks with a kind of cord made of 


part of the stalk of a fern growing in Sumatra; the stalk is covered 


Fig. 1.—Reeling Apparatus (plan), 


a 


Fig. 2.—Reeling Apparatus (section). 
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whiter than the others; Bengal hanks are small; Italian are larger; 
and Persian are the largest and coarsest of all. 

is the simple operation of reeling. It has been a conventional 
that this can only be done in the silk rearing countries; 
the cocoons cannot be conveyed long distances safely, and 
because a clear and warm climate is . The correctness of this 


aon is now disputed. Mr. Dickins, a 
r. 


warm water. The principal end of the silk of each cocoon is drawn 
by the fingers ; several cocoons, thus treated, are placed in a basin, 


covered with some soft substance; the filaments pass 
on their way from the basins to. the bobbins, to cleanse and partially 
them. By this arrangement the winding into hanks, as sake 

e 


ght ly. There is said to be pl 
i tly. said to be a more complete extraction 
of the ak. from. the cccocte, 


thorough extraction of lumps and 
saving in wages. These machines are Dep eopdepsay beg use in 
organised 


he si 
twisting. In China 
is reeled very erry ere may be as few as 


Fig. ows one form of apparatus for ing this transfer. The 
cleaning is rapes f sep the filament a cleft ina of 
steel, whereby impuri i ities are removed, The ing 


and fiisting are processes in which two or more threads are twisted 
round each other; the machinery for effecting this is varied ; but 
a = Manvracture will afford means for judging of 
the general principle, although the details are different. Jig. 4 will 
illustrate the action of one form of twisting or throwing machine, 


ity in the thread, a |: 
a Cur avtvataieie. a 


om 
When silk is required to be made thick, strong, and densely 
twiched, 1b fe somstizess teldibl in tha nedader of 20ph alley 


Fig. 3.—Silk Engine or Swift. 


= 
Fig. 4.—Twisting or Throwing Machine, 


or avenue (jig. 5). Silk sg lh pe grate ted mn : 

It is a mode of using fice oil, ani3 ung rants may sede rea 
the other processes. However unfitted silk may be to be thrown and 
twisted in the usual way,it may be spun into a continuous thread by 
carding, drawing, roving, and spinning, almost in the same manner as 
cotton, The thread produced is of inferior character, and is used for 
pry oer mcr p ome 

su 


of silk manufacture a century are now ees ras 
Persian, sarsnet, groa-de- Naples, doapes, satin, I 


ae 


J 
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different shuttles with threads of various quality, &c. The pile | velvet is slow, and it is paid for at several times the rate of plain silks, 


which 
of short pi 
conceal 


ich constitutes the peculiarity of velvet is produced by the insertion | There are several sorts of goods in which silk is employed with 
of silk thread, which cover the surface so entirely as to woollen materials, such as poplins and bombazines. The Chinese make 
interlacing of the warp and woof, The process of weaving | a species of washing silk, called at Canton ponge, which becomes 


Fig 5,—Silk Spinning by hand. 


more soft as it is longer used. Saal ie tha webection of 
perfectly imitated; and they particularly excel in the luction 0! 
damasks and flowered satins, 


the hands of women ; and, like a sickly plant of foreign growth, it 


ward IV, contained a sort 


oreign 
The silk-throwsters 


years 
of the broad-silk manufacture in the reign of 


included in the great 
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extended. i 

4,133,000 lbs, (in 1844) to og aie ee ie Saat Daneel 
was an fang 4 one, in i 

Tao aspen ‘toe last seven years has averaged about $000,006 Ibe 


per ahnum. The above is raw silk,in the hank. The thrown silk, 
ready for the weaver, is imported in much smaller quantity, varying 
from 300,000 lbs. to 1,000,000 lbs. perannum. Manufactured silk goods 
imported are entered by the J). or by the piece, according to their 
character—that is, European goods by the Ib., and India goods by 
the piece. About 300,000 Ibs. of broad silks and 400,000 lbs. of 
ribbons, from the continent, together with half a million pieces of 
India goods (Bandanas, Corahs, Choppas, Tussire cloths, Romals, and 
Taffetas)—have been about the average quantities within the last few 
oui rap atic 4 all years but 1859, we will give the exact figures for 
that _ 


Raw silk, from China . . 
India and Egypt 
2 Fe other eetsdiled 


. 3,192,632 
« 5,805,487 } 9,920,891 Ibs. 
922,772 


Waste, knubs, andhuks . . =. () 20,808 owt, 
Thrown silk, from France . + 155,872 
» 9» Other countries. 171,590 f °271462 Ibs. 
European blond, silk, and satin. . 305,523 
gauze, crape, and velvet . 41,918 
) ribbons... 479,106. ( 9872980 lbs. 
2 plush for hats ° 160,533 
India piece goods . a . e+e » « 843,084 picces, 


The exports of course do not comprise any raw silk. Of thrown silk, 
in the various forms of thread and yarn, the quantity exported from 
1844 to 1860, varied from about 200,000 lbs, (in 1848) to 1,400,000 Ibs. 
(im 1856). Of woven silk goods the quantity varied from 600,000 Ibs. 
(in 1848) to 3,000,000jIbs. (in 1856). Taking one icular year (1858) 
as a fair avi for seven recent years, we find that the computed 
real value of all the silkandsilks imported was about 8,000,000/, ; and that 
the er value of the silk and silks sapories, was about 2,000,0002. 
Raw silk is imported duty free; manufactured goods pay an import 
duty, which in 1858 amounted to about 900,000/. Py the new 
commercial treaty with France, England has given up about 300,000/. 
ae that having been the produce of duties laid on French silk and 


ithout going into details, it may suffice to state that the quantity 
of silk im in 1860, whether raw, waste, or thrown, was less 
in 1859; but greater in reference to manufactured silk, The export 
ot Ee ae in England was smaller in 1860 than in 1859; but 
of silk- and yarn, it was higher. 

Mr, Winkworth, a Spitalfields manufacturer, estimated in 1857 that 
50 millions we = gunk, we Uaiied ee eR ges 
manufacture, 3,900, persons are supported it, For 
the number of mills, see Factories. v 

SILVER (Ag, from the Latin argentum), This metal has been 
known from the earliest times, frequent mention being made of it in 
the writings of Moses. Occurring naturally in the metallic state, 
though not so frequently as to render it common, and being easily 
worked, it must, no doubt, have been one of the first discovered metals. 
The alchemists and astrologers supposed it to haye some mysterious 
connection with the moon, gave it the sign ), and called it Diana or 
Luna. also seem to have been acquainted with chloride of 
silver (horn-silver) and nitrate of silver (lunar caustic), 

Next to the free metal itself, the sulphide is the most im it ore 
of silver. It is usually associated with sulphide of lead ; indeed galena 
lead-ore nearly always contains silver, which is separated as described 
under Leap, Manuracture or. The ore is roasted to ad sulphur, 
smelted with charcoal, and the argentiferous lead submitted to 
ewpellation [Assayina], by which the lead, becoming oxidised, is partl; 
volatilised, partly raked off the surface, and partly sinks into the cupel, 
leaving pure silver in the liquid state. 

Another process for the extraction of silver from its ores is termed 
amalgamation, from the fact that the metal, after the ore has been 
roasted and the silver reduced by scrap iron, is dissolved out by mer- 
cury; the separated amalgam is afterwards submitted to distillation 
when the mercury volatilises and the silver is left behind. [AmataaM.] 
The processes, of which the final step is ion, are many; the 


ars SILVER. 


ores at different places, being associated with various matters, require 
different modifications of treatment. One metall: i 
yenses with the use of mercury altogether. 
sulphate of silver by roasting the ore at a particular temperature, and 
precipitates the metal therefrom by copper. 

Silver is almost pure white, having only the faintest tinge of red. 
In the native state it sometimes occurs crystallised in cubes or octo- 
hedra. It is moderately bard, elastic, and very ductile and malleable ; 
one grain may be drawn into 400 fect of wire, and the thinnest silver- 
foil, or leaf-silver, has a thickness of only yeh of aninch. Silver 
melts at a a heat, and by repeated fusions becomes quite 
brittle. It jlises in the luminous are of a powerful electric 
current, yielding a beautiful green-coloured vapour. Of all metals, 
silver is, perhaps, the best conductor of heat and electricity. It does 
not oxidise at ordinary temperatures, but when melted has the pro- 
perty of absorbing many times its bulk of oxygen, which, however, is 
given out again at the mc t of solidification. Though silver does 
not rust in the air, it rapidly tarnishes, owing to the formation ofa 
thin film of sulphide of silver ; this occurs more quickly in urban than 
in rural districts, sulphur in the form of sulphuretted hydrogen being 
far more abundant in the atmosphere of the former than in that of 
the latter localities. 

Silver is not readily acted upon by alkalies, hence it is of peculiar 
value in the manufacture of vessels in which alkaline fusions have to 
be made. Common salt, especially in the melted state, is slowly 
decomposed by silver, soda being formed, from absorption of aye, 
while li chlorine attacks the metal. Boiling sulphuric acid oxi- 
dises silver ; hydrochloric acid acts but slightly upon it; aqua regia 
attacks it readily ; but its best solvent is nitric acid. 

Perfectly pure silver may be obtained by dissolving the commercial 
metal in nitric acid, precipitating with hydrochloric acid, and then 
ape Ne well-washed chloride with half its weight of dried carbonate 
of In the place of carbonate of soda, carbonate of lime and char- 
coal are sometimes employed. Chloride of silver may also be reduced 
by it in contact with zine and dilute sulphuric acid, 

equivalent of silver is 108. 
Silver and oxygen form three compounds :— 


1. Suboxide of silver ° e Ps . . « Ag,O 
2. Protoxide of silver , . : . . « « AgO 
%. Peroxide of silver . . . ° . « AgO, 


1. Subowide of silver (Ag,O). Citrate of silver is heated to 212° ina 
current of hydrogen ; fay. ee ving the resulting mass in water, and 
adding an i, the suboxide is precipitated as a black powder. When 
dry, it acquires metallic lustre under the burnisher, 

Molybdate of ‘suboxide of silver (Ag,0,2Mo0,). Wohler forms this 
salt by passing hydrogen gas through an ammoniacal solution of molyb- 
date of silver at 90°, It is a heavy brilliant black powder, in which 
occur regular octohedra. The tungstate of the suboxide is made in the 
same manner as, and much resembles, the molybdate, Ohromate of 


suboxide of silver is black and ous. 
2. Protoxide of silver (AgO). A brown hydrated oxide of silver is 
tash, soda, , or lime is added 


thrown down when solution of 

to solution of nitrate of silver. It becomes anhydrous when heated to 
140° = ce ay ges wr to pag ber 258 oma daca og hewn 
light, hydrogen, or ost any deoxidising agent. It is a 

sn he ai salts, the chief of which are described. 

3. Peroxide of silver Oe. See eee eee 
when a solution of nitrate of silver is electrolysed, It accumulates on 
the positive pole, is a conductor of the electric current, but is very 
unstable. 

Sulphide of silver. (AgS). The elements sulphur and silver have a 
great affinity for each other; the compound produced by their union 
occurs native in large quantities, [Simver, in Nat. Hist. Drv.] 
Sulphide of silver may be formed artificially by passing a stream of 
sulphuretted ge through a solution containing silver, or on 

ig a solub! sulphide to the silver solution, or, still more simply, 
by heati eo sulphur and silver in their equivalent proportions. 

Sulphide silver readily fuses and cools to a dark-gray, crystalline 
mass, that is somewhat soft and malleable, It is decomposed and 
dissolved when heated with concentrated uric or nitric acids, and 
is also readily attacked by strong hy: ic acid. Potash, soda, 
iron, copper, or lead reduce it, by the aid of heat, to the metallic state. 

Chlorine and silver form two compounds, namely ;— 


1. Subchloride of silver . . . . . « Ag,Cl 

2. Protochloride of silver .  . » « « » Agcl 
1. Subchloride of Silver (Ag,Cl). When silver leaf is digested in 
solution of chloride of copper, or of oride of iron, black scales of 


perch] 
subchloride of silver are produced. Nitric acid does not affect them, 
but arnmonia resolves them into chloride of silver and metallic silver. 
2. Protochloride of Silver (AgCl), Chloride of Silver, or, Horn Silver, 
is found native. [Strver,in Nat. Hist. Drv.] It falls asa white, 
curd-like precipitate when hydrochloric acid or any soluble chloride is 
added to an aqueous solution of silver salt. 
Chloride of silver is insoluble in water or dilute acids, and is onl 
very slightly acted on by strong nitric or hydrochloric acids. It 
somewhat more soluble in solutions of chlorides of-alkalies or of 


alkaline earths, and is dissolved in solution of ammonia. It 
fuses when heated to about 500° Fabr., and on cooling forms a semi- 
ee tae It is ly reduced to the state of 
aul loride on exposure to light. A current of hb removes the 
whole of the chlorine from heated chloride of silver; zinc, iron, and 


silver forms double salts with alkaline (may sulphites, and hypo- 
sulphites ; the solutions of the last-named have a most intensely sweet 


taste, exceeding even that of sugar. 
Bromide of Silver (AgBr) occurs native. It may be prepared 
nitrate of silver by bromide of potassium. 


artificially by precipi 
It much resembles chloride of silver, but is less soluble in ammonia, 
and has moreover a yellow colour, 

Todide of Silver (Agl). This compound occurs native also. It falls 
as a yellow precipitate when an alkalin e iodide is added to solution of 
nitrate of silver. It is insoluble in acids and nearly so in ammonia, 
but is very soluble in solution of iodide of potassium or hyposulphite 
of soda. 


Sulphate of Silver (AgOSO,). When silver is boiled in strong 
sulphuric acid, sulphate of silver is formed according to the following 
equation :— 


Ag + 2(H0,80,) = AgO,SO, + 80, + 2HO 

— — ~~ — ——_~ 

Silver. Sulphuric acid. Sulphate of Sulphurous Water, 
silver. acid. 


It is soluble in excess of the acid, but requires ninety parts of water 
to dissolve it. 

Nitrate of Silver (AgO,NO,). This salt, now so largely used in 
photography, and, when fused and cast into cylinders as an escharotic, 
under the name of lunar caustic, surgeons, is formed on dis- 
solving silver in strong nitric acid, By evaporation of the solution, 
colourless, transparent right rhombic crystals are deposited. It has an 
unpleasant bitter metallic taste, is soluble in water or alcohol, and is 
not decomposed by exposure to light unless in contact with i 
matter. Solution of ammonio-nitrate of silver is formed by 
ammonia to nitrate of silver until the resulting precipitate is nearly 
"ais Soloway Soe Se Syetinlcal eating of 

e following are princi ining salts of silver that are 
interest, They are produced by the ordinary process of double decom- 


position. : 
The triphosphate (3AgO,PO,) is of yellow colour, alterable by the 
action of light, readily soluble “s sa: nitric acid or of peth fo 
The (2Ag0, PO,) is white and easily fusible. 
The ee (Ag0, PO,) occurs as a gelatinous mass, soluble 
i nitrate of silver. The carbonate (Ago, CO.) is at first 
white, afterwards yellow. The borate (AgO, BO,) white 
flakes which turn violet on to The iodate (AgO,10,) 


is white, and ises from ammonia in brilliant little 
i The is soluble in water, and ises in white, 
opaque, four-sided pri e mo ,CrO,) is of a 


( 
i ight and deep red by transmitted 

ight, The bichromate (AgO,2CrO,) is a purple-red 
te. The arseniate (3AgO,As0,) is a dark brick-red 
soluble in ammonia and in carbonate of ammonia. 

For the salts which silver forms with organic acids, see the articles 
on those acids. 

Tests for 


of which contain 75°27 of metal. 

SILVER, Medical Properties of. In a 
has no action on the animal frame, and the only salt much used is the 
nitrate, termed also lunar caustic, is i 


& 


i . They are 
ickly become of a dark gray or black colour, 


t this the 

generally wrapped up in blue , nitrate of 
is brought in contact proong Sones the human frame, it 
a white mark, which grad changes to blue, purple, and at last 
black. This occurs more rapidly if moisture be present; and is o' 
to a chemical combination of the metal with the albumen and 


nn 


i 


times employed with success in 


some forms of pectoris, a8 well as morbi 
stomach, Lintger Canil 
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4 Sees 
form of pill than in solution. The pills should be made with mucilage | of standard silver, [Moyey.] For purposes connected with the 
and sugar, but not with bread-crumb, as the common salt, or chloride | manufacture of various articles of use and ornament the alloy is- 
of sodinm, decomposes the nitrate and renders it inert. In cases of greater. At Birmingham rolled sheets are made which do not contain 
poisoning by nitrate of silver, common salt is a ready and effectual | more than 8 or 4 dwts. of silver to each Ib, of the inferior metal. 
remedy: also milk. The liability of nitrate of silver to produce | Silyer forms by far the largest proportion of the value of domestic 
discolorations of the skin in Persons taking it internally constitutes a | utensils in which either of the two Precious metals is used. It has 
serious objection to its employment, and there appears little necessity | also been suggested that electro-plating with silver might be applied to 
for giving it, since any case of epilepsy likely to be benefited by it will | the interior of leaden pipes, when used for domestic purposes, 
generally receive equal good from the use of oxide of zinc, without the} The rolling of silver in contact with the inferior metals is performed 
risk of stains or other inconvenience, by powerful flatting-mills. A bar of Copper is made quite smooth and 
The external employment of this agent isnot liable to any objection | clean on one of its surfaces, it is then sprinkled over with glass of 
when used cautiously, while its advan: are very great. It is the | borax; a plate of fine silver is laid upon it, and the two are carefully 
most powerful direct antiphlogistic agent known. All subacute inflam- | bound together by wire. The mass is then exposed to a full red heat, 


accessible, its influence is great and speedily manifested. Many of the | process, at the conclusion of which sr One ey joined. 
ich i i . Birkmyre, gives an estimate 


and spreads through the mouth or nose to the fauces, and thence down | than 1,300,000 ounces of silver were obtained by refining lead in the 
the csophagus, or origi in the fauces, leading to very serious lead-smelting works of the United Kingdom, of which about half a 
results. Erysipelatous inflammation occurring in any part of the body | million ounces were from British lead. 
may be effectually limited by nitrate of silver. For this purpose a} It may suffice here to refer to several foregoing articles, for further 
complete circle should be formed round the inflamed part, but on the information concerning the working of silver; such as BULLION ; 
sound skin. For this case the solid cylinder, moistened at the end, is | Gonp Lace MANUFACTURE; Mint; Money; Prare anp Pratine. 
best. The circle must be perfect, or the morbid action may extend,| SILVER, GERMAN, [Copper ; Turenac.] 
escaping at the smallest breach. Chronic inflammation, and even SILVERING, as a handicraft, is not always an example of silver- 
ulceration, of the may be removed by nitrate of silver applied in working, as the name would seem to imply ; for in silvering looking- 
; Old indolent ulcers are stimulated to a healthy action glass, no silver whatever is used, in the ordinary methods, 
; by its use; and many cutaneous diseases removed by it. Recent burns|~ One mode of silvering, first adopted at Sheffield, is that of rubbing 
iti i an amalgam of silver and mercury on the surface of any article of 
not in any of these cases be applied to too large a surface at once, as ill | copper ; by the aj plication of heat the mercury is driven off; the sil- 
effects have followed such a practice. To specify all the uscs of | ver, ini behind, adheres firmly to the copper, and is susceptible 
nitrate of silver would be impossible here, but one more deserves to be of receiving a high polish This is, chemi lly, analogous to the process 
extensively known. It is the best ication to chilblains, especially | of metal-gilding, or so-called “ water-gilding,’ described under GILDING. 
at first ; but even after they break, it disposes them to heal. The details, in the same article, concerning the septation of leaf-gold, 
When a solution of nitrate of silver is made, distilled water should | will nearly apply also to that of leaf-silver in the silvering of articles 
invariably be used. The neglect of this rule causes many of the solu- | made of wood. 
tions applied to the eye to be not onl useless, but hurtful. Oxide of In an ordinary looking-glass, the reflection is derived from a film of 
silver has been strongly recomme: as an antispasmodic, and not mercury or quicksilver, in contact with the hinder surface of the glass, 
liable to the objections which attach to the nitrate. In preparing | and fixed by amalgamating with a sheet of tin-foil. Silvering is here 
Medicines with oxide of silver, care must be taken not to combine it | not a correct term, for there is no silver employed. The process is 
with articles such as ammonia, lest an explosive compound should | nevertheless a highly curious one. In the first place, a large sheet of 
tin-foil is unrolled, and laid down on a rfectly flat and very smooth 
SILVER WORKING. Silver-ores are found chiefly in veins which | stone table. Liquid mercury is mit on the foil, from the iron 
traverse the primary and the older of the secondary stratified rocks, | bottles in which it is imported, and made to float over the entire sur- 
but especially the former; and also the unstratified rocks, such as | face. The lass, made perfectly clean, is laid upon the mercury with 
eg and porphyry, which are associated with the above. Some of | a peculiar sliding movement, which suffices to remove the slight film 
richest mines in South America are situated in primary strata 3 | of oxide which soon forms upon the surface, and also any air bubbles, 
also in limestone and in grauwacke, and still more in secondary strata. | The glass is then entirely covered with heavy leaden weights, which 
Tn some of the mines of Peru, and in those of Kongsberg in Norway | could not be done with safety unless the glass and the stone were 
and Freiburg in Saxony, silver has been discovered in masses weighing | perfectly flat. After remaining a day or two in this state, with the 
from 100 to 800 Ibs, the mines of E: the veins are numerous | stone slightly inclined, it is found that all the superfluous mercury 
; ay Mountains and in the | has been pressed out from between’ the glass and the foil; and, more- 
over, that the mercury has chemicall 
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sg trp retain the liquid. After remaining thus a few hours, the liquid is 
average richness of all the ores in Mexico is from 3 to 4 ounces poured off, and a sediment of silver is found to be left adhering to the 
Pere of 108! In one of the Mexican mines a working of | glass, This sediment or film is secured in its place by a varnish of 
in length yielded in six months 432,274 Ibs. troy of silver, | bees’ wax and tallow. 

of 1,000,000/. In Chili some of the mines In Kidd’s embroidered glass, the peculiarity of the process is that 
only 8 oz. in 5000 Ibs. of ore; but in the rich mine of Copiapo, | the patterns have the appearance of being in relief, or embossed on the 
ore frequently contains 60 or 70 per cent. of | exterior surface, and illuminated in frosted and burnished silver, whereas 

the mines in Saxony is from 3 to the whole of the processes are effected on the under surface. 
mines of Craven in Yorkshire Dr. Thomson's silvered vessels display great brilliancy and beauty, 
tl of Cardiganshire, | Glass vessels of any shape, and made of glass of any colour, are silvered 
Charles I., yielded 80 ounces. The average | within in such a way as to yield a reflection of great lustre. Some of 
proportion of the lead-mines of the north of England is 12 ounces per | the imens, in which green and ruby glass are thus silvered, produce 


un 
i 
i 


i parated 
from the ore by various processes ; by mechanical division, roastings | be made to appear at any spots selected by the workman, The silvering 
volatile matter, and melting at | agent is one of the salts or compounds of silver, as in Drayton’s pro- 
the addition of fluxes of various cess; but arrangements of an intricate kind are requisite to the due 


being quicksilver. | Dr, Faraday has described at the Royal Institution a mode of 
[Amatcam; Leap Manvuracturg, col. 149.] silvering introduced by M. Petitjean. A solution of oxide of silver, 


of standard silver of the nglish coinage contains 11 oz, 2 dwts. of sheet of glass to be silvered is laid upon the iron plate and heated to 
pure silver and 18 dwts, alloy, or 925 parts of pure silver in 1000 perts 140° Fahr. by gas flames acting through or on the water. The solution 
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on SIMARUBA BARK. 


SIMILAR, SIMILAR FIGURES. 580 


is on the glass, together with a little polishing-powder. When 
well floated, the solution is rolled with an india-rubber roller to expel 
all air-bubbles. Then more solution is poured on, and more heat 
applied, until a precipitate of pure silver is deposited on the y 
which takes place in about a quarter of The surplus liquid 


an hour. 
being poured off, and the silver washed, it is found to t a beauti- 
ful reflooti surface. No mercury being here employed, the process 
is less than that 


SIMARUBA BARK is obtained from the root of the Simaruba 
amara, Aublet. 8. inalis, Dec. It is a native of Guyana, and also 
of Jamaica (unless latter be a distinct species), and the more 
southern of the United States. 

an infusion more bitter than the 


It is intensely bitter, and 
i The infusion made with cold water is best. It may be 

used as an emetic or tonic, in fever and dysentery; also, against 
worms. If the wood be used in cooking, the viands acquire an intense 
bitterness. The Simarouba versicolor (Aug. St. Hilaire), a native of 
Brazil, has similar properties, but its internal use causes stupor and 
other narcotic symptoms. This effect might be avoided by making the 
infusion with cold water, as in the case of quassia. [Quassta.] 

SIMILAR, SIMILAR FIGURES Mphtmeery (3 Similarity, resem- 
blance, or likeness, means sameness in some, if not in all, particulars. 
In geometry, the word refers to a sameness of one particular kind. 
The two most important notions which the view of a figure will give 
are those of size and shape, ideas which have no connection whatsoever 
with each other. of different sizes may have the same shape, 
and figures of different shapes may have the same size. In the latter 
case they are called by Euclid equal, in the former similar (similar 
fleurta, ben oxfuara). The first term (Equa; Retation], in Buclid’s 
first use of it, includes united sameness both of size and shape; but he 
soon drops the former notion, and, reserving equal to signify sameness 
of size only, introduces the word similar to denote sameness of form : 
so that the equality of the fundamental definition is the subsequent 
combined eqoallie and similarity of the sixth book. 

Similarity of form, or, as we shall now technically say, similarity, is 


model, severally appeal to a known idea of similarity, derived from, it 
may be, or at fe nourished by, the constant occurrence in nature 
art of objects which have a general, though not a perfectly mathe- 
matical, similarity. The rudest nations understand a picture or a — 
almost instantly. It is not necessary to do more in the way of defini- 
tion, and we must proceed to point out the mathematical tests of 
similarity. We may observe indeed that errors or monstrosities of 
size are always more bearable than those of form, so much more do 
our conceptions of objects depend upon form than upon size. 
painter may be obli to diminish the size of the minor parts of his 
“picture a little, to give room for the more important objects: but no 
one ever thought of making a change of form, however slight, in one 
object, for the sake of its effect on any other. The giant of Rabelais, 
with whole nations ——- the business of life inside his mouth, is 
not so monstrous as it would have been to take the ground on which a 
nation might dwell, England, France, or Spain, invest it with the 
intellect and habits of a human being, and make it move, talk, and 
reason : the more tasteful fiction of Swift is not only bearable and 
conceivable, but has actually made many a simple person think it was 
meant to be taken as a true history. 

Granting then a perfect notion of similarity, we now ask in what 
way it is to be ascertained whether two figures are similar or not. To 
simplify the question, let them be plane figures, say two maps of 
England of different sizes, but made on the same projection. It is 
obvious, in the first place, that the lines of. one figure must not only 
be related to one another in length in the same manner as in the 
other, but also in position. Let us drop for the present all the curved 
lines of the coast, &c., and consider only the dots which represent the 
towns, Join every such pair of dota by straight lines ; then it is plain 
that similarity of form requires that any two lines in the first should 
not only be in the same proportion, as to length, with the two corre- 
ho cpeme pee Naa second, but that the first pair should incline at 

same to each other as the second. Thus, if ny be the line 
which joins and York, and yo that which joins Falmouth and 
Chester, it is requisite that L¥ should be to Pc in the same proportion 
in the one map that it isin the other; and if rc produced meet Ly 
produced in 0, the angle oo ¥ in one map must be the same as in the 
other. Hence, if there should be 100 towns, which are therefore 
joined two and two by 4950 straight lines, giving about 12 millions 
and a quarter of pairs of lines, it is clear that we must have the means 
hd ira 12} willions of proportions, and as many angular 
ments, But if it be only assumed that similari ret lowe ead 
it is easily shown that this number is reducible to twice 98, 
Let it be granted that Jy on the smaller map is to represent L ¥ on 
the larger. Lay down f and ¢ in their proper places on the smaller 
tap, each with reference to / and y, by comparison with the larger 
map; then f and ¢ are in their proper places with reference to each 
other. For if not, one of them at least must be altered, which would 
disturb the correctness of it with respect to / and y. Either then there 
is no such thing as perfect similarity, or else it may be entirely ob- 
tained by comparison with / and y only. 


ee cake ot parr eter escrowed 
to; proper angiess 

ruih al avlatiee direction. But it is one of the first nga which the 
student of geometry learns (in reference to this subject), that the 
attainment of correctness in either secures that of the other. If the 
smaller map be made true in all its relative NS be true 
in all its directions ; if it be made true in all its , it must be 
true in all its relative lengths. The foundation of this sim) 
—— rests on three propositions of the sixth book of E |, a8 

OLOWSB > 

1. The angles of a tri (any two, of course) alone are to 
determine its form ; or, as + Say wad Gero to, ooo aa 
have two angles of the one equal to two angles of the other, each to 
each, have the third angles equal, and all the sides of one in the same 
proportion to the correspon sides of the other. 

2. The proportions of the of a triangle (those of two of them 
to the third) are alone enough to determine its form, or if two 
triangles have the ratios of two sides to the third in one the same as 
the corresponding ratios in the*ther, the angles of the one are seve- 
rally the sume as those of the other. 

3. One angle and the proportion of the containing sides are sufficient 
to determine the form of a triangle : or, if two triangles have one 
of the first equal to one of the second, and the sides about those 
proportional, the remaining angles are equal, each to each, and the 
sides about equal angles are proportional. 

From these propositions it is easy to show the truth of all that has 
been asserted about the conditions of similarity, and the result is, that 
any number of points are placed similarly with any other number of 
points, when, any two being taken in the first, and the 


two in the second, say a, B,and a,b, any third point ¢ of first 
gives a triangle a BC, which is related to the corresponding triangle 
abe of the second, in the manner described in either of the three pre- 


A= OTE 


So = 


similar in form. There is no angle in one but is equal to its corre- 
sponding angle in the other: no proportion of any two lines in one but 


is the same as that of the corresponding lines in the other. Every con- 
ception necessary to the complete notion of similarity is foi and 
the one figure, in common language, is the same as the other in figure, 
ar asl aa on a different scale. 
e number of ways in which the conditions of similarity 
might be varied almost without limit; if there be n points, 
they are twice (n—2) in number, It would be most natural to take 
either a sufficient number of ratios, or else of : perha) 
latter would be best. Euclid confines himself to neither, in 
is guided by the following consideration :—He uses only salient 


above pentagons, for instance, if the angles at A, B, D, 0, be severally 
equal to these at a, ¢,d,c, there is no occasion to say that that at B 
must be equal to that at }, for it is a necessary consequence: also, if 
BA:AE::ba:ae, and so on up to pc: 0B;: dc; cb, there is no 
occasion to lay it down as a condition that cB : BA: : cb : ba, for it is 
salt a consequence, These points being noted, the definition of 
id is admirably adapted for his object, which is, in this as in every 
other case, to proceed straight to the establishment of his itions, 
without casting one thought upon the connection of his es 
with natural geometry. © 
Let us now suppose two similar curvilinear figures, and to sim: 
the question, take two ares aB andab. Having already the 
test of similarity of position with reference to any number of points, it 


: SS gt \, 


will be easy to settle the conditions under which the arc aB is 
altogether similar toad. By hypothesis, a and 8 are the 
sponding toa@andb. Join a, B, and a,b; and in the are aB take any 


and his lengths, or sides, are only those lines which 


ts corres 


—— 
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point Pp. Make the angle bap equal to Bap, and abp equal to ABP}.| (or contracted) to pay the plaintiff the sum due. Simple contract 
and let ap and bp meet in p. Then, if the curves be similar, p must | debts are the last which are payable out of a deceased pernia's estate, 


be on the are a}; for every point on 4B is to have a corresponding 
point on a4, Hence the definition of similarity is as follows :—Two 
curves are similar when for every polygon which can be inscribed in the 
first, a similar ‘gon can be inscribed in the second. ; 
It is easily shown that if on eae Dave earn a Pe described a first 
ir of polygons, P and p, and a second pair, Q q, the proportion of 
Eis S2ik pasd teooid paire ‘o the mind, or F 1p: : 4: ¢. _The simplest 
pec aga are squares; consequently, any similar polygons 
descril on A and @ are to one another in the proportion of the 
squares on Aanda. This is also true if for the polygons we sub- 
stitute similar curves; and it must be proved by the method of ex- 
haustions [Gzomerry], or by the theory of limits applied to the 
iti curve may be approached in magnitude by a 
a ene ay of nearness. 
theory of similar solids resembles that of similar polygons, but 
it is necessary to commence with three points instead of two. Let 
A, B, 0, and a,b,c, be two sets of three points each, and let the 
triangles 4 Bc and abc be similar: let them also be placed so that the 
sides of one are parallel to those of the other. If then number of 
similar be described on abe Sid “aé, Use vertiods of tied 
will be the corners of similar solids. If P and p be the 
vertices of one pair, then the pyramids PA Bc and pabe are similar if 
the vertices p and p be on the same side of ABC Py edie etic 


: any solids 
in the same proportion as the cubes on those lines. 


are those which are such that ev 
inscribed in one has another similar to it, capable of being inseribed in 


the other. 
Iti ed oP erg ped ceed eget 
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| por toa 
a and more elli simile. When we speak of 
rudeness of a man, and say, ‘‘ Mr. Jones is as rude as a bear,” we use 
a simile, for the rudeness of the two are kept distinct but likened ; 
when we say “ that bear Mr. Jones,” we use a metaphor, the points of 
resemblance being confounded in the identification of rudeness with 
a bear. So, “ brave as a lion” is a simile—the “ lion Achilles” a meta- 
_phor. Where the resemblance is obvious, it may be more forcibly 
and as intelligibly expressed by a simple ; but when the 
resemblance is not so obvious, it requires fuller elucidation, and then 
ib seust bo expreneed by w dials Aizailon therefore, from their ten- 
to detail, are misplaced in passionate poetry, but meta- 
constitute the language of passion; for the mind, when 


moved, catches at every slight association to express itself, but never | the 


dwells on them with the deliberateness of a com: 
SIMILOR. A kind of gold-coloured brass, 
SIMONY. [Benerice. 


SIMOOM. Se ee ay] 


Brass. ] 


SIMPLE BODIES. 
SIMPLE CONTRACT debts are those which are contracted with 
out engagement under the seal of the debtor or of his ancestor 
(Dexo} and which are not of record by any judgment of a court, 


due << bought by the debtor is the most usual of 
. simple contract ; and the declaration against a 


defendant, in 
aétion. for goods sold, usually alleges that the defendant wien 


when the assets are insufficient. 

SIN. One of the few passages of Scripture in which we have sote- 
thing which approaches to the character of a definition relates to this 
word : “ Sin is the transgression of the law.” (1 John iii. 4.) Within 
this definition would be comprehended all actual sins, when the word 
law is interpreted to mean the Christian law, the rule by which the 
minds of all who profess Christianity are bound; not merely open 
palpable offences against the law, such as murder, theft, lying, and the 
like, but sinful omissions of duty, and those sins which are only those 
of contemplation atid thought; since the Christian rule commands us 
not to neglect the performance of our duties, and to keep a watch over 
the thoughts as well as over the actions and words. 

It was this comprehensive and most excellent law which was in the 
mind of the Apostle when he said that “sin was ion of the 
law,” or at least that other divine law which bound the conscience of 
the Jews. But the expression may be taken to express more generally 
any law which a person holds in his conscience to be binding upon 
him, whether it be a law of nature only, or a law in which the natural 
perception of right and wrong is modified by and mixed with what is 
=" as the will of God concerning us by direct revelation from 
When the word sin is applied to any act, it is always, among correct 
writers or speakers, used with reference to religious obligation, and to 
the responsibility in which we stand to God, and the liability in which 
we are to future punishment. “ To do wrong” would express the 
same act as “to commit sin;” but we use the former phrase without 
thinking of the offence which is done against God in any act of the 
kind ; not.so when we use the other 


injury to society or to our neighbour, and consequently not the same 
amount of offence in the sight of God. But a watchful guard should 
be kept; for nothing is more certain in the philosophy of mind, than 
that small offences lead imperceptibly to the toleration of greater, so 
that the man who thinks little of sesall offences may become, before he 


of : 
they admit the 
imperfection, to the violence of his 


ting | appetites and passions, and in general referring it to that state of pro- 


have been the intention of the 


THEISINAMINE. } 

SINAPIC ACID (2HO,C,,H,,0,).—A product of the action of 
caustic potash on Sinarive. ‘The sinapate of potash (2KO, CyH,,0,) 
thus uced is decomposed by hydrochloric acid, and the preci- 
pitated sinapic acid crystallised from hot diluted alcohol. Sinapie acid 
forms small prisms which are insoluble in ether and only slightly 
soluble in water. Both itself and its salts are somewhat unstable. 
MSINAPING. (G, H.NO ). The hydrosulpho-cyanate of sinapi 

le ie sina) 

oceurs in ahh ed. Ader the sonsterd flour has caste 


C54 HygNO; + 2(KO,HO) = 2K0; OngH, 404 + C,H; gNO, + 2HO 
Creede yan Ky 

Sinapine. Sinapate of potash,  Sinkaline. 
Sinapine was formerly called sulphosinapisine. 


SINA'PIS. Two species of this genus are used in this country to 
yield the mustard of commerce, S. alba and 8, nigra, or white mustard 
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and black mustard. Both are annuals, the latter extensively cultivated 
in Yorkshire and Durham. Of the former the seeds are , smooth, 
not veined or reticulated, and when bruised and mixed with water, do 
not evolve a pungent odour, The integument or skin is also thin, and 
the quantity of fixed oil obtained from it is less than from that of the 
black mustard. White mustard is of a light colour externally (but one 
= is blackish), and when reduced to powder, is of a light yellow 
colour. 

The seeds of black mustard are about the size of the head of a 
common pin, — of a reddish-brown, beautifully — 
internally yellow, oily, ielding a yellowish-green powder. e 
chemical constitution of oypmage essentially different, as it is only 
the black mustard which evolves, when bruised and mixed with water, 
the pungent principle which irritates the eyes, nostrils, and skin. The 
white mustard possesses a non-volatile acrid principle, which is 
dev by the addition of water ; also a peculiar principle, sulpho- 
i It is the young plants from this species which are eaten 
with cress as a salad. 

The fixed oil is perfectly bland, like that of olive or rape, which last 
it greatly resembles. It exists to the extent of 20 per cent in white, 
and about 28 per cent. in black mustard-seed. To obtain it the seeds 
are crushed in a mill or between rollers, and the skins should be 
subjected to pressure as well as the farina or flour. The cake may 
then be sifted and reduced to a fine powder, as it retains all the 
pungent properties. In France the oil is generally left in the seeds, 
which renders them very difficult to powder, and makes it expensive. 
It is also less potent than English mustard in equivalent quantity. 
The mare or cake is sometimes used as manure, but this is a waste. 
It has been supposed to be anthelmintic as well as purgative, but its 
medicinal properties are insignificant. 

Pure flour of mustard ought alone to be used for medical purposes, 
but it is seldom to be met with; the mustard of the shops is a mixture 
of the flour of both black and white mustard with wheat flour and 


cum. 

Flour of mustard, mixed with water, forms the well-known condi- 
ment so much used with all the more indigestible articles of food, the 
solution of which it seems to favour by rousing the powers of the 
ape A wae ew pte of mustard in a tumbler of water 
‘orms a ready and useful emetic in many cases of poisoning, especiall 
when Basel poisons have been taken ; tia cholera, Added to foot- 
baths, mustard has a revulsive action, which is often serviceable in the 
commencement of colds, and when gout has seized the stomach or 
brain; also when cutaneous diseases have suddenly receded. (RUBE- 
FACIENTS. ) 

Sinapisms are generally directed to be made with vinegar, but 
water of the temperature of about 100° Fahr. is preferable, and less 
expensive. French mustard for the table is often prepared with 


vinegar. 

S. nigra differs from the white mustard in the flowers being much 
smaller, and in the seeds being black. The great purpose for which 
the black mustard is grown is for the seeds. ‘‘To raise the seed for 
flour of mustard and other officinal occasions, sow either in March 
or April in an open com; ent, or large reir in fields, where 
designed for public supply. Sow moderately thick, either in drills 
six or twelve inches asunder, or broad-cast, after the ground has 
been ey, ploughed and harrowed, and rake or harrow in the 
seed, W the plants are two or three inches high, hoe or thin them 
moderately where too thick, and clear them from weeds. They will 
soon run up to stalks, and in July, August, or September return a crop 
of seed ripe for gathering ; being tied up in sheaves and left three or 
four days on the stubble.” (Don's Miller.) Rain damages the crop very 
much. Black mustard exhausts the soil rapidly. When once grown 
it is difficult to e: te on account of the great vitality of the seeds, 
which, if buried at any depth and for any | of time, will 
germinate when brought to the surface. In preparing the flour of 
mustard in this country, the black husk of the seed is separated by 
delicate sifting. This Soham which is not gone through on the 
Continent, makes the British mustard so much lighter and more 

ble in colour. 

SINAPOLINE. 


not in thin quill like 
_ oil is used as a spice; the 
as a medicine and perfume by the natives. It is seldom brought to 


E in any aie 
SINE and COSINE. We separate from the article TriconomETrRy 
the mere descri ion and properties of these fundamental terms, which, 
though y derived from simple trigonometry, are now among 
the most useful foundations of mathematical ex ion. For what we 
have to say on their history, we refer to the article just cited. 
to the ancient system of trigonometry, the sine and 
cosine are only names given to the abscissa and ordinate of a point, not 
with reference to the position of that point in space, but to the radius 
vector of that point and its angle. Thus, measuring angles from the 


line oN, and in the direction of the arrow, the angle No P has an infinite 
number of sines and cosines. With reference to the radius or, PN is 


the sine and oN the cosine of Z Nor; but with reference to the radius 
0 Q, QR is the sine and or the cosine. The fundamental relation 


(sine 6)? + (cosine 6)? = (radius)? 


. The oadent ah trigo with this multiplicity of 
e student alwa; 7 mo m icity 

definitions, and with the idea of some cular radius being 

to the complete definition of the sine and cosine, But as he 


he was always taught to suppose the radius a unit; that is, always to 
adopt that line as a radius which was upon to be represented 
by 1, Hence he gradually learned to forget his first ition ; and, 


passing from geometry to arithmetic, to use the following: ro being 
unity, the sine of Nop is PN, which is therefore in arithmetic the 
fraction which PN is of Po; and the cosine is the fraction which on is 
of po. If Qo had been used as a unit, the result would have been the 
same; for by similar triangles, rQ is the same fraction of Qo which 
NP is of Po, 

In the most modern trigonometry, and for cogent reasons, the student 
is never for a moment allowed to imagine that the sine and cosine are 
in any manner representatives of lines. In a practical point of view, 
the final definition of the old trigonometry coincides exactly with that 
of the new; but the latter has this advantage, that all subsequent 
geometrical formule are seen to be homogeneous in a much more 
distinct manner. The definition is this: The sine of NoP is not NP, 
nor any number to represent NP; it is the fraction which y P is of Po, 
considered as an abstract number. Thus if oN, NP, PO, be in the pro- 
portion of 3,4, and 5,rpnistofopr: this¢is the sine of NoP,not 
got any line, nor any line considered as $ of a unit; but simply ¢, four- 

fths of an abstract unit. Similarly the cosine is the fraction which 
onisofor. In just the same manner the number 7, or 
314159... ., is not styled (as it used to be) the circumference of a 
circle whose diameter is a unit, but the proportion of the circumference 
to the diameter, the number of times which any circumference contains 
its diameter. - We cannot too strongly recommend the universal 
adoption of this change of style, a slight matter with reference to mere 
calculation of results, but one of considerable importance to a correct 
understanding of the meaning of formule. ; 

The line o rv being considered as positive [S1cn], the signs of py and, 
NO determine those of the sine and cosine; and the manner in w 
the values of these functions are determined when the angle is nothing, 
or one, two, or three right angles, is easy enough. The following short 
table embraces all the results of sign :— 


0 dE SE ay, 
Sine O+1+0-—1-0 
Cosine 1+ 0—-1—0+1 


Read this as follows:—When the angle =0, the sine =0; from 
thence to a right angle the sine is positive: at the right angle the sine — 
is +1} from thence to two right angles the sine is positive, é&c. 

The fundamental theorems of the sine and cosine, from which all 
their properties may be derived, are, 

sin (a + 6) =sin a cos b + cos a sin b 
sin (a@—b) = sin a cos b— cos asin b 
cos (a + 6) = cos a cos b — sin a sin b 
cos (a — b) = cos a cos 6 + sin a sin b 


all which theorems are in fact contained in any one of them, so soon 
as that one is shown to be universally true. It Fes oem ras ee 
however that the student is allowed to assume the truth of 


these theorems upon too slight a foundation of previous proof : draws 
ing a figure for instance in which both angles are less than a right 


= 
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We give, as an instance, the proof of the first formula when 
both angles are greater than two right angles. Let xo P=a, POQ=6, 
both angles being measured in the direction of revolution indicated by 
the arrow. The sum is four right angles + x 0 Q, which has the same 
sine and cosine as X 0 Q. From any point Q in 0 @ draw perpendiculars 
on 0 X and oP, and complete the figure as shown. Then sin (a+) is 
positive, and is the fraction which Q M is of Q0, or QM:Q0; QmMand 
@ 0 being expressed in numbers. But 


Qo qo Qo QNn Qo No QO 
By si G OT QN PTNO 
y similar triangles = PO QO t Po Qo 


. EY. 1 Qn No 
sina =— 55, cosa=— >>, sinb=— O56 ; 


and substitution immediately gives the first formula. We shall not 
here dwell on the minor consequences of these formule, but shall 
refer to the collection in TRIGONOMETRY. 


theorem supposes the angle x to be measured by the theoretical 
unit [ANGLE], or the angle 1 to be the angle of which the are aud 
radius Th the assumption that in the 
adjoining obvious figure the arc 8 is less than its containing contour 


Ac+cB. Ifthe radius 08 be r, we see that x must be arc AB: r, or 
Ab=rz. Also BM=r sin z, BC=AM=r—r cos z, by definition. 
Now the are 4 8 is greater than B M, and less than BM+™M A, or rz lies 
between r sin z andr sin z+r—r cos z, or « lies between sin « and 
sin <+1—cos x; 
F ain? ae 

9 between nina aad sin 2 + T+oe 2? 
sin 2 
1+cos x° 


Hence, x diminishing without limit, the difference between 1 and z: 
sin x diminishes without limit, and therefore that between 1 and sin x 
: at which was to be From hence it follows that 1— cos x 


and 4z* approach to a ratio of equality, as may be readily proved from 
the equation 


plete of the sine and cosine, from and after the two 
theorems just established, depends upon the introduction of the 
square root of the negative quantity. we take ordinary algebra 


is theory the most simple imaginable, to a student who 

xprA from the beginning in the manner pointed 

To take the middle course, let us assume the rules of algebra 
[Orgnration] independently of the meanings 


sin x. cos y+cos x. sin y, and cos (x+y)=cos x. cos y—sin «. sin y.” 
thus defining say there are such functions ; 
Sse culy sty, ¢ Sees BPs Pe ee ee a Then, as in 


ALGEBRA , Wwe see if ¢r=cos 2+ 4/—1. sin «, the 
relation (x +y)=9a x ¢y follows; whence [Bryom1a, Turorem] px 
can be nothing but K*, where K is, of x Letx=1, 
whence $(1)=k, or we have 

cos «+ V—1. sin x= (cos 1+ 4/—1.sin 1)*... (1) 
and similarly it is shown that ; 

cos 2—+/—1.s8in z=(cos 1~/—1.sin1)?... (2). 

From these we get, by multiplication, 


cos? z+ sin? z=(cos* 1+sin? 1)*: (3) 


if it be possible, let cos? 1+ sin? 1=1, then cos* z+ sin? x is always=1, 
or at least [Root] we may always take one;pair of forms satisfying this 


condition. Hence, making cos 1 + ./— 1.sin 1=e, we have cos 1— 
/—1. sin 1=e-", and the two equations give 

Sf hort p 
9 sing= yar (4) 
which will be found to satisfy all the conditions used in defining them, 
namely, 


e*—e-* 


est +arr e*+e* e¥+e-¥ e*—e-* e¥—e-¥ 
2 Pee 2° VST Bet 
gtdedie  Sp RGN AA oi A ald e+e * e&—e-¥ 
Rafal. = oe ahd Ret Sy Any oe 


e+e y (S e* \2 
| (7% + (49-1) = 
To determine what algebraical formula e must be, take the universal 
formula 


‘ 


a cod 
e* =1+log e.x+(log e)? z + (log ce)’ 5-3 +--- 
whence we easily get from (4) 


log (loge)? « — (loge)® a8 

ceratetie Cos Webel Cos aC Mat 5 JB WS clea 
= es 

a 1 + (loge)? > + (loge) pgqG +--+ 


Now e, as far as our definitions have yet extended, is wholly unde- 
termined, every value of e being applicable. Let us add to our 
conditions that sin #:z shall approach to unity as «is diminished 
without limit: but sin x: approaches to loge: ~/—1; therefore 
log e= «/—1, or e=e¥—. 

The preceding is purely symbolical; we merely ask how are pre- 
vious symbols, under certain laws, to be put together so as to 
represent certain new symbols which are to have certain properties. 
Let us now take the real geometrical meaning of sin x and cos «, and 
the complete system of algebra, in which ./—1 is explained. In that 
system, if a line equal to the unit-line be inclined to it at an angle «, 
it is obviously represented by cos z+ ./—1.sin x, and any power of 
it, whole or fractional, can be obtained by changing x into mx, so that 


cos ma ++/—1.s8in mx=(cos c+ /—1.sin «)™ 


is an immediate consequence of definition; and making «=1, the 
equation 
cos m+ 4/—1.sin m=(cos 1+ ./—1.sin 1)™ 


follows at once. To prove that eV and cos 1+ /—1 sin 1 are 
identical, in the most logical manner, requires a previous definition of 
an exponential quantity, in a sense so general, that exponents of the 
form a+6./—1 shall be included: without this the new algebra just 
referred to is not free from the results of INTERPRETATION. 
However we may proceed, the series above given for the sine and 
cosine of « become 
; om ® a ‘ 
PRAT 9.8. ¢.5.804,8 5 2.98. O et 
eet? Be ee 
rs ako SRT BE Ee Seer Ee BET Pee 


and these series are always convergent. Their present form depends 
entirely on the unit chosen ; if however by x we mean 2°, a’, or x", we 
must write 


@& x & 2 

cc lmeaneae oes hy VY of ea 
a? x? as xt 

cos c=1— —>- + Brie 


where [ANGLE] a is ‘01745,32925 ...., °00029,08882, ...., °00000,48481, 
rene ing as « means a number of degrees, of minutes, or of 

The ing is enough on the fundamental meanings of these 
terms, and on their connection with algebra, Some applications will 
be seen in TRIGONOMETRY. 

SINE and COSINE, CURVES OF. By the curve of sines is 
meant that which has the equation y == sin 2, and by the curve of 
cosines, that which has the equation y = cos x; it being understood 
that 2 stands for as many angular units as there are linear units in the 
abscissa. The undulatory forms of these curves are easily established ; 
and if the ordinate of a curve consist of several of them, as in 
y =« sin z + bcosz + csin 2x, the several parts of the compound 
ordinate may be put together in the same manner as that in which 
the simple undulations are compounded in Acoustics, Except as 
expressing the most simple form of undulating curves, these equations 
are of no particular use in geometry. 

SINE-CURE. Sine-cures are ecclesiastical benefices without cure 
of souls, and are of three sorts :—1, Where the benefice is a donative 
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[Bexzrice], and is committed to the incumbent by the n expressly 
without cure of souls, the cure either not existing or entrusted 
to a vicar; this is the strictest sine-cure. 2. Certain cathedral offices, 
namely, the canonries and prebends, and, according to some authori- 
ties, the deanery. 3. Where a is destitute, by some accident, 
of parishioners; this last kind been called depopulations, rather 
than sine-cures. 

Rectors of a parish in which vicars were likewise established with 
cure of souls have often by degrees exempted themselves from their 
ecclesiastical functions, mr so have obtained sine-cures; but this is 
rather by abuse than legitimately. Sine-cures are exempt from the 
statute of pluralities. 

SINETHYLAMINE, HEISINAMINE. } 

SINKALINE, (C,H, O,)—This alkaloid is a derivative of Srva- 
vine. It is best obtained by heating hydro-sulphocyanate of sinapine 
with water until precipitation of sinapate of baryta ceases ; then 
taking out hydrosulphocyanic acid by the sulphate of copper and iron ; 
again adding excess of baryta water, and lastly separating baryta by a 
current of carbonic acid. From the solution of carbonate of sinkaline, 
thus obtained, the other salts may be formed by double decomposition. 
The alkaloid itself is produced by the action of oxide of silver on 
hydrochlorate of sinkaline. 

Solution of sinkaline is very unstable. Evaporated in vacuo, a 
crystalline mass of the alkaloid is obtained, soon becoming brown in 
contact with air. Chloroplatinate of sinkaline contains (C,,H,,NO,, 
HCl, PtCl,). 

SINKING FUND. [Nartionat Dest, col. 878.] 

SIOUX INDIANS. [Norra American Inpians. 

SIPHON (clpwr), a tube or pipe by which a liquid can be decanted 
from one vessel to another without inverting or disturbing the vessel 
from which the liquid is withdrawn. This machine was probably 
invented in the second century B.c., by Hero of Alexandria, who, in the 
‘Spiritalia, or ‘ Pneumatics,’ mentions its employment for the purpose 
of conveying water from one valley to an over the intervening 


The siphon is a bent tube the arms of which are of unequal length : 
one of the ‘arms being immersed in the liquid which is to be drawn 
from a vessel or reservoir, and the air being removed by suction, or by 
means of a syringe, or by previously filling the siphon, the liquid in 
the vessel immediately rises in the immersed arm, in consequence of 
the pressure of the atmosphere on that which surrounds the tube ; 
then passing over the bend, it flows from the open orifice at the lower 
extremity of the other arm. When the fluid to be raised is water, the 
vertical height of the bend in the tube, above the surface of the water 
in the vessel, must not exceed about 33 feet, because a column of 
water of that height would be in equilibrium with the pressure of the 
atmosphere, and could not by the latter be forced over the bend. If 
mereury were to be raised, the height of the bend in the siphon must, 
for a similar reason, be less than 30 inches. The external arm of the 
siphon must be longer than that which is immersed in the fluid, or its 
orifice must be on a lower level than the surface of that fluid, in order 
that the weight of the column of fluid in the former may exceed that 
in the latter, and thus a continual stream be produced. S 

The siphon is sometimes furnished with a suction or exhausting pipe 
at the side, by means of which the air can be conveniently removed 
and the liquid be made to rise over the bend into the lo limb. 
In the Wurtemberg siphon the two ends are turned up, so that when 
once filled it will always remain so, and act at once when one end is 
immersed into a liquid. 

A siphon may be made to discharge water at the upper extremity by 
means of an air-vessel at that place. Thus, while the tube is filled 
with water, if the communication between the descending branch and 
the lower part of the air-vessel be closed by the shutting of a valve, 
the water, which would have otherwise descended, rises in the vessel, 
where it condenses the air; and, from the reaction of the latter, it is 
made to escape, as ina forcing-pump, through an o pipe whose 
lower extremity is under the surface of the water in the vessel. This 
was the invention of M. Hachette, and is denominated the ram siph 

In order that a fluid may issue from that branch of a siphon which is 
on the exterior surface of the vessel containing it, it is necessary, as has 
been stated above, that the e ity of the branch should be below the 
level of the surface of the fluid in the vessel ; but it may be observed 
that there is an exception to the rule when the interior diameter of 
that branch is very small; for example, when it is less than 1-10th of 
an inch, the interior diameter of the branch in the vessel being con- 
siderably greater. For if such a fluid as water or wine be introdu 


Ny serge dow hee fie the fluid in the more slender branch will, 
the effect of attraction, stand higher than the top of that 
the other branch. It would follow therefore, that if the 

were inverted, and 


the other branch, though the orifice of the latter were a little above 
the level of that surface. 
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will descend from thence in drops, provided the extremity of the 
vert lbes tenging over he Salant ehes oF tee tasiae te ta 

The phenomena presented by of water are explained by 
supposing that the rain which is in the earth i 
finds its way by small channels to some interior cavity, and from thence 
by other channels, which may be considered as natural siphons, to an 
orifice on a lower level at the surface of the ground. At this orifice it 
issues in a stream of water, which continues to flow till the surface of 
the water in the cavity has descended below the tops of the vertical 
bends in the channels: the water then ceases to flow till the rains 
again raise the water in the cavity above those bends. But it some- 
times happens that a spring, without ceasing to flow, di 
paridalaste greater and er quantities of water in given times; 
and this is accounted for by supposing the existence of two cavities 
either unconnected or communicating with one another small 
channels. The channels leading from one of these cavities to the point 
of efflux are supposed to be below the level of the water in 


in that cavity may only attain the necessary height in consequence of 
falls Tain, ¥ increases in the 


ng persons, several philosophical toys have 
been constru in which the effects are roddsed Wy meann OF Oe 
e siphon is sometimes Ht or) 


to 8 inches in length; the tube is hermetically closed at one end and 
left open at the other. One of the branches is filled with mercury; 
and, both of them being in vertical positions, with the closed and open 
ends upwards, they are, by means of a brass stem terminating in a 
screw, affixed generally to the under surface of the table Leta y the 
plate of an air-pump. The siphon is contained in a cyli glass 
vessel, a little ing it in length, which is closed at lower and 
open at the upper extremity; and the open end of the cylinder is 
screwed to the table of the air-pum) pea d, oy about the orifice of a 
brass tube which passes through the pump-plate’and opens into the 
receiver placed upon the plate, so that there is a free communication 
between the air in the cylinder, in the open leg of the siphon, and in 
the receiver. This gauge has a scale of inches, decimally subdivided. 
While the pressure of the air in the receiver in the open branch of 
the gauge is more than a counterbalance to the weight of the column 
of mercury in the closed branch, the gauge presents no indications ; 
from the time however that, by continuing the process of exhausting 
the receiver, the pressure of the air in the open branch becomes less 
than the a of the column of mercury in the other, that column 
descends in the latter branch and rises in the former; and then the 
degree of rarefaction in the receiver is indicated by the difference 
between the heights of the columns of mercury in the two branches of 
the siphon. [Arr-Pump; Pear-Gaver.] 

SIRENS (Zeipijves) are described in the ‘ Odyssey’ as two maidens 
who sat by the sea and so charmed with their music all who sailed by, 
that they remained on the spot till they died. Ulysses, by the diree- 
tion of Circe, had himself tied to the mast, and stopped the ears of his 
companions with wax, by which means he was able to hear their inusic, 
and escape from its influence. (‘ Od.’ xii. 39, &., 169.) The ship of 
Ulysses, with himself tied to the mast, is frequently represented on 
gems, and other works of ancient art. The number of the Sirens was 
afterwards increased to three, who are vari named by different 
writers, Parthenope, Ligeia, and Leucosia; or Aglaope, Peisinod, and 
Thelxiepia. They were usually called the daughters of Melpomene 
and Achelous (Apollod., i. 3, § 4), and were represented by artists with 
the feathers and wings of bi (Compare Ovid, ‘ Met.,’ v. 522, &e.) 
According to the later writers they were via tf Hera to contend with 
be a who conquered them, and tore off their wings. (Paus., ix. 

, § 2. 

SIRIUS and PROCYON (2elpios and Mpoxdwv), the Greek names of 
the bright stars in the constellations of the Great and Little Dog 
(Canis Fj eed Pavey! These are Orion's d pas : 
some, O5e 0: or personages, according to e whole 
of their mythic explanations form a strong proof, in addition to those 
already noticed, that the constellations are not Greek in their origin. 
The Egyptians called the dog-star Sothis [Sormtac Pxrtop], and from 
its HELIACAL rising had warning that the overflow of the Nile was 
about to commence. Now the overflow of the Nile follows the 
summer solstice ; whereas, by the precession of the equinoxes, th 
heliacal rising of Sirius is now about the tenth of August. This 
heliacal rising is a very indefinite phenomenon, and will serve any 
system: by it Bailly, from Bainbridge’s caleulations, was able to carry 
back the settlement of Egypt 2800 years before Christ : while Newton, 
by a reckoning made on the same made many ancient 
events seem later than was generally supposed, : 


———— 
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The greatest heats of summer generally follow the summer solstice, 
and in the Mediterranean tpibatine, and in ancient times, it was 
observed that the unhealthy and oppressive period coincided with the 
heliaeal rising of the dog-star. We say the dog-star, without specifying 
whether it was Sirius or Procyon; it is uncertain which it was, and 
may have been both, for the heliacal risings do not differ by many 
days. All antiquity attributed an evil influence to the star; and 
though Geminus among the ancients, and Petavius among the moderns, 

it that the effects were to be attributed to the sun alone, they 
had any followers until the fall of judicial astrology. Even at 
this day, when the heats of the latter part of the summer are excessive, 
we are gravely told that we are in the dog-days; and most of the 


almanaes, in which an absurdity has the lives of a cat, persist to this 
very year in i us that the dog-days begin on the 8rd of July, 


informing 

and end on the 11th of August. Now as the heliacal rising of Sirius 
takes place about the very end of this period, it is clear that the cart 
has got before the horse, or the mischief before the dog. Moreover, it 
is notorious that in our island the ive heats of the summer, 
during which dogs are apt to run mad (which is what many people 
think the name arises from, as indeed it was anciently recorded among 
the star), generally fall about the middle or end of 
A The real classical dog-days are the twenty days preceding 

the twenty days following the heliacal rising of whichever star it 
was, Sirius or Procyon. It is perfectly useless to retain this period : 
ays reagan hacer ee 
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season that the overflowing of the Nile commences ; 
it extends eastward over Arabia, Persia, and some parts of Hindustan, 
and it is felt, but with less inconvenience, in Italy and Spain. This 
wind is probably only one of the modifications of that which, in 
different countries, is called samoom, simoom, samm or samieli, khamsin, 


the forests and beds of rivers which extend all along 
yas up to 30° N. lat. i 

crooked, lofty, and often from three to four feet in 

Sissoo yields the Bengal shipbuilders their crooked 

. describes it as being tolerably t, 

not so durable as could be wished; the colour 

is light grayish-brown, with dark veins: he says that upon the whole 

he scarcely knows any other tree more deserving of attention, from its 

i in almost every soil, its beauty, and uses. Bs tones 

of Indian 


SISTRUM, a musical instrument of percussion, of great antiquity, 
og peck genplan: te dggand frame and handle of a racket, 


' SIVA, the personification of the destroying principle, forms, with 
the two other gods, Brahma and Vishnu, the Trimfrti, or triad, of the 
Hindus; and gy 6d in allusion to his office as destroyer,the is 
classed third, yet he is generally allowed to occupy the second 
among the Hindu deities, or even (according to some) the first, as his 
ee ene, wD btained more g 1 t than that 
of a. the worship of Siva isso predominant, that Brahma, 
who is the only one of the three mentioned by Manu, and who seems 
to have enjoyed a larger share of adoration in ancient times, has now 
es India, while Mahfdeva (a name of Siva) and the 
adventurous Vishnu, whose incarnations attract so much of the vene- 
ration of the Hindus, are, in fact, the only of the whole Hindu 
eon who have numerous worshi; present popular form 


A ‘ ippers. 
of Siva worship in all probability assumed its actual state before the 
great Saiva reformer, Sankara A who lived in the eighth or 
ninth century. (‘ Vishnu Purina,’ , p. x.) This opinion is sup- 
e well-founded that the Saiva faith was - 
tated by 


characterise the Dandis, a sect of Saivas of modern times. (‘ As. 

xvi, 22.) No allusion is made in the Purdnas to the original power 

this god as ; that power not being called into exercise till 

after the e of twelve millions of years, when, according to 
and Gandbes te Secker sho ropescuntatt ripest 

universe ; is er the representative 

than of destruction. The linga is the only form under which Siva is 


F 
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now adored in most parts of India. According to Professor Wilson 
(‘ Vishnu Purfina,’ xliv.),‘ There is nothing like the phallic orgies of 
antiquity; it is all mystical and spiritual.” The linga is twofold, 
external and internal. The ignorant, who need a visible sign, worship 
Siva through “a mark” or “ type,” which is the proper meaning of the 
word “ linga,” of wood or stone ; but the wise look upon this outward 
emblem as nothing, and contemplate in their minds the invisible inscru- 
table type, which is Siva himself. But his other forms are many, and 
they vary in so far as they attribute to him the qualities of creator, 
preserver, destroyer, and regenerator, and represent him in his various 
avatéras (incarnations), eight of which are called by the common 
name of Bhairava, all alluding to terrific properties of mind or body. 
He is sometimes seen with two hands, at others with four, eight, or 
ten, and with five faces ; he has a third eye in his forehead, the corners 
of which are dicular, which is peculiar to him ; a crescent in his 
hair, or on his forehead, encircling the third eye; he wears ear-rings of 
snakes, and a collar of skulls. Mahadeva, when represented thus, but 
with one head, has four hands, in’one of which he holds a pfsa, the 
use of which is to extract the souls out of the bodies of men, when 
their time is come, and is a common attribute of Yama, the god of 
death (‘S. Savitryupakhyana,’ ed. Bopp.), a tris'ula is upheld by the 
other, and the two other hands are in a position of benediction. As 
Bhairava (the lord of dread) he is frightful to behold; great tusks 
burst through his thick lips; the hair, which is stiff and erect, gives 
his face a dreadful aspect; the fall of the necklace is impeded by 
numerous snakes which twine round his body. This is also the idol 
which shows him as Maha-kala, or of time. It is in this character 
that he is supposed to delight in bloody sacrifices, and:that the Saiva 
Sannyisis (followers of Siva who practice the yoga to the highest 
degree) inflict on themselves the cruelties which have rendered so con- 
icuous the temple of Jaggernaut (Jagannitha, the lord of the world). 

[ cre! A very minute account of the fortitude and self-denial of 
the deluded Yogis is given in Ward's ‘ View of the Religion of the 
Hindus.’ His consort Sakti, who in her corresponding character is 
celebrated as the goddess Durga or Kali, participates in these horrible 
sacrifices, and has of late years become more notorious by the exposure 
of the homicidal of the Thugs, who ise in her their 
tutelary divinity. Siva is also the god of justice. In that character 
he rides a white bull, the symbol of divine justice (Manu, viii. 16), and 
is often seen with the parashu (battle-axe) in his hand, and the sacred 
string. On pictures he is often represented as if rubbed over with 
ashes, and with a blue neck; the epithet of Nilakanta (blue-necked) 
was given to him in commemoration of his having drunk the poison 
which arose from the sea, and threatened to destroy mankind. But 
the character in which he is more generally known, and which his 
followers imitate, is that of the Kapala-bhrit (skull-bearer), Skanda- 
Purina makes him describe himself in the following words :—“ Parvati 
(his bride) must be foolish to practise so severe a penance in order to 
obtain me, Rudra (one of his 1000 names), a wandering mendicant, a 
bearer of a human skull, a delighter in cemeteries, one ornamented 
with bones and serpents, covered with ashes and with no garments but 
an elephant’s skin, riding on a bull, and accompanied by ghosts and 
goblins.” Now this, except that the unearthly beings who follow him 
are re’ ted by a crowd of dirty people, is exactly the description 
of a Saiva digambara (sky-clad, that is, naked—a kind of religious 
mendicants), if instead of the god's third eye, we add a round dot on 
the nose, made of clay or cow-dung, and a mark on the forehead, com- 
of three curved lines, instead of the chandra (half moon) which 

udra obtained at the churning of the ocean. 

To continue the account of his adventures: Siva marries Parvati, 
and lives with her in the midst of the eternal snows of Mount Kailaisa. 
His heaven is however one of the most splendid in Hindu mythology, 
and a description of it may be found in Ward’s ‘ View;’ it is a 
translation from the Kritya Tatwa. There also are his two sons; 
Ganesa, the leader of the hestmi choristers, and, as Vigneswara, the 
god of difficulties, whose head is that of an elephant; and Kartikeya, 
the six-faced of war. Itis there that he was thus addressed by 
Brahma and the other gods :—‘*I know that thou, 0 Lord, art the 
eternal Brahm, that seed which, being received in the womb of thy 
Sakti (aptitude to conceive), produced this universe ; that thou, united 
with thy Sakti, dost in sport, create the universe from thy own 
substance, like the web from the spider.’ Here it was that he 
reduced to ashes the “ flowery-bowed minud-bewitcher” Kiama (the god 
of love), pierced by whose arrows he had neglected to avenge the 
wrong done to him and his consort by his father-in-law Daksha. On 
the top of KaiJAsa it is that the worshippers of Siva will be admitted 
to the sports of the inhabitants, where Mahddeva invented for the 
amusement of his bride the heavenly dance, to which his faithful 
attendant Nandi plays the musical accompaniment. There lie before 
the door his vehicle, the white bull, and the tiger on which his consort 
rides, Though wanting all the splendours of the Swarga (Indra’s 
heaven), the abode of Siva, when drawn in the glowing colours of the 
East, is no less gratifying. From thence he is sw to bless his 
worshippers, “ when, with Parvati on his knees, he, the lord of the 
world, on whose brow shines the moon throwing its beams over the 
mountain of the north, deigns to allow the Suras and Asuras (gods and ° 
demons) to wear for their frontal ornament the reflection of the 
radiance of the nails of his feet, and the Ganga, rushing from the top 
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of his head, refreshes the air of his sacred dwelling” (Kuthd Sarit 
Ségera). Thia is a favourite subject among the Hindu painters, and 
we must allow that their conception of it is generally well executed, 

The numerous names of Siva have led E into a notion con- 
trary to that which induced the Hindus toe make the linga the general 
type for all the forms of this god; they naturally -enough supposed 
each of his numerous names to belong to a distinct and 

deity. Hence the erroneous notion about polytheism in India, 
whilst it is evident that the original monotheism of Hindu religion had 
in the progress of time become pantheism, which is prevalent all over 
the East. Even at present the follower of Siva denies the divinity of 
Vishnu, and vice versd; although both these gods, now representing 
the Su e Being, were only types of divine qualities attributed to 
the arti. But the allegory eventually acted too strongly on the 
imagination of the people. Brahma, as creator, had finished his work, 
and could not with propriety act any more, Siva therefore and 
Vishnu were destined to do all that fancy could suggest; but still 
MahAdeva is the only god to the Saivas, whilst Nardyana is the one 
hb by the Vaishnavas. For this we have the express words of the 
Radha Tantra, which says that the form of Arddhanareswara (half man, 
half woman) was assumed by Siva in order to prove that he was the 
one Brahm, in whom both the female and male powers are united. 
This notion of the animating and recipient ne being united in 
one, has been embodied in the statue termed Arddhanari; one half of 
Siva, from head to foot, bears all the ornaments of Parvati or Bhavant ; 
the other is exactly the same as that in which he is usually exhibited. 
The rage for identifying the gods of the Eastern nations with those 
of the West has not spared Siva. He was Bacchus, and Saturn, and 
Pluto; in fact, he was said to be almost the entire pantheon of Greece 
and Rome and Egypt. Neither is this to be wondered at, seeing that 
the Greeks and Latins ascribed different attributes to different deities. 
The Hindus have only one to whom to ascribe all attributes. Siva is 
also, and it appears originally, the representative of fire. This element 
penetrates earth and water, represented by Brahma and Vishnu, 
imparts to them some of its vigour, develops their qualities, and 
brings everything in nature to t state of increase, maturity, and 
perfection which they would not attain without it. But ceasing to 
act beneficially on the created things, they perish: this agent of repro- 
duction, when free and visible, consumes the body, the composition of 
which he himself had effected: to this quality he owes his title of god 
of destruction. 

The reader who may wish to see the connection of the Hindu gods 
with those of Greece and Rome will find ample materials in the papers 
which Col. Wilford inserted’ in the earlier volumes of the ‘ Asiatic 
Researches :* they cannot however be implicitly relied on. 

(Vans Kennedy, Researches into Ancient and Hindu Mythology ; 
Maurice, Jndian Antiquities ; Ward, View of the Religion, Literature, &c. 
of India ; Wilson, Vishnu Purdna—Ozford Lectures ; Rolle, Recherches 
sur Bacchus et les Mystéres; P. von Bohlen, Das Alte Indien ; 
Kindersley, Specimen of Hindu Literature ; Moore, Hindu Pantheon ; 
Asiatic Researches ; Dubois, Meurs, dc. des Peuples de U Inde.) 


SIVAN (in Hebrew, rho) is the ninth month of the Jewish civil 


year. The name is mentioned in the Bible, at Esther viii. 9. In the 
copies of the calendar of Heliopolis (Balbek) we find E¢np, O¢p, and 
«€; but these words are evidently intended to represent the Syrian 
month Heziran. No probable Hebrew etymology has been suggested 
for the word Sivan; but Renfey proposes the Persian month Sefen- 
darmed, which the analogous Zend form shows to be compounded of 
two words, the first of which, ‘ spenta,’ signifies pure. Sivan has thirty 
days, and it coincides with our May or June; in the year 1860 it 
began on the 22nd of May and ended on the 20th of June; in 1861 it 
begins on the 10th of May and ends on the 8th of June. On the 
6th of this month Pentecost begins, and some festivals are mentioned 
as held on the 15th, 16th, and 17th of the month, in commemoration 
of victories gained by the Maccabees; but they do not appear to be 
generally observed. The same may be said of certain fasts set down 
= ne 25th and 27th, in remembrance of the death of celebrated 
ral 
SIX CLERKS. The office of Six Clerks was an office of great anti- 
quity connected with the Court of Chancery, probably as ancient as 
the court itself. The number of the Six Clerks was limited to six as 
long ago as the 12th Rich. II. The history of this office illustrates the 
mischief of attempting to regulate the supply of legal services to the 
client. It exhibits an instance of the principles of interference and 
monopoly destroying two successive classes of officers, in spite of the 
strongest support which the law and the courts could give to them. 
The Six Clerks were originally the only attorneys of the court. 
By the common law, any person who was impleaded in any of the 
courts of law was bound to appear in person, unless he obtained the 
king's warrant, or a writ from Chancery enabling him to appear by 
attorney, “ by reason whereof,” says Lord Coke (1 ‘ Inst.,’ 128), “there 
were but few suits.” There are many early statutes still in force 
enacted for the purpose of empowering the subject to appoint an attor- 
ney. The earliest statute is of Merton (a.p. 1235), whereby it is 
“ provided and nee that every freeman which oweth suit to the 
undred, and wapentake, or to the court of his lord, 


county, 
may dese his attorney to do those suits for him.” Subsequent | secured 


- SIX CLERKS. 


Acts extended this privi to 
this day it would er ee 
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other parties and other courts ; but to 

the strict law of the land, except so 
far as it has fallen into desu persons in good health, in pleas 
relating to money, are bound to appear in person. None of 
statutes, however, extended to courts of eyuity ; but, as far as appears, 
every person who was desirous of relief, or compelled to defend him- 
self in the Court of Chancery, was obliged to employ one of the Six 
Clerks as his representative. 

In early times great exertions were made to limit the number of 
attorneys who were allowed to practise in each court, The increase of 
litigation which accompanied the increase of property was looked on as 
an evil to be checked in every ible method ; pe | the method most 
relied on was that of limiting the number of legal practitioners, The 
well-known statute of 1455 (33 Hen. VL, c. 7, which is still in force) 
may be referred to as an instance. It recites a practice of contentious 
attorneys to stir up suits for their private profits, and enacts that there 
shall be but six common —— in Norfolk, six in Suffolk, and two 
in Norwich, to be elected and itted by the chief-justice, As late 
as the year 1616 a rule was made, “ that the number of attorneys of 
each court be viewed, to have them drawn to a competent number in 
each court, and the superfluous number to be removed.” These 
various regulations, so far as they were enforced, could only have been 
detrimental to the public ; and as regards the courts dees. 2 Bench 
and Common Pleas, they seem not to have been long insi on, As 


to the Exchequer, the principle of monopoly was continued in force 


down to the year 1830, until which time eighteen attorneys only were 
admitted.to practise in it. As a consequence, that court was, before 
the year 1830, scarcely at all resorted to. Since that time more actions 
are commenced in it than in any other court. In the year 1632 a new 
principle was introduced into the common-law courts, and all persons 
wishing to be attorneys were required to serve an attorney under 
articles for six years (since reduced to five). The Six Clerks’ Office, 
however, did not adopt this method until long after, They got over 
the difficulty by admitting under-clerks, afterwards called sworn clerks, 
to practise in their names, and they shared in some way or other the 
profits with them. In 1548 an inquisition was appointed, to inquire 
into the supposed exactions and abuses of the Court of Chancery, and 
the fees then payable for the business of this office. The presentment 
shows that all the fees payable for business done in this office were at 
that time payable to the Six Clerks ; and it contains no allusion whatever 
to the under-clerks as being in any way known as officers of the court. 
They seem at that time to have held a  posice with regard to the Six 
Clerks quite analogous ‘to that which the solicitors for a long period 


were under with regard to the sworn clerks, and to have been the real _ 


persons who prosecuted the causes. They must haye been numerous, 
as in 1596 an order was made limiting the number that each Six-Clerk 
should be allowed to have under him. Soon after this the Six Clerks, 
instead of taking clients according to the clients’ choice, agreed to divide 
the business coming from time to time into court among themselves 
alphabetically. This arrangement shows that the scheme of a limited 
number of legalised attorneys for the Court of Chancery had now 
entirely ceased to Cones: and had been converted into a mere legal 
pretext to enable these officers to tax all who were driven to such 
Chancery Court for justice. This regulation for dividing the business 
was, after some years, set aside on petition of the Master of the Rolls to 
the crown, as a monopoly and a breach of the liberty of the subject. 
In 1630 the office of Six-Clerk was, if not a sinecure, at least an a t 
ment of great value. From a ridiculous story told about Sir Julius 
Cesar, the Master of the Rolls, in Clarendon’s ion,’ i 
that the appointment at that time sold for so large 
About this time the under or sworn clerks, or clerks in court (for all 
these names apply to them), began to be frequently mentioned in the 
orders ing the court, and soon grew into a very pe pres body. 
The under-clerks were the parties who knew the merits of the different 
causes, and were interested in getting the work done, so as to the 
fees from the clients, The Six Clerks had begun to sink into the 
lethargy of sinecurists. Many orders were made to spur them into 
activity, but all in vain, 

The Six Clerks, in a uy al given in by them to the C Com- 
missioners of 1825, state , * From the first establishment of the Six 
Clerks, up to the rebellion in the reign of King Charles I., many other 
important duties were attached to their office. During the usurpation, 
however, a part of the duties was assigned to certain new officers 
entitled the sworn clerks, who have ever since continued the execution 


vigoro 
position, Lord Clarendon, in 1665, limited 
the under-clerks to twelve to each Six-Clerk; these under-clerks are 
sometimes referred to incidentally as the ‘attorneys of the pee 
though it is strongly repeated that “the Six Clerks are the attor- 
neys of this court.” In 1668 the Six Clerks submitted to therr fate ; 
an order was made fully recognising the under-clerks, and dividing the 


office-fees between them and the Six Clerks. The Six Clerks, having — 


their own monopoly, had, by the year 1688, become the 
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aggressors, and had schemed to increase their income by admitting 
other persons, as well as the sworn or under-clerks, to practise in their 
namés. This was a bone of contention for many years. Before 1693 
the under-clerks had obtained the privilege of filling up all the vacancies 


in the office by taking articled clerks themselves. From this time till. 


their abolition, the office of Six-Clerk became a complete sinecure, and 
the Six Clerks were only mentioned in the court’s annals with respect 
to the fees that they are entitled to demand from suitors. The office 
was abolished by Lord Brougham’s Act, which enacted that i 
should not be up till the number of Six Clerks was reduced to 
two. Nearly the same story has to be told over again with reference 
to the sworn clerks. For a long time these under-clerks were the prin- 
cipal solicitors of the court; and until the middle of the last century 
the chief business of the court was transacted by them without the 
intervention of a solicitor. The same principle of monopoly led with 
them to nearly the results that it did with their titular superiors. A 
vested right to fees in the various stages of equity proceedings brought 
about an inattention to business, which has led to the transfer of the 
prosecution of suits to the solicitors. 

An effort was made in 1825 to get the offices of Six-Clerk and clerk 
in court abolished. It was broadly stated at this time by a solicitor of 
celebrity, that Mr. S. (a gentleman whose mind had failed him) was 
“ quite as good a clerk in court after he was a lunatic ;” and the expense 
of the office to the suitor was insisted on. Lord Eldon, however, saw 
no reason to interfere with these offices, and they remained condemned 

the unanimous voice of the whole profession for many years longer. 

itimately they were abolished, the then holders of the offices receiving 
compensations so extravagant, that frequent attempts have been made, 
unsuccessfully, to reopen the question. 

For further information as to this office, the reader is referred to the 
case Me yi the Six Clerks,” 3 Vesey’s ‘Reports,’ 519; to the 


* Orders of the Court of Chancery’; to phlets by Mr. Spence 

Mr. Merivale, and Mr. Wainewright; and to a powerful 
Equity Reform, made in the end of the session of 1840, by 
i , Which was afterwards published 


concord, the ratio of which is 5 : 3. 


Sixth there are three kinds: the Minor Sixth, the Major 
the Extreme Sharp Sixth. The first (E, c), is composed of 
wo semitones; the second (c, A), of four tones and 
semitone; the third (c, a2), of four tones and two semitones. 
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« used in the University of Cambridge for a class of 
students who are admitted on easier terms as to pecuniary matters 


supposed to be derived from size, which is an ee Gere 


which pportion. ‘ 
means @ 
SIZE. oo get ie poh wal 
-BACK, in civil engineering, the course of masonry forming 
the abutment for the voussoirs of a segmental arch, or, in iron bridges, 
for the ribs. In the latter case a plate of cast-iron is usually laid upon 
the stone skew-backs, extending the whole width of the bridge, and 
a tie tothe masonry. On account of the expansion and con- 
traction of iron under changes of temperature, the ribs should not, 
especially in arches, be fixed to their abutments. The ribs of 
Southwark Bridge, over the Thames, were originally bolted to the 
masonry of the piers; but it was found necessary, on this account, to 


OKEW DaIDGd ot of the works. 
SKEW-BRIDGE,a in which the passages over and under the 
arch iutersect each other obliquely. 


mee r y: 

a district in which are many natu berm water- 
or in making a canal through a country in which roads are 
frequent, such intersections very often occur, a however, the con- 
struction of an oblique or skew arch is more dit it than that of one 
built at right angles, skew-bridges were seldom erected before the 
Gititet dakt sion al ; it being more usual to 

at right angles, and to divert the course of the road or of the 
stream to accommodate it, as represented in fig. 1, in i 
stream crossed by the road, the general direction 
by the dotted line cd. In a railway, and sometimes in a common 
road or a canal, such a deviation from the straight line of direction is 
inadmissible, and it therefore becomes necessary to build the bridge 
obliquely, as represented in the plan, fig. 2. Where and neatness 
do not require to be considered, an eblique arcicieae Oo 


In esa a road or railway 
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span so wide as to allow the stream to pass under it without being 
diverted; or by building the arch square with the stream, and of 


sufficient length to allow the upper passage to take an oblique course 
over it; but either of these is a clumsy expedient, although well 
adapted for some situations. The arches or tunnels by which the 
North-Western railway is conducted under the Ham Road and 
Park Street, near the London terminus, are instances of the latter kind 
of construction ; the length of the arches being such that they present 
faces square with the line of railway, notwithstanding the oblique 
direction of the roads over them. A similar case occurs at Denbigh 
Hall, on the same line, where the railway crosses over the London and 
Holyhead road at such an angle that the difference of direction is only 
25°. In this case a long gallery is constructed under the railway, con- 
sisting of iron ribs or girders, resting upon walls built parallel with the 
turnfike road; the ribs, and consequently the faces of the bridge, 
being at right angles with it. This gallery is about two hundred feet 
jong and thirty-four feet wide; and by its adoption, the necessity of 

ilding an oblique arch of eighty feet span was avoided. e 
necessity of increasing the span of an arch according to its-degree of 
rap ond | which the expense and difficulty are materially increased, 
is illustrated by jig. 3, the ground-plan of an oblique arch across a 


stream a 6. Here it is evident that ¢ g is the actual span of the arch ; 
although ¢d, the breadth of the stream, would be the span of a straight 
arch, leaving the same width of passage underneath. 

Very little is known respecting the origin of skew-bridges. It has 
been re asserted that those built by George Stephenson on the 
Liv 1 and chester railway were the first erections of the kind ; 
but this is certainly incorrect, there being some of earlier date even in 
Lancashire. A paper in the ‘ Transactions of the Institution of Civil 
Engineers,’ vol i., p. 185, alludes to an oblique arch erected about the 
year 1530 by Nicold, called “11 Tribolo,” over the river Mugnone, 
near Porta Sangallo, at Florence. It appears however that the 
principle upon which such bridges should be constructed was too little 
understood to render an attempt at constructing them on a large scale 
advisable. The next information the writer has met with on the 
subject is contained in the article ‘ Oblique Arches,’ in Rees’s ‘ Cyclo- 

ia ;’ an article which appears to have escaped the notice of modern 
writers on this branch of engineering science. It is written by an 
engineer named man, who mentions oblique bridges as being in 
use prior to 1787, when he introduced a great improvement in their 
construction. Down to that time, as far as he was informed, such 
bridges had always been built in the same bn as common square 
arches, the voussvirs being laid in courses parallel with the abutments. 
How very defective such an arch would be may be seen by reference 
to jig. 3,in which lines are drawn to indicate the direction of the 
courses. It is evident that here the portion ed fe is the only part of 
the arch supported by the abutments ; the triangular portions cdg and 
efh being sustained merely by the mortar, aided by being bonded 
with the rest of the masonry. This plan could therefore only be 
adopted for bridges of very slight obliquity, and even then with con- 
siderable risk. About the time mentioned above, Mr. Chapman was 
employed as engineer to the Kildare canal, a branch from the Grand 
Canal of Ireland to the town of Naas, on which it was desired to avoid 
diverting certain roads which had to be crossed. He was therefore 
led to look for some method of constructing oblique arches upon a 
sound principle, of which he considered that the leading feature must 
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be that the joints of the voussoirs, whether of brick or stone, should | railway. The Jolly Sailor bridge, which crosses over this line near 
be lar with the abutment, instead of being lel with the i 


face of the arch. Thus the courses, instead of the direction 
shown in fy. 3, were laid in the manner indicated in jig. 4. One of 


the first bridges built on this plan, the Finlay bridge, near Naas, 
crossed the canal at an angle of only 39°; the oblique span being 25 
feet, and the height of the arch 5 feet 6inches. Mr. Chapman observes 
the lines on which the beds of the voussoirs lie are obviously 
spiral ines, and to this circumstance may be attributed much of the 
singular appearance of oblique arches. The Finlay bridge stood well, 
but the ingenious designer did not think it prudent in any other case 
to ayes so great a degree of obliquity, although he built several 
other bridges on the same principle, over the Grand Canal in Ireland, 
and over some wide drains in the East Riding of Yorkshire. He 
recommends carrying up the masonry as equally as possible from each 
abutment, in order to avoid unequal strains on the centering. 

On the Liverpool and Manchester railway, out of rather more than 
sixty bridges, about one-fourth were built on the skew ; one, built of 
stone, conducting the turnpike-road across the line at Rainhill, being 
at an angle of only 34°, by which the width of span is increased from 
30 feet, the width of the railway from wall to wall, to 54 feet, the width 
on the oblique face of the arch. Skew-bridges have since become very 
commion, and some have been erected of even greater obliquity. That 
at Box-moor, on the London and North-Western railway, was for lon 
unrivalled for obliquity by any other brick arch. Its angle is 32°, 


the square span 21 feet, and the oblique span 39 feet. are also 
brick arches of great obliquity on the Greenwich and Blackwall rail- 
or but with their precise angles we are unacquainted ; on the Paris 
an railway there is a skew-bridge of brickwork With stone 


bond courses of 28° of obliquity. 

From Mr. Buck's treatise on oblique bridges, it appears that the 
difficulty of building skew-bridges increases with the obliquity of the 
angle from 90° to 45°, which is supposed to be the most hazardous 
angle for a semicircular arch ; but that beyond that point, instead of 
increasing, it rather diminishes to about 25°, which appears to be about 
the natural limit for a semi-cylindrical arch. Mr. Buck, whose ex- 
perience renders his opinion highly valuable, considers that oblique 
arches of the elliptical form should not be attempted, as they are 
deficient in stability, more difficult to execute, and more expensive 
than semicircular or segmental arches. 

The construction of skew-bridges of iron or timber is comparatively 
simple, the ribs or girders of which such bridges are composed being 
of the usual construction, laid parallel with each other, but the end of 
each being in advance of that next preceding it. Fig. 5 represents the 


Fig. 5. 


i 


-plan of such a bridge, the dotted lines indicating the situation 
the ribs upon which the platform is sup . The extraordinary 
bridge by which the Manchester and ingham railway is con- 
over Fairfield-street, Manchester, at an angle of only 244°, is a 
example of this kind of skew-bridge. It consists of six ribs, of 
more than 128 feet span, although the width of the street is 
feet, resting upon very massive abutments of masonry. The 
ight of iron in this bridge, which is considered to be one of 
est iron arches ever built, is 540 tons, It was erected from the 
of Mr. Buck, who has constructed several other oblique bridges 
size and very acute angles. Timber bridges, formed of trussed 
girders, are built on the same principle. One of very great 
ity, on the Sechill railway, is re nted in the second series of 
way Practice.’ A somewhat similar mode of constructing 

Leiareoch wes introduced by Mr. Gibbs on the Croydon 
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Norwood, consisted hs 4 of four separate ribs of bri k 
each forming an elliptical of 50 feet span, witha versed sine 
12 feet 6 inches, supporting a flat viaduct of Yorkshire flagstones, 
Each of these ribs, which were three feet wide on the transverse face, 
was built square, so that the brickwork was of the simplest kind; 
but by making the respective abutments project r 

g to the oblique direction of the railway, the ribs, taken 
collectively formed a skew-arch. In a erected by Mr, Wood- 
house on the line of the Midland Counties railway, the same principle 
is adopted, but the ribs are placed close together, so that no platform 
of ee mes is required. 

KIN, 
described in this work under their particular names. In this 
shall supply an arrangement of them, and a description of those which 
are not described under special heads, The follo 
that adopted by Rayer in his work on diseases of the _ 


Class I. INFLAMMATION OF THE SKIN. : : 

Order 1. Exanthematous.—Rubeola, Roseola, Scarlatina, Urticaria, 

thema, Erysipelas. «a 
rdér 2. Bullous.— Vesication, Ampulle, Foxighleas, Bits, Zona. 

Order 3. Vesiculous.—Herpes, Psora, 

Order 4. Pustulous.—Varicella, 
thyma, Cuperosa or Acne, Mentagra, Impetigo, Tinea, 
pustules, 

Order 5. Fickesiegey Ramey tabs Anthrax. 

Order 6. Papulous.—Strophulus, Lichen, Prurigo. 

Order 7. Tuberculous —Lupus, Cancer, Elephantiasis of the Greeks. 

Order 8. Squamous.—Lepra, Psoriasis, Pityriasis [Scurr]. 

Ona 18. “Ganpieaen Malign pustules, Carbuncle of plague. 

er 10. Gangrenous.—Malign pustules, une ; 
Order 11. Multiform.—Burns, Frost-bite, Syphilitic eruptions. 


Class II. Curanzous anp SupcutTaNrous CONGESTIONS, AND 
* H#MORRHAGES. 


osis, Vibices, Petechi, i ica, 5 
Rien ~ Vibices, Purpura Hemorrhagica, Ecchymosis, 


Class III, Nervous Diseases or THE Sxrv. 


without appreciable alteration in the texture of this membrane. 


Class IV. ALTERATIONS IN THE CoLoUR oF THE SKIN. 
Order 1. Decoloration.—Leucopathia, partial, general; Chlorosis. 
Order 2. Accidental Colorations.—Ephelis, Lentigo, Chloasma, 
dermis, Icterus, Neevus maculosus, Argentism. 


. ' Class V. Mors Srcretions. 
Ephidrosis, Acne, Folliculous Tumours. 


Class VI. Derecrs oy ConrorMATION AND TEXTURE. 


Distention of the Skin, Cicatrices, Vegetations, Nevus hamatodes, 
Subcutaneous vascular tumours, warts, pearly granulations; Corns, 
Ichthyosis, Horny appendages. 

Diseases of the are very numerous and prevalent, but in the 
case of the majority which occur var ace from the neglect of some 
of the conditions necessary for the health of the skin. These con- 
ditions in general are, good pobeisiyes nope should be perly 

igested ; a due amount of warm clothing, ially during 
and cold weather; constant and regular 


part of the body, without which and the occasio: 
vain to expect to be free from many forms of skin 
The following are the diseases which appear to demand further 
notice :— yi 
Eczema, Heat-eruption, is an inflammation of the skin, characterised 
at the outset by small non-contagious vesicles, the fluid of which is 


use of soap 
disease. 


vesicles be only few, and the surrounding skin 
sad occas toa very limited surface, or the vesi 


tendency to inflammatory action in the skin « a 
pustules instead of vesicles. Such are the characters 
of eczema usually described by writers on diseases of the skin.—F, 
solaris, B. rubrum, EB. impetiginoides. Eczema is more likely to be con- 
founded with itch than any other disease, from which it may be dis- 
tinguished by its non-contagiousness and the very different parts of 
the tegumentary system which it occupies. 

There is a form of eczema which comes on from the exhibition of 
mercury and the external application of other medicines, and which 


rays of the sun, or from some general disturbance of ali 


frequently arises from the carelessness of the person attacked, which is 
called 2, mercuriale. , 


beyond each other — 


DISEASES OF. Most of the diseases of the ania ae 


arrangement is _ 


Vv Se voaae Vaccinella, Be 


Exaltation, Diminution, Abolition of the sensibility of the skin, 


exercise, so as to keep the 
skin as an excretory organ in perfect order ; and daily ablution of every 
i it 
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pted to the exvews apih: have 
uced it. ing to the general state of h person 
prhere o2 does an be either acute or chronic. Slight cases of 
acute eczema require only a simple treatment; a light diet, saline pur- 
, and cooling or emollient applications to the part being all that 
required. In some cases the inflammation is great and the pain 
intense, and where this occurs bleeding and a more active general 
treatment should be had recourse to. ic eczema is much more 
difficult to treat. The general health demands attention, and altera- 
tives and tonics, according to circumstances, are demanded. Astringent 
lotions and ointments, such as the preparations of silver, zinc, alum, 
&c., may be used; sulphurous baths, and various mineral waters have 
also been recommended in old chronic cases of this disease. The 
tincture of cantharides and the preparations of arsenic have also been 
ee oe sheen forms of eczema. 
iharia (Febris miliaris, Miliary Eruption) is also a vesiculous disease 
of the skin, and is described as contagious. It is accompanied with 
inflammation of the gastro-intestinal mucous membrane, and is accom- 
ied by profuse sweating. Miliaria as an epidemic and independent 
i is only seen between the 43rd and 49th degrees of latitude, and 
its existence has been doubted by some nosologists. It frequently 
accompanies other diseases, and retires with the cessation of the disease 
which it attends. Wy ban Sip demes Soevenmsanpin’ 14 6.stigps i) requires 
little treatment. Gentle purgatives and demulcents will be found 


sufficient. In the epidemic form, however, it is often a formidable 


children that are of a delicate constitution, and weakened by 
i y Hable to it, and it comes 


(Pustulous Scale) is a non-con us inflammation charac- 

raised upon a circular base of a bright 

red colour. pustules are of the largest size, the phlyzacia of 
Willan, so that ecthyma bears the same relation to pustular diseases 
that rupia does to vesicular ones. In some stages in fact it is difficult 
to distinguish one of these diseases from another, Willan describes 
four varieties of ecthyma, but Rayer recognises but two, acute ecthyma 
chronic ecthyma. Acute ecthyma is a comparatively rare disease ; 


gree. sepa on the neck and shoulders, and runs its course in 
a days. This form requires little treatment; light diet, diluent 
drinks, mild purgatives, and warm or cold applications to the part will 


In chronic ecthyma the same kind of pustules appear, which dis- 
charge their contents in the course of two or three days, leaving behind 
ere yen eoberent exvete, iin eometiones fall off, leaving an 
disease comes in 

tly a 


diet, change 
of air, and sea-bathing are more beneficial than the opposite kind of 
treatment. 


Acne (Gutta rosacea, Rose-drop) is a chronic inflammation of the 
i pustules surrounded by 
generally observed on the 
cheeks, nose, and forehead, and sometimes on the ears and neck, The 
pore are sometimes , constituting the simple form of the 
i ; at other times they become hardened and the whole skin 
becomes red, when the disease has different designations. This disease 
the oil-tubes, and arises from an obstruction to the 
their functions, which produces inflammation. The 
face are very liable to obstruction from exposure 
and may be frequently observed tipped 
when they give out a quantity 
secretion in the form of a little maggot. They were 


ing cause of acne. . 
treatment of acne, regard must be had to the general health. 
It is frequently connected with a diseased state of an gpite-tntes- 
tinal mucous system, which requires attention. Where it is connected 
Bi ee SAE Brome 0 tapi grow, cn wih S Semionans Seats: 
tonics and alteratives wi! ere bahing sao Sree eee 
be of service. As external applications, preparations of 


copper, zinc, and mercury, have been found most efficient. Where the 
is much swelled and inflamed, fomentations will be of service pre- 
vious to the use of the astringents. ‘ 

Lichen is a papulous disease, characterised by the simultaneous or 
successive eruptions of red itching pimples, scattered or disposed in 
groups over the whole body. It is in the adult what Strophulus is in 
the child. 

Lupus is a disease of the skin which, although it usually attacks 
the face, may appear on any other part of the body. It is generally 
attended with inflammatory action and with more or less enlarge- 
ment of the parts suanekek. It terminates in ulceration, which on 

t of its tendency to destroy the tissues which it attacks has got 
for this disease the name of “wolf.” The ulcer is also called the 
“ rodent ulcer,” and the term noli me tangere has been applied to it, 
The disease may be superficial or it may penetrate more or less 
deeply, destroying whatever tissues it ati There is no doubt 
about the resemblance of this disease to cancer, especially that form 
called epithelial. It is, nevertheless, so strongly separated that it 
would be utterly inconsistent with the present knowledge of the 
nature of cancer to re; it as originating in the same state of the 
a [Cancer.] The condition of the system and the nature of 

e ulceration rather point to the scrofulous diathesis as the originator 
of this disease. ‘ 

In lupus no pathological elements can be discovered resembling 
those of cancer. If removed it does not recur, and there is no ten- 
dency to the production of the same disease in the lymphatics as in 
cancer. It is therefore a much less formidable disease. Nevertheless, 
the of the ulceration in many cases of lupus is sufficiently 
alarming and demands constant attention. 

The treatment must be both local and general. In the local treat- 
ment removal by the knife is mostly out of the question, on account 
of the extent of surface involved. According to the tendency exhibited 
by the ulceration to spread a severe or mild system of cauterisation 
should be pursued. Sometimes the application of sulphate or acetate 
of zine or nitrate of silver is sufficient to stimulate the parts to 
assume a healthy action ; whilst at others more violent applications, as 
the chloride of zine-and tannic, nitric, or hydrochloric acius, are to be 
recommended. General treatment is frequently very eificacious, and 
this ing to circumstances. In cases of tuberculosis of the 
system cod liver oil and quining and iron may be used with advantage. 
In another set of cases arsenic has been found efficacious, whilst 
perhaps a number are benefited by preparations of iodine, 

SKIN-D. ING. [LearHer Manoractore.] 

SKY is the name commonly applied to the infinite space which 
surrounds the earth, and of which the visible portion, above the 
horizon of a spectator on any part of the earth’s surface, appears to 
have the form of « concave segment less than a hemisphere. 

The earth is surrounded by the atmosphere, which is charged with 
vapours and terrestrial particles; and by the reflections which, in con- 
sequence, the rays of light experience in passing to the spectator, and 
the aboorpen which they undergo in their long transit of the atmo- 
sphere when the sun is near the horizon, the sky assumes the variously- 
coloured tints under which it is seen. 

It is known from many experiments that pure air is devoid of colour ; 
and the observations of M. de Saussure (‘ Voyages dans les Alpes,’ 
tom. 4, p. 289) have established the fact, that, in an atmosphere free 
from vapours, such objects as mountains covered with snow, when 


seen by a spectator at a distance of 20 or 30 leagues from them, by 
light which is merely transmitted through the air, appear to be white: 
the same philosopher has observed, however, that at times when the 
sun is seen to set behind a mountain so covered, the blue rays reflected 
from the sky to the mountain, and from thence to the Epes cause 
the mountain to assume a blue colour, the other light with which 
the mountain is illuminated not being strong enough to overpower 
the blue reflected rays. 

When the sun has considerable elevation, the rays of light which pass 
through the earth’s atmosphere almost perpendicularly to its surface, 
undergo scarcely any change of direction; but, with respect to the 
light from the sun which enters obliquely into the atmosphere, the 
violet and blue rays are partially arrested in their course, and are re- 
flected in abundance to the earth; they thus, when the atmosphere is 
nearly free from clouds, give to the parts of the sky which are remote 
from the apparent of the sun an azure tint. 

The blue colour of the sky about the zenith increases in proportion 
as the sun is nearer the horizon; and, at the same time, the blue rays 
in the beams of light which traverse the atmosphere in directions 
nearly parallel to the horizon are absorbed, so that it is chiefly those 
of less refrangibility, such as the yellow and the red, that arrive at 
the eye of the spectator: in quence of this the sky near the 
horizon, on the side which is towards the sun, appears to be highly 
tinted with those colours. 

Many of the blue rays, after reflection from the upper parts of the 
atmosphere, are, however, absorbed in passing down to the earth; 
and further, it seems probable that in that portion of the reflection 
which takes place at a great elevation the blue rays are reflected in 
larger proportion compared with other colours than lower down; 
and hence it is that the blue tint of the is found to increase in 
intensity as the spectator ascends above general surface of the 
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earth, On the top of high mountains, or in balloons at great eleva- 
tions, the proportion of blue rays which, after reflection in the atmo- 
sphere. enter as era is very great ; and the blueness at length becomes 
a deep black ground on which the stars appear to shine at all times 
with as much lustre as at ame exdog the earth, during the absence of 
themoon. It is hence evident if it were not for the innumerable 
reflections of the light from the sun or moon, which take place in the 
atmosphere, total darkness would prevail from the instant of sun-set 
to that of sun-rise; and even during the day, darkness would ensue, 
so that the stars would become visible, every time that the sun is 
obscured by a cloud of sufficient density. 

That the blue tint of the sky is caused by light reflected in the 
atmosphere, is abundantly evident from the fact that the light of the 

is found to be polarized, this quality in light being a result of its 

ection. Sir David Brewster, who first made the observation, has 
moreover ascertained that the light of the sky consists of two parts, 
one blue and the other nearly without colour ; and he discovered that 
these lights are polarized in different directions. (‘Treatise on New 
Philosophical Instruments,’ p. 349.) 

The hypothesis that the azure colour of the sky is caused by re- 
flections of blue rays, was at one time objected to on the ground that 
the shadows of vpaque objects, placed on white paper and exposed to 
the sun's light, should always appear to be blue, since the part of the 

which is in shadow can only be visible by the light of the sky 
Phected from thence. This phenomenon is, in fact, frequently 
observed ; but M. de Saussure, while admitting that he has often per- 
ceived the shadows of objects to be bluish in the mornings and 
évenings on the general surface of the earth, states that in Alpine 
regions, where the sky is intensely blue, the shadows of objects never 
appear to be so: he adds that, of fifty-nine observations made for the 
of ascertaining the colours of shadows on the mountains, 
irty-four showed them to be a pale viclet, eighteen showed them to 
be k, six a pale blue, and once they appeared to be yellowish. It 
may be inf , therefore, that shadows cast by opaque objects are 
so much affected by the colours of the neighbouring objects that a 
right judgment can scarcely be formed of the colour which they 
receive from the light of the sky. [Accrpentat CoLours.] To the 
like interference must be ascribed the variously-coloured shadows 
which were observed by M. Bouguer (‘ Essai d'Optique ;' and M. 
Buffon, * Mémoires de I'Académie des Sciences,’ 1743.) 

Between the tropics the transparency of the atmosphere is far 
greater than it is, in general, in regions beyond them towards the north 
or south; hence the sky there is almost always serene and intensel 
blue, while the clouds near the setting sun are brightly tinted with 
the prismatic colours. The skies of the south of Europe and some 

of North America are distinguished for their serenity and 
uty; but, in these respects, they are said to be inferior to the 
skies over the islands in the Pacific. Ocean. 

For the description of an instrument invented in order to measure 
the intensity of the blue colour in the sky, see CYANOMETER. 

SKYLIGHT. In the arts, the word skyli: At is sometimes used to 
express the frame or the window by which the direct light from the 
upper regions of the atmosphere is allowed to enter a rvom ; at other 
times, and ially in cases connected with architectural jurispru- 
dence, skylight is understood to mean the view of a portion of the 
atmosphere itself, or, in other words, an uninterrupted view of the 
portion of space to which a house proprietor is entitled. In this 
notice. attention will principally be directed to the former meaning of 
the word ; for the latter meaning, and the various conditions attaching 
to it. see the articles Easement, and Licuts, ANCIENT. : 

lights, in the ordinary sense. am Be divided into those which 
are p in the roof or covering of the building, and into those which 
are placed in lanterns rising above the line of the roof; the former 
transmitting the light directly, the latter by means of vertical openings 
in their sides. In some cases. also, a building may be lighted by means 
of inclined skylights on the respective sides of the inclined roof over 
the flat ceiling of the room, and by a horizontal skylight in that ceiling; 
or, in other words, by a double skylight, as at the Madeleine at Paris ; 
and in the enormous rooms of the spinning-factories a species of 
es (toe lantern skylight is used, in which one vertical glazed side 
and three obscure sides of a half pyramid are introduced. Small 
vertical windows, or, as they are technically called, “ dormers,” are 
occasionally used for the purpose of lighting domical or other buildings 
from the sky; but, strictl 7 yrenking: they must come under the cate- 
of windows. The of the Middle Temple of London, the 
e of St. Paul's, and the Law Courts at Westminster, are illus- 
trations of the use of lantern lights; the Pantheon at Rome. and the 
oole aby’ th ag — Se ee: illustrations of the use of 
imple ts; the other classes o! ights are princi used in 
commercial or manufacturing stablishensots; Sivan the double 
ones are susceptible of being treated so as to produce very striking 
architectural effects. In medieval structures, such as Westminster 
Hall, a portion of the light is obtained from the sky by means of 
dormers ; but clerestory windows are much more frequently resorted 
to in the buildi of this period, when all the light cannot be 
obtained from the lower side walls. 

The practical advantages of the respective kinds of ber 

le 


its seem to 
be as follows :—In lantern lights, it is easy to pto 


r effecting 


SLANDER. 
ventilation at the same time and by the same means as those used 
for the admission of light. The windows in these cases are on the 


vertical sides of the lantern, and the is covered an opaque 
roof, usually formed of ae ee! ucting materi any con- 
densation of moisture from the internal atmosphere takes under 


thence be easily removed. Skylights placed on the slope or at the 
of a roof are exposed to considerable inconvenience from the ptm 


should occur whilst water is there, it is very 
expansion of the water passing into ice may the glass. The 
introduction, by Sir J. Paxton, of the ridge and furrow system, has 


light more equally over 
the areas they serve than lights let into the sides of the roof, but not 
more so than central ts, such as those of the Pantheon; and 
for this reason it seems that, in sculpture galleries lighted from 
above, it would be ferable to introduce lanterns; whilst in picture 
galleries plane skyli 
ee provided always that they do not receive the direct rays 
of the sun. 

There are, indeed, few positions in which it is desirable to admit the 
sun’s rays in rooms lighted from above; and wherever it is possible so 
to do, the light should be admitted from the north exclusively, because 
the glare and the reflection of the sun’s rays affects the purity of colour 


of the objects exposed to them. In factories, and in show rooms, this. 


law of excluding the direct sun's rays is carefully observed, and the 
skylights formed over them are usually made of the form above 
described ; that is to say, as a section of a square pyramid, receiving 
light from its base which faces the north, The proportion of the 
surface for the transmission of light to the opaque part of the ceiling 


should be at least as 1:20; for in the Pantheon the diameter of the 


rotunda is about 141 feet, and that of the central light-is 30 feet (or 
in the ratio of their areas as 1 to 22 nearly), and the light in that 
building would not be sufficient for the ig. ec of commerce or of 


manufacture. The height of the room will, however, affect this con-_ 


sideration ; for the pencil of rays admitted through the skylight must 
be able to reach every portion of the inclosed area, and in a well-lighted 
room there should be no necessity for trusting wo reflected rays, In 
igh Pantheon, a 0 eg the floor bn we under side of the sky- 
ight is precisely equal to the diameter e rotunda; and Fontana, 
in his ‘ Benechtioas del Tempio Vaticano,’ states that an examination of 
the most important buildings lighted by lanterns showed that the best 
proportions of the diameters of those structures to the diameters of 
the cupolas on which they rested were as 1 to 6, and that the heis 
of such lanterns should be equal to half the diameter of the cupola ; 


the whole of this height is not, however, devoted to the glazed part of © 


the structure, 

SLAKED LIME. [Catcrvm.] 

SLANDER consists in the malicious speaking of such words as 
render the party who them in the hearing of others liable to 
an action at the suit of the party to whom they apply. The mere 
re of the defamatory words instead of the writing of them is 

which constitutes the difference between libel and slander, 


Luwet.] 
: Slander is of two kinds: one, which is actionable, as necessarily 
importing some general to the who is slandered; the 
other, which is only actionable where it has actually caused some 
special damage. he first kind includes all such words as impute to 
a y the commission of some crime or misdemeanor for which he 
might legally be convicted and suffer punishment, as where one asserts 
that another has committed treason, or felony, or perjury. It also 
includes such words spoken of a party, with reference to his 
abecraze or trade, as impute to him malpractice, incompetence, or 
nkruptey ; as of a magistrate, that he is partial, or corrupt; of a 
cle , that “ he preaches lies in the pulpit ;” of a barrister, that 
“he is a dunce, and will get nothing by the law ;” and so on: or that 
tend to the disherison of a pabty,ss while said of one who holds 
lands by descent, that he is illegitimate. Where a party is in posses- 
sion of lands which he desires to sell, he may maintain an 


ts on the slopes of the roof are the most .— 
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spoken, a has actually sustained some injury, he may maintain 
an action of against the person who has uttered them. In 
such case the injury must be some certain actual loss, and it must 
also arise as a natural and lawful consequence of speaking the words. 
No unlawful act done by a third person, altiiough he really was 
moved to do it by the words spoken, is such an injury as a party can 
recover for in this action. Thus, the loss of the society and entertain- 
ment of friends, of an appointment to some office, the breach of a 
marriage engagement caused by the slanderer’s statement, are injuries 
for which a party may recover damages. But he can have no action 
because in consequence of such statement certain , to use an 
illustration of Lord Ellenborough’s, “ have thrown him into a horse- 
pond by way of punishment for his supposed transgression.” 

With phage to both kinds of slander, it is immaterial in what way 
the charge is conveyed, whether by direct statement, or obliquely, as 
by question, epithet, or exclamation. 

Two cannot join in bringing one action of slander, except in the 
case of husband and wife, or of partners for an injury done to their 
joint trade; nor can an action be brought against two, except a 

and wife, where slanderous words have been spoken by the 
wife. 


Tn answer to an action of slander the defendant may plead that the 
words spoken 


the subject of a confidential communication, as where a party on 


of a servant, or makes known facts merely for the pt 98 
of honestly warning another in whom he is interested. (Com., Dig., 
* Action on the Case for Defamation,’ D. 1, &c.) 

SLATE-WORKING. Referring to Stare, in Nar. Hist. Drv., for 
an account of the geological formation and structure of this valuable 
ee oe en ening Se pened working 

The quarrying of slate is comparatively easy, seeing that the lamel- 
lated structure enables the ae ieee to the easily eed are = 
usual are adopted for sawing smoothing the slabs; but 
Mupedted tinchines for these have been introduced within 

years. One machine has been invented for hollowing out 

thick blocks of into sinks and vessels, by means of cutters screwed 
to the ends of revolving shafts. By the use of peculiar tools, slate is 
now turned i the lathe. Mr. Mathews’s us for cutting and 
dressing slate consists of a frame, provided witli arms, cutters, levers, 
toothed wheels. &c., in such a way that the cutters may be raised by a 
lever, and let fall with a sudden blow ; and this in such a manner as to 
the slate either into plain or fancy surfaces. Ordinary slate 
polished like other kinds of hard stone; it is 


. 


cannot very well be 

bbed smooth with an iron plate, sand, or gritstoue, and water. 

ithin the last quarter of a century, there has been a tendency to use 
y purposes for which other substances used to be em- 
ployed. The slate top of a billiard table is perhaps the best kind of 
work in this material. The best tables measure 12 feet by 6 feet; the 
top consists of four slabs of slate 6 feet by 3 feet, and one inch thick, 
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of slate. Some of them are made to slide in wooden tubee or holders, 
by a propelling apparatus similar in character to that of certain of the 
ever-pointed ils Artificial slate ils have been introduced, 


penci 
made of a mixture of alumina, French 
largest slate quarries in the United-Kingdom are the Penrhyn, 
to Colonel Pennant. These are briefly noticed under Bancor, 

in Geoo. Drv. 

M. Raphael Carmana has recently proposed the use* of slate as a 
substitute for box-wood in wood engraving. He states that it is easily 
penetrated by the graver; that the finest lines are ucible ; and 
that slate is more durable than box under the action of the printing- 


press. 

SLAVE, SLAVERY, SLAVE-TRADE. The word slavery has 
various ons, but its complete meaning is the condition of an 
individual who is ae 
condition of the “ ;” or slaves among the Romans and Greeks ; 
such is = that of the non in eon countries, and that of the 
negro slaves in many parts of Africa and America. A mitigated form 
of this condition re 


to be abolished ; and still exists among a similar class i 


lk, and soapstone. 


India and 
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sold away from it without his consent; he is obliged to work 
r days a-week for his master, who allows him a piece of 
’ which 


this d th His lif pin boom on weve 
at ea! is life w. 
Tiiiiess ant Toman nations had nana atimiorte ene 
any more than the negro slave of our own times; he was bought 
in the market, and was transferred at his owner's pleasure ; 
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of another or others, Such was the- 


he could acquire no property ; all that he had was his master’s; all 
the produce of his labour belonged to his master, who could inflict 
corporeal punishment upon him; he could not marry; and if he 
cohabited with a woman, he could be separated from her and his 
children at any time, and the woman and children sold. The distine- 
tion therefore between the slave and the serf is essential. The villeins 
(villani) of the middle ages were a kind of serfs, but their condition 
seems to have varied considerably according to times and localities, 
In the present article we treat only of the real slave of ancient and 
modern times. F 

Slavery, properly so called, appears to have been, from the earliest 
ages, the condition of a large proportion of mankind in almost every 
country, until times comparatively recent, when it has been gradually 
abolished by all Christian states, at least in Europe. The condition 
of slavery constitutes one great difference between ancient and modern 
society. Slavery existed among the Jews; it existed before Moses, in 
the time of the Patriarchs ; and it existed, and still continues to exist, 
in many parts of Asia. The “servants” mentioned in Scripture 
history were mostly slaves : they were strangers, either taken prisoners 
in war or purchased from the neighbouring nations. They and their 
offspring were the property of their masters, who could sell them, and 
inflict upon them corporeal punishment, and even in some cases put 
them to death. But the Hebrews had also slaves of their own 
nation. These were men who sold themselves through poverty, or 
they were insolvent debtors, or men who had committed a theft, and 
had not the means of making restitution as required by the law, which 
was to double the amount, and in some cases much more. (Exod. 
xxii.) Not only the person of the debtor was liable to the claims of 
the creditor, but his right extended also to the debtor’s wife and 
children. Moses regulated the condition of slavery. He drew a wide 
distinction between the alien slave and the native servant. The latter 
could not be a perpetual bondman, but might be redeemed; and if 
not redeemed, he became free on the completion of che seventh year 
of his servitude. Again, every fifty years the jubilee caused a general 
emancipation of all native servants. 

The sources of the supply of slaves have been the same both in 
ancient and modern times. In ancient times all prisoners were 
reduced to slavery, being either distributed among the officers and 
men of the conquering army, or sold. When the erly olian and 
Ionian coloni ttled in the islands of the Sea, and on the 
coast of Asia Minor, it was a frequent practice with them to kill the 
adult males of the aboriginal population, and to keep the women and 
children. As, however, dealing in slaves became a profitable trade, 
the vanquished, instead of being killed, were sold, and this was so far 
an improvement. Another source of slavery was the practice of kid- 
napping men and women, especially young persons, who were seized 
on the coast, or enticed on board by the crews of piratical vessels, 
The Phoonicians, and the Etruscans or Tyrrhenians, had the character 
of being men-stealers ; and also the -Cretans, Cilicians, Rhodians and 
other maritime states. Another source was, sale of men, either by 
themselves, through poverty and distress, or by their relatives aud 
superiors, as is done now by the pétty African chiefs, who sell not 
only their prisoners, but their own subjects, and even their children, 
to the slave-dealers. Herodotus (v. 6) states that some of the Thracian 
tribes suld their children to foreign dealers, 

Among the Greeks slavery existed from the heroic times, and the 
— and use of slaves are repeatedly mentioned by Homer. The 

urs of husbandry were performed in some instances by poor free- 
men for hire, but in most places, especially in the Doric states, by a 
class of bondmen, the descendants of the older inhabitants of the 
country, resembling the serfs of the middle ages, who lived upon and 
cultivated the lands which the conquering race had appropriated to 
themselves; they paid a rent to the respective proprietors, whom 
they also attended in war. They could not be put) to death without 
trial, nor be sold out of the country, nor separated from their families; 
they could acquire property, and were often richer than their masters. 
Such were the Clarote of Crete, the Peneste of Thessaly Proper, and 
the Helots of Sparta, who must not be confounded with the Periceci, 
or country inhabitants of Laconica in general, who were political sub- 
jects of the Doric community of 8 , without however being 

dmen. In the colonies of the Dorians beyond the limits of 
Greece, the condition of the conquered natives was often more 
degraded than that of the bondmen of the parent states, because the 
former were not Greeks, but barbarians, and they were reduced to 
the condition of slaves. Such was the case of the Kallirioi or Kalli- 
kurioi of Syracuse, and of the native Bithynians at Byzantium, At 
Heraclea in Pontus, the Mariandyni submitted to the Greeks on con- 
dition that they should not be sold beyond the borders, and that they 
should pay a fixed tribute to the ruling race. 

The Doric states of Greece had few purchased slaves, but Athens, 
Corinth, and other commercial states had a large number, who were 
mostly natives of barbarous countries, The slave population in Attica 
has been variously estimated as to numbers, and it varied of course 
considerably at different periods; but it appears that in Athens, at 
least in the time of its greatest power, they were much more numerous 
than the freemen. From a fragment of Hyperides preserved by Suidas 
(v. &éxeynploaro), the number of slaves ap to have been at one 
time 150,000, who were employed in the fields and mines of Attica 
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family, and some had more. We read of philoso keeping ten 
slaves. There were private slaves belonging to families, and public 
slaves belonging to the community or state. The latter were employed 
on board the fleet. in the docks and arsenal, and in the construction of 
* public buildings and roads. i 
Slaves were dealt with like any other property: they worked either 
on their master’s account or on their own, in which latter case they 
paid a certain sum to their master ; or ng Ae let out on hire as 
servants or workmen, or sent to serve in the navy of the state, the 
master receiving payment for their services. Mines were worked by 
slaves, some of an to the lessees of the mine, and the rest 
were hired from the t slave proprietors, to whom the lessees paid 
a rent of so much a , besides providing for the maintenance of 
the slave, which was no great matter. They worked in chains, and 
many of them died from the effect of the unwholesome atmosphere. 
Nicias the elder had 1000 slaves in the mines of Laurium ; others had 
several hundreds, whom they let to the contractors for an obolus a- 
day each. At one time the mining slaves of Attica murdered their 
guards, took possession of the fortifications of Sunium, and ravaged 
the surrounding country. (Fragment of Posidonius’s Continuation of 
Polybius; see Boeckh’s ‘Public Economy of Athens,’ b. i) The 
thirty-two or thirty-three iron-workers or sword-cutlers of Demos- 
thenes annually produced a net profit of thirty min, their purchase 
value being 190 minw; whilst his twenty chair-makers, whose value 
was estimated at 40 minw, brought in a net profit of 12 minx. 
(Demosthenes ‘ Against Aphobus,’ i.) 

The ancients were so habituated to the sight of slavery, that none of 
the Greek philosophers make any objection to its exist Plato, in 
his‘ Perfect State,’ desires only that no Greeks should be made slaves. 

The Etruscans and other ancient Italian nations had slaves, as is 
proved by those of Vulsinii revolting againt their masters, and by the 
tradition that the Bruttii were runaway slaves of the Lucanians. The 
Campanians had both slaves and gladiators previous to the Roman con- 
quest. But the Romans, by their system of continual war, caused an 
enormous influx of slaves into Italy, where the slave population at last 
nearly superseded the free labourers. 

The Roman system of slavery had peculiarities which distinguished 
it from that of Greece. The Greeks considered slavery to be founded 
on permanent diversities in the races of men. (Aristotle, ‘ Polit.,’ i. 5.) 
The Romans admitted in principle that all men were originally free 
(‘ Inatit.,’ i., tit. 2) by natural law (jure naturali), and they ascribed 
the power of masters over their slaves entirely to the will of society, to 
the “ jus gentium,” if the slaves were captives taken in war, whom the 
conquerors, instead of killing them, as they might have done, spared 
for the purpose of selling them, or to the “ jus civile,” when a man of 
full sold himself. 1t was a rule of Roman law, that the offspring 
of a slave woman followed the condition of the mother. (‘ Instit.,’ i, 
tit. 3.) Emancipation was much more frequent at Rome than in 
Greece: the emancipated slave became a freedman (libertus), but 
whether he became a Roman citizen, a Latinus, or a Dediticius, 
depended on circumstances, If the manumitted slave was above thirty 
years of age, if he was the Quiritarian property of his manumittor, and 
if he was manumitted in due form, he became a Rowan citizen. (Gaius, 
i.17.) At Athens, on the contrary, emancipation from the dominion 
of the master was seldom followed by the privileges of citizenship even 
to a limited extent, and these privileges could only be conferred by 
public authority. It is true, that at Rome, under the empire, from 
the enactment of the Lex Alia Sentia, in the time of Augustus, 
there were restrictions, in point of number, upon the master’s power of 
freeing his bondmen and raising them to the rank of Roman citizens ; 
still in every age there was a prospect to the slave of being able to 
obtain his freedum. 

Slaves were not considered members of the community: they had 
no rights, and were in most respects considered as things or chattels, 
‘They could neither sue nor be sued. When an alleged slave claimed 
his ireedom on the plea of unjust detention, he was obliged to have a 
free protector, to sue for him, until Justinian (' Code,’ vii., tit. 1, 7, 
* De adsertione tollenda’) dispensed with that formality. Slaves had 
no connubium, that is, they could not contract a Roman marriage; 
their union with a person of their own rank was styled contubernium ; 
and even the Christian church for several centuries did not declare the 
validity of slave marriages. At last the Emperor Basilius allowed 
slaves to marry and receive the blessing of the priest, and Alexius 
Comnenus renewed the permission As slaves had no connubium, 
they had not the parental power (patria ) over their offspring, 
no ties of blood were recognised among them, except with respect to 
inicest and ear which were considered as crimes by the law of 
nature. Though slaves were incapable of holding property, they were 
not tated from acquiring property, but what they did acquire 

0 to their masters. They were allowed to enjoy property as 
their own, . peculium ,” consisting sometimes of other rag but 
held it only by permission, and any legal proceedings connected with 


it could only be conducted in the name of the master, who was the 
only legal Until the latter period of the blic, slaves, 
and even were not admitted into the ranks of the army. In 


cases of urgent public danger, such as after the defeat of Canna, slaves 


They were not, however, denied the rites of burial, and numerous 
inscriptions attest that monuments were often erected to the mem 
of deceased slaves by their masters, their fellows, or friends, some 
which bear the letters D. M., “ Diis Manibus.” Slaves were often 
buried in the family burying pies of their masters. The “ sepulchre- 
tum ” or burial-vault of the slaves and freedinen of Augustus and his 
wife Livia, discovered in 1726 near the Via Appia, and which has been 
illustrated by Bianchini and Gori, and another in the same neighbour- 
hood also belonging to the household of the early Czsars, and contain- 
ing at least 3000 urns, with numerous inscriptions, which have been 
illustrated by Fabretti, throw much light upon the condition and 
domestic habits of Roman slaves in the service of great families. 

With regard to the classification and occupations of slaves, the first 
division was into public and private. Public slaves were those which 
belonged to the state or to public bodies, such as provinces, Seng 


collegia, decuriw, &c., or to the emperor in his sovereign ber pga t ie é 
or 4 


employed in public duties, and not attached to his househ 
estate. Public slaves were either derived from the share of captives 
taken in war which was reserved for the community or state, or were 
acquired by purchase and other civil process, Public slaves of an inf ; 
description were as rowers on board the fleet, or in the con-- 
struction and repair of roads and national buildings, Those of a 
superior description were employed as keepers of public < 
prisons, and other Property of the state, or to attend magistrates, 
priests, and other public officers, as watchmen, lictors, executioners, 
watermen, scavengers, &c. ; 
Private slaves were generally distributed into urban and rustic; the 
former served in the town houses, and the others in the country. Long 
lists of the different duties performed by slaves of each class are given 
by Pignorius, ‘ De Servis et eorum apud Veteres Ministeriis,’ Amster- 


dam, 1674; Popma, ‘De Uperis Servorum,’ ibid, 1672; and Blair,‘An ~ 


Inquiry into the State of Slavery amongst the Romans,’ Edinburgh, 
1833, which is a very useful little book. For all the necessities of 
domestic life, agriculture, and handicraft, and for all the imaginable 
luxuries of a refined and licentious people, there was a g 


denomination of slaves. sums were occasionally paid for slaves 


of certain peculiar kinds, some of which we should consider the least — 


useful. Eunuchs were always very dear. A “morio,” or fool, was 
sometimes sold for 20,000 nummi, or about 160/. Dwarfs and giants 
were also in great request. Marcus Sees Pee for a pair of b 
some youths 200 sestertia, or 160u/. Actors and actresses, and Br 
sold very dear, as well as females of great personal attractions who 
were likely to bring in great gains to their owners by prostitution. 
good cook was -valued at four talents, or 772/. Medical men, gram- 
marians, amanuenses, anagnoste, or readers, and short-hand writers, 
were in considerable request. ‘With regard to ordinary slaves, the 
price varied trom 50/. to 20/., according to their abilities and other cir- 
cumstances. After a victorious campaign, when thousands of captives 
were sold at once on the spot for the purpose of prize-money, to the 
slave-dealers who followed the armies, the price sank very low. Thus, 
in the camp of Lucullus in Pontus (Plutarch, ‘ Lucullus,’ c, 14) slaves 
were sold for four drachme, or two shillings and sevenpence, a head ; 
but the same slaves, if brought to the Roman market, wo fetch a 
much higher price. Home- slaves, distinguished by the name of 
“verne,” in contradistinction to “servi empti,” or “ hig ay! or imported 
slaves, were generally treated with greater indulgence by their masters 
in whose families they had been brought up; and they generally were 
considered of inferior value to the imported slaves, being considered as 
spoilt and troublesome. The number of slaves born in Roman families 
appears at all times to have been far inferior to that of the imported 

ves. : 4 

There was a brisk trade in slaves carried on from the coasts of 
Africa, the Euxine, Syria, and Asia Minor. The island of Delos was at 
one time a great mart for slaves, who were inrported thither by the 
Cilician pirates. (Strabo, p, 668, Casaub.) The Iilyrians procured nume- 
rous slaves for the Italian market, whom they bought or stole from the 
barbarous tribes in their neighbourhood. But the chief supply of 
slaves an etre from Asia and par ig y ailines to cue dala 
customary for indigent mts to eir chi to slay: 
Tantaale mere alee Ae tertiin cases condemned to slavery, like the 
galley-slaves of our own times, 

th law and custom forbade prisoners taken in civil wars, especially 
in Italy, to be dealt with as slaves; and this was one reason 
of the wholesale massacres of captives by Sulla and the Triumviri. In 
the war between the party of Otho and Vitellius, Antonius, who com- 
manded the army of the latter, having taken Cremona, ordered that 
none of the captives should be detained, upon which the soldiers began 
to kill those m4 were not privately ransomed by their friends, 

In the later period of the empire free-born persons of low condition 
were glad to secure a subsistence by labour on the estates of the great 
landowners, to which, after a continued residence for thirty years, they 
and their families became bound by a tacit agreement under the name 
of Coloni, Rustici, Adscriptitii, &e. The phrase “servi terre,” mie 
is applied to them, shows their connection with the soil. They cou 
marry, which slaves could not. Th they bear a considerable 
resemblance to the serfs and villeins ( 


) of the middle ages, yet 4 
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there are some important points of difference, and there is no evidence 
of any historical connection between the Coloni and Villani. The subject 
of the Coloni is discussed by Savigny, ‘ Ueber den Rémischen Colonat ; 
Zeitschrift fiir Geschicht. Rechtswissenschaft,’ vol. vi. 

The allowance of food for a slave appears to have been 
four Roman bushels, “ modii,” of corn, mostly “ far,” per month for 
country slaves, and one R libra or pound daily for those in town. 
Salt and oil were occasionally allowed, as well as weak wine. Neither 
meat nor vegetables formed part of their regular allowance ; but they 

according to seasons, fruit, such as figs, olives, apples, pears, &e. 
toate, Columella, and Varro.) Labourers and arti in the try 
were shut up at night in a house (* ergastulum ” ), in which each slave 
appears to have had a separate cell. Columella adverts to some dis- 
tinction between the um for ordinary labourers and that for 
ill-behaved slaves, soap tter was in vat shoe often ees Crore A ; 
but generally speaking the ergastula in the later times of the republic 
sud ender thie Satara appear to have been no better than prisons in 
which freemen were sometimes confined after being kidnapped. The 
men often worked in chains. The overseers of farms and herdsmen 
had separate cabins allotted to them. Slaves enjoyed relaxation from 
toil on certain festivities, such as the Saturnalia. 

The number of slaves possessed by the wealthy Romans was enor- 
mous. Some individuals are said to have possessed 10,000 slaves. 
Scaurus above 4000 domestic and as many rustic slaves. In 
the reign of Augustus, a freedman who had sustained great losses 
during the civil wars left 4116 slaves, besides other property. 

A master had, as a general rule, the power of manumitting his slave, 
and this he could effect in several Sum, by vindicta, census, or by 

y 


testamentum. The Lex A/lia Sentia,as mentioned, laid various 
restrictions on manumission. Among other things it prevented 
: under twenty of age from manumitting a slave except by 
the vindicta, and with the approbation of the consilium, which at 
Rome consisted of five senators and five Roman equites of legal 
(puberes), and in the provinces consisted of recuperatores, who 
were Roman citizens. (Gaius,i. 20,38.) The Lex Sentia also 
made all manumissions void which were effected to cheat creditors or 
of their rights. The Lex Furia Caninia, which was 
passed about a.p. 7, limited the whole number of slaves who could be 
ly ne araeny haz Bee pith dl Irae a eg teeter 
500 slaves, it determined by a scale the number that he could manu- 
mit. This lex only applied to manumission by testament. (Gaius, 
i. 42, &e. 

In the patties ages of the Republic, slaves were not very numerous, 
and were chiefly employed in household offices or as mechanics in-the 
towns. But after the conquests of Rome spread beyond the limits of 
the influx of captives was so great, and their price fell so low, 
they were looked upon as a cheap and easily renewed commodity, 
treated as such. The condition of the Roman slave, generally 
, became worse in the later ages of the republic; and many 
perors, even some of the worst of them, interfered on behalf 
. Augustus established courts for the trial of slaves who 

with serious offences, intending thus to sw arbi- 
ment by the masters, but the law was not obligatory 
to bring their slaves before the courts, and it was 
a law in the time of Claudius, a master who 
his sick or infirm slaves forfeited all right over them in the 
their recovery. The Lex Petronia, probably passed in the 
ugustus, or in the reign of Nero, prohibited masters from 
their slaves to fight with wild beasts, except with the con- 
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ergastula, or private prisons for the confinement of 
restrained Ph ohn from selling their slaves to 
gladiators, or to brothel-keepers, except as a punishment, 

sanction of a judge (judex) wasrequired. Antoninus 
law of Athenians by which the judge who 
satisfied of a being cruelly treated by his re 


to 
judge, however, 
ee eens eS prope Breed ts 
judicial interposition, Septimius Severus forbade the ble subjection 
to prostitution. The Christian 
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excommunication against owners i put to 
out the consent of the judge; and by affording asylum within 
ema 4 slaves from the anger of unmerciful masters. A law of 

L. authorised a slave who had taken refuge in a church to 
call for the ion of the judge, that he might proceed unmolested 
to his tribunal in order that his case might be investigated. - 
Christianity became the predominant religion in the Roman world, i 
exercised in various ways a beneficial influence upon the 


the slaves, without, however, interfering, at least for centuries, with 
the institution of slavery itself. Even the laws of the Christian 
emperors which abolished the master’s power of life and death over 
his slave were long evaded, Salvianus (‘De Gubernatione Dei,’ iv.) 
informs us that in the provinces of Gaul, in the 5th century, masters 
still fancied that they had a right to put their slaves to death. 
Macrobius (‘ Saturn.’, i, 11) makes one of his interlocutors, though 
a heathen, expatiate with great eloquence on the cruel and unjust 
treatment of slaves. In Spain, in the early period of the Visigothic 
kings, the practice of putting slaves to death still existed, for in the 
* Foro Judicum’ (b. vi., tit. 5) it is said that as some cruel masters in 
the impetuosity of their pride put to death their slaves without reason, 
it is enacted that a public and regular trial shall take place previous to 
their condemnation. Several laws and ecclesiastical canons forbade 
the sale of Christians as slaves to Jews or Saracens and other 
unbelievers. 

The northern tribes which invaded the Western empire had their 
own slaves, who were chiefly Slavonian captives, distinct from the 
slaves of the Romans or conquered inhabitants. In course of time, 
however, the various classes of slaves merged into one class, that of the 
“adscripti glebee,” or serfs of the middle ages, and the institution of 
Roman slavery in its unmitigated form became obliterated. The 
precise period of this change cannot be fixed; it took place at various 
times in different countries. Slaves were exported from Britain to the 
Continent in the Saxon period. Giraldus Cambrensis, William of 
Malmesbury, and others, accuse the Anglo-Saxons of selling their 
female servants and even their children to strangers, and especially to 
the Irish, and the practice continued even after the Norman conquest. 
In the canons of a council held at London, a.p. 1102, it is said, ‘* Let 
no one from henceforth presume to carry on that wicked traffic by 
which men in England have been hitherto sold like brute animals.” 
(Wilkin’s ‘ Concilia,’ i. p. 383.) 

But although the traffic in slaves ceased among the Christian 
nations of Europe, it continued to be carried on by the Venetians 
across the Mediterranean in the age of the Crusades, The Venetians 
supplied the markets of the Saracens with slaves purchased from the 
Slavonian tribes which bordered on the Adriatic. Besides, as personal 
slavery and the traffic in slaves continued in all Mohammedan countries, 
Christian captives taken by Mussulmans were sold in the markets of 
Asia and Northern Africa, and have continued to be sold till within 
our own times, when Christian slavery has been abolished in Barbary, 
Egypt, and the Ottoman empire, by the interference of the Christian 
powers, the emancipation of Greece, and the conquest of Algiers by 
the French. 

With the discovery of America, a new description of slavery and 
slave-trade arose. Christian nations purchased African negroes for the 
al snd of employing them in the mines and plantations of the New 

orld. The natives of America were too weak and tov indolent to 
undergo the hard work which their Spanish task-masters exacted of . 
them, and they died in great numbers, Las Casas, a Dominican, 
advocated with a vering energy before the court of Spain the 
cause of the American aborigines, and reprobated the system of the 
“repartimientos,” by which they were distributed in lots like cattle 
among their new masters. But it was necessary for the settlements to 
be made profitable in order to satisfy the conquerors, and it was 
suggested that from Africa, a more robust and active race than 
the American Indland, might be substituted for them. It was stated 
that an able-bodied negro could do as much work as four Indians. 
The Portuguese were at that time possessed of a great part of the 
coast of Africa, where they easily obtained by force or barter a con- 
siderable number of slaves. The trade in slaves among the nations of 
Africa had existed from time immemorial. It had been carried on in 
ancient times: the Garamantes used to supply the slave-dealers of 
Carthage, Cyrene, and Egypt with black slaves which they*brought 
from the interior. The demand for slaves by the Portuguese in the 
Atlantic harbours gave the trade a fresh direction. The petty chiefs 
of the interior made predatory incursions into each other's territories, 
and sold their captives, and sometimes their own subjects, to the 
European traders. The first were imported by the Portuguese 
from Africa to the West Indies in 1503, and in 1511 Ferdinand the 


lege for 25,000 ducats to some Genvese 

, regular slave-trade between Africa and 
America. As the Euro settlements in America increased and 
extended, the demand for slaves also increased; and all European 
nations who had colonies in America shared in the slave-trade. It is 
generally understood that the slaves of the Spaniards, especially in 
Continental America, were the best treated of all. But the negro 
slaves in Sipe were exactly in the same condition as the Roman 
slaves of old, being saleable, and punishable at the will of their owners 
Restrictions, however, were gradually introduced by the laws of the 
respective states, in order to protect the life of the negro slave against 
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the caprice or brutality of his owner. In the British colonies, 

ially in the latter part of the last century and the beginning of the 

nt, much was done by the legislature; courts were established to 
or ee complaints of the slaves, flogging of females was forbidden, 
the punishment of males was also limited within certain bounds, and 
the condition of the slave population was tly ameliorated. Still 
the advocates of emancipation objected to the principle of slavery as 
being unjust and unchristian ; | they also appealed to experience to 
show that a human being cannot be safely trusted solely to the mercy 
of another. 

But long before they attempted to emancipate the slaves, the efforts 
of philanthropists were directed to abolish the slave traffic, which 
desolated Africa, wholly prevented its advance in civilisation, and 
encouraged the maltreatment of the negroes in the colonies, by 
affording an unlimited supply, and making it not the planter’s interest 
to keep up his stuck in the natural way. The attention of mankind 
was first effectually awakened to the horrors of this trade by Thomas 
Clarkson. His labours. with the aid of the zealous men, chiefly 
Quakers, who early joined him, prepared the way for Mr. Wilberforce, 
who brought the subject before parliament in 1788, and although, 
after his notice, the motion, owing to his accidental illness, was first 
brought forward by Mr. Pitt, Mr. Wilberforce was throughout the 
great parliamentary leader in the cause, powerfully supported in the 
country by Thomas Clarkson and others, as Richard Phillips, George 
Harrison, William Allen, all of the Society of Friends, Mr. Stephen, 
who had been in the West Indies as a barrister, and Mr. Z. Macaulay, 
who had been governor of Sierra Leone, and had also resided in 
Jamaica. A bill was first carried (brought in by Sir W. Dolben) to 
regulate the trade until it could be abolished, and this in some degree 
diminished the horrors of the middle . But the question of 
abolition was re’ ly defeated, until 1804, when Mr. Wilberforce 
first carried the bill through the Commons; it was thrown out in the 
Lords, and next year it was again lost even in the Commons, Mean- 
while the capture of the foreign colonies, especially the Dutch, during 
the war, frightfully increased the amount of the trade, by opening 
these settlements to British capital; and at one time the whole 
importation df slaves by British vessels amounted to nearly 60,000 
yearly, of which about a third was for the supply of our old colonies. 
At length, in 1805, an order in council prohibited the slave-trade in 
the conquered colonies. Next year the administration of Lord 
Grenville and Mr. Fox -carried a bill through, prohibiting British 
subjects from engaging in the trade for supplying either foreign settle- 
ments or the conquered colonies. A resolution moved by Mr. Fox, the 
last time he took any part in public debate, was also carried in 1806, 
pledging the Commons to a total abolition of the trade early next 
session, and this was, on Lord Grenville’s motion, adopted by the 
Lords, arene ly next year the General Abolition Bill was brought 
in by Lord Howick (afterwards Earl Grey), and ried age by both 
houses, received the royal assent on the 25th of M , 1807. This 
act prohibited slave-trading from and after the 1st of January, 1808 ; 
but as it only subjected offenders to pecuniary penalties. it was found 
that something more was required to put down a traffic the gains of 
which were so great as to cover all losses by capture. In 1810 the 
House of Commons, on the motion of Mr. Brougham, passed unani- 
mously a resolution, pledging itself early next session effectually to 
prevent “‘ such daring violations of the law ;” and he next year carried 
a bill making slave-trading felony, punishable by fourteen years’ 
transportation, or imprisonment with hard labour. In 1824 the laws 
relating to the slave-trade were consolidated, and it was further 
‘declared to be piracy, and punishable capitally, if committed within the 
Admiralty jurisdiction. In 1837 this was to transportation 
for life, by the acts diminishing the number of capital punishments. 
Since the Felony Act of 1811, the British colonies have entirely ceased 
to have any concern in this traffic. If any British subjects have 
engaged in it, or any British capital has been embarked in it, the 
offence has been committed in the foreign trade. 

The Duke of Wellington, while ambassador at Paris in 1814, used 
every effort to obtain from the restored Bourbon government a pro- 
hibition of the traffic in slaves; but the French West Indian interest 
and commercial jealousy of England frustrated all his attempts. The 
first French law abolishing the slave-trade “was a decree issued by 
Napoleon on the 29th of March, 1815, during the Hundred Days, after 
his return from Elba, It prohibited any vessel from fitting out for the 
trade, either in the ports of France or in those of her colonies; and the 
introduction or sale in the French colonies of any negro obtained by 
the trade, whether carried on by French subjects or foreigners. The 
influence of Great Britain was again fetes vies exerted at the peace in 
1815, to obtain the concurrence of foreign powers in the abolition ; and 
the object has been steadily kept in view by this country, and every 
~ eed of forwarding it taken advantage of, down to the present 

e. The consequence has been that now em fs the powers in 


Europe and America have passed laws, or en’ into treaties, pro- 
hibiting the traffic. é - 
To the General Treaty signed by the representatives of Austria, 


France, Great Britain, Portugal, Prussia, Russia, Spain, and Sweden, 
assembled in Congress at Vienna, on the 9th of June, 18] 5, was annexed, 


as having the same force as if textually inserted, a Declaration, signed 


at the same place by the Plenipotentiaries of certain of the powers, on | of war to be fixed every year for each nation by special agreement). 


the, 8th of February preceding, to the following effect :—that seeing 
several European governments had Siccady, eebaaihy, come to the 
resolution of putting a stop to the slave trade, and that, successively, all 
the powers ng colonies in different parts of the world had 

Selstetl, elsher by legislative acts, or by treaties or uther formal 
engagements, the duty and necessity of abolishing it; and that by a 


separate article of the late treaty of Paris (30th May, 1814), Great — 
Congress 


Britain and France had engaged to unite their efforts at this 
of Vienna to induce all the powers of Christendom to proclaim its 
universal and definitive abolition ; the members of the Congress now 
declared, in the face of Europe, that they were animated with the 
sincere desire of concurring in the most prompt and effectual execution 
of this measure by all the means at their disposal. And this Declara- 
tion was renewed by the plenipotentiaries of Austria, France, Great 
Britain, Prussia, and Russia, assembled in Con at Verona, in re- 
solutions adopted in a conference held on the 28th of November, 1822; 
in which, however, it is admitted that, “ notwithstanding this declara- 
tion, and in spite of the legislative measures which have in consequence 
been adopted in various countries, and of the several treaties con- 
cluded since that period between the maritime powers, this commerce, 
solemnly proscribed, has continued to this very day; that it has gained 
in activity what it may have lost in extent; that it has even takena still 
more odious character, and more dreadful from the nature of the means 
to which those who carry it on are compelled to have recourse.” 

The following will be found, we believe, to be a correct and complete 
list of the treaties and conventions for the pepecenees of the slave- 
trade that have been made by this country with other states since the 


general peace -— Os ¥ 
In 1814, with France, by Additional Articles to the Definitive be. 
of Peace signed at Paris 30th May (engaging that the slave-trade 

be abulished by the French government in the course of five years); 
and with the Netherlands, by treaty of London, 13th August. Its 
abolition had also been stipulated in the Treaty of Kiel, concluded 
with Denmark on the 14th of January. 

In 1815, with France, by Additional Article to Definitive Tig 
signed at Paris 20th November (by which the two powers, having 
already, in their respective dominions, prohibited, without restriction, 
their colonies and subjects from taking any part whatever in the 
slave-trade, engage to renew their efforts, through their ministers at 
the courts of London a Paris, a its =e mad San ve 
and with Portugal, by Treaty signed at Vienna an (referring 
to Treaty of Aloo osm ed at Rio de Janeiro 19th February, 1810, 
in which the Prince Regent of Portugal had declared his determination 
to adopt the most efficacious means for henegete a gradual abolition 
of the slave-trade ; and making it now unlawful for any of the subjects 
of the crown of Portugal to purchase slaves, or to carry on the slave- 
trade, on any part of the coast of Africa to.the northward of the 
equator). 

In 1817, with Portugal, by Convention signed at London 28th July 
(prohibiting universally the carrying on of the slave-trade by Portu- 

uese Vi bound for any port not in the dominions of his Most 

‘aithful Majesty; and restricting it in other circumstances); with 
Portugal, by Separate Article, signed at London 11th September 
(referring to ments to be adopted “as soon as the total aboli- 
tion of the slave-trade, for the subjects of the crown of Portugal, 
shall have taken place”); with Spain, by Treaty signed at Madrid 
28rd September (by which his Catholic Majesty engages that the slave- 
trade shall be abolished throughout the entire dominions of Spain on 
the 30th of May, 1820, and that in the mean time it shall not be 
lawful for any of the subjects of the crown of Spain to purchase slaves, 
or to carry on the slave-trade, on any part of the coast of Africa to the 
north of the equator, or in vessels bound for any port not in the 
dominions of his Catholic Majesty; and by which the restrictions 
under which the trade may be carried on in other circumstances are 
specified); and with Radama, king of Madagascar and its dependencies, 
by Treaty signed at Tamatave 23rd October. 

In 1818, with the Netherlands, by Treaty signed at the e 4th 
May (specifying restrictions under which the reciprocal right of 
visitation and search is to be exercised). 


In 1820, with Madagascar, by Additional Articles signed at Tanana- 


rivoux 11th October. 

In 1822, with the Imaum of Muscat, by Treaty signed at Muscat 10th 
September ; with Netherlands, by Explanatory and Additional Articles, ° 
signed at Brussels 31st December; and with Spain, by Explanatory 
Article signed at Madrid 10th December. 

In 1823, with Netherlands, by Additional Article signed at Brussels 
25th January ; with Portugal, by Additional Articles signed at Lisbon 
15th March; and with Madagascar, by Additional Articles signed at 
Tamatave 31st May. 

In 1824, with Sweden, by Treaty of Stockholm, 6th November (ar- 

ing reciprocal right of visitation by the ships of war of the two 
countries). : 

In 1826, with Brazil, by Treaty of Rio de Janeiro, 23rd November 
(renewing, on the separation of that empire from Portugal, the stipula- 
tions of the treaties subsisting with the latter power). 

In 1881, with France, by Convention of Paris, 30th November (stipu- 
lating mutual right of search, within certain seas, by a number of ships 
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of Turin, 8th A (containing accession of that power to same con- 
ventions) ; Sardinia, by Additional Article, signed at Turin, 


In 1835, with Spain, by Treaty of Madrid, 28th June (abolishing 


slave-trade on of Spain henceforward, totally and finally, in all 
parts of the Fee Eg tory gla oa right of search); and 
with Sweden, by Additional Article to Treaty of 1824, signed at Stock- 
holm 15th June. 


In 1837, with Tuscany, by Convention signed at Florence 24th 
November (containing accession of the Grand Duke of Tuscany to 
French Conventions of 1831 and 1833); with Hanse Towns, by Con- 
ee agg at Hamburg 9th June (to same effect); and with 
N , by Additional Article to Treaty of 1818, signed at the 
Hague 7th February. 

In 1838, with the Ki of the Two Sicilies, yi sce eer 

i at Na; 14th February (containing. accession of his Sicili 
Mores to Yosh Conventions of 1831 and 1833). 
839, with Republic of Venezuela, by Treaty signed at Caracas 
15th March (abolishing for ever the traffic in slaves, so far as it con- 
sists in the conveyance of negroes from Africa; expressing the deter- 
mination of Venezuela to in force the provisions of a law 
passed in February, 1825, declaring Venezuelans found engaged in 
that trade to be pi and ishable with death, and regulating a 
mutual right of visitation); with Chile, by Treaty signed at Santiago 
19th January; with be So , by igned at Montevideo 13th 
July; with Argentine ion, by signed at Buenos 
Ayres 24th May; and with Hayti, by Convention signed at Port-au- 
ern 1840, with Bolivia, by T 1 at Sucre 25th September 
1840, wii ivia, reaty signed at Sucre ; 
and with Texas, by rests eigoed at London 16th November. 

In 1841, with , by Treaty signed at Paris 20th December, 
which however the French government afterwards refused to ratify ; 
with Mexico, vi ay Bo ae at Mexico 24th February; and with 
Austria, Prussia, and Russia, by Treaty signed at London 20th De- 


In 1842, with the United States of North America, by Treaty signed 
August (stipulating that each party shall maintain 
on the coast of Africa a naval force, carrying in all not less than eighty 
guns, “to enforce, tely and respectively, the laws, rights, and 
obligations of each of the two countries for the suppression of the 


“to act in concert and co-operation, upon mutual consultation, as 
exigencies may arise”); with the Argentine Republic ; and with the 
blic of Ha: 
842, the Ashburton Treaty with the United States of America, 
by which it was stipulated that each party was to maintain a separate 
squadron on the coast of Africa to suppress the slave-trade, but if the 
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be decided upon 

being established, by the courts of the ive countries. [Szarcn, 

Riout or.) This divided action has not found effective. With 

Treaty at Lisbon 3rd July. . 

il; and with France, a Convention signed at 

on the 29th of May (by which each power is to keep up an 

wal force on the western coast of Africa, and the right of 

is to be exercised only by cruisers of the nation whose flag is 
suspected vessel 

of 


). 
the Abolition is to be found in the work under that 
, and the state of the law, as well as the treatment 


een 
es 
: 


of slaves practically in the colonies, is most fully treated of in a work 
on that subject by Mr. 5! The writings of the late Sir John 
Jeremie also contain much useful information on the condition of 


= 


very in the British colonies just before the Emancipation Act. T. 
Clarkson's other works on the nature of the traffic, which first exposed 
it to the people of this country, were published in 1787. 

The slave-trade was su; , but slavery continued to exist in 


other nation has imitated the example. The emancipated es in 


The new republics 

of America, generally speaking, emancipated their slaves at 

the of the revolution. As the slave population in general does 

not maintain its numbers by natural increase, and as plantations in 
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America are extended, there is a demand for a fresh annual importation 
of slaves from Africa, which are taken to Cuba, Puerto Rico, and Monte 
Video. Since the slave-trade has been declared to be illegal, the 
sufferings of the slaves on their passage across the Atlantic have been 
greatly increased, owing to its being necessary for masters of slave- 
traders to conceal their cargoes by cooping up the negroes in a small 
compass, and to avoid the British cruisers; they are often thrown 
overboard in a chase. There is a considerable loss of life incident to 
the seizing of slaves by force in the hunting excursions after negroes, 
and in the wars between the chieftains of the interior for the purpose 
of making captives, There is a loss on their march to the sea-coast ; 


_| the loss in the middle passage is reckoned on an average at one-fourth 


of the cargo; and, besides this, there is a further loss, after landing, 
in what is called the “ seasoning” of the slaves. The Portuguese flag 
has been openly used, with the connivance of the authorities, for 
carrying on the slave-trade. The Spanish flag has also been used, 
though with caution, owing to the treaty between England and Spain 
which formally abolishes the slave-trade on the part of Spain. A 
mixed commission court of Spaniards and British exists at Havana to 
try slavers; but pretexts are never wanting to elude the provisions of 
the treaty. There seems indeed to be a great difficulty in obtaining 
the sincere co-operation of all Christian powers to put down the slave- 
trade effectually, although it is certain that in all but the Portuguese 
and Spanish settlements the traffic has now almost entirely ceased. 

Besides the slave-trade on the Atlantic, there is another periodical 
exportation of slaves Bes | caravans from Soudan to the Barbary states 
and Egypt, the annual number of which is variously estimated at 
between twenty and thirty thousand. There is also a trade carried on 
by the subjects of the _Imaum of Muscat, who export slaves in Arab 
vessels from Zanzibar and other ports of the eastern coast of Africa, to 
Arabia, Persia, India, Java, and other places. The Portuguese also 
export slaves from their settlements on the Mozambique coast, to Goa, 
Diu, and their other Indian possessions. 

By a law of the Koran, which, however, is not always observed in all 
Mohammedan countries, no Mussulman is allowed to enslave one of his 
own faith. The Moslem negro kingdoms of Soudan supply the slave- 
trade at the expense of their pagan subjects or neighbours, whom they 
sell to the Moorish traders. Mohammedan powers will probably never 
su) this trade of their own accord. 

There is a considerable internal slave-trade in the United States of 
North America. Negroes are bred and sold in Maryland and Virginia, 
and some other of the slave-holding states, and carried to the more 
fertile lands of Alabama, Louisiana, and other southern states. But 
the attempts of the south, for some time successful, to legalise the 
recapturing of their escaped slaves in the non-slaveholding states, has 
at length led to a reaction. On the other hand the election of a presi- 
dent opposed to the views of the slave states, has served as a pretext 
for the southern states to secede from the Union, and form a new con- 
federacy based on the fullest recognition of slavery as an institution. 
The issue is however still pending, it being as yet uncertain whether 
either party will make concessions, or whether or not coercive mea- 
sures will be employed. : 

It is maintained by some that the African slave-trade cannot be 
effectually put down by force, and that the only chance of its ultimate 
suppression is by civilising central Africa, by encouraging agricultural 

ustry and legitimate branches of commerce, and at the same time 


x pes education and Christianity ; and also by giving the protec- 
“3 tion of 


British flag to those negroes who would avail themselves of 
it. It is certain that if other countries will not exert themselves, the 
abolition must be poned to this remote period. The Africans sell 
men because they have no other means of procuring Furopean com- 
modities, and there seems no doubt that one result of the slave-trade 
is to keep central Africa in a state of barbarism. Great hopes are 
entertained, and a t has been afforded, that the influence of com- 
merce will tend to lessen the hateful trade. From the western coast of 
Africa a large amount of palm-oil is now exported, and as the cultiva- 
tion of the plant, and the production of the oil, will render the profit 
of the labour more productive to the rulers than the sale of the 
labourer, it may induce them to discontinue the practice of under- 
taking wars for the purpose of procuring captives for sale. It is also 
hoped by many that cotton may be successfully raised in Africa, 

e amount of the slave population now existing in America is not 
easily ascertained, In Bruzil it is estimated there are 2,000,000 
negroes, of whom three-fourths are slaves. The slaves in Cuba, accord- 
ing to the census of 1840, numbered 425,521. In the United States 
the number of slaves was 3,204,313 by the census of 1850, which is 
716,989 more than the number according to the census of 1840; yet 
ten states which returned slaves in 1840 returned none in 1850, the 
holding of them having wholly (or virtually) ceased. 

Societies for the ultimate and universal abolition of slavery exist in _ 
England, France, and the United States, and they publish their reports ; 
a congress was held in London, in June, 1840, of delegates from 
many countries to confer upon the means of effectingit. The American 
Society has formed a colony called Liberia, near Cape Mesurado, on the 
west coast of Africa, where negroes who have obtained their freedom 
in the United States are sent, if they are willing to go [Liperta, in 


Groa. Drv.] The English government has a colony for a similar pur- 
pose at Sierra Leone, where negroes who have been seized on board 
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slavers by English cruisers are settled, [Sterna Leong, in Groo. 
Dry.) Several thousands of negroes who have escaped from slavery 
in the United States are now settled in Canada, earning a livelihood by 
their own ind : 

SLEEP; SLEEP-WALKING, [Somyamevris™.] 

SLIDE (or SLIDING) RULE. ¢ sliding-rule is an instrument 
for the mechanical performance of addition and subtraction, which is 
converted into an instrument for the mechanical performance of multi- 
plication and division by the use of logarithmic scales, instead of 
scales of equal 

This instrument has been greatly undervalued in our country, in 
which it was invented, and is very little known on the Continent ; for 
tho: a French work on the subject, published in 1825, which is fol- 
lowed by the writer of a more recent mathematical dictionary in the same 

assures us that in England the sliding rule is taught at schools 
at the same time with the letters of the alphabet, we believe it would be 
more correct to say that nine Englishmen out of ten would not know 
what the instrument was for if they saw it, and that of those who 
even know what it is for, not one in . apes = would be able to work 
a simple question by means of it. For a few shillings most persons 
hae co into thei pockets some hundred times as much power of 
calculation as they have in their heads: and the use of the instrument 
is attainable without any knowledge of the properties of logarithms, on 
which its principle depends. 
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We have before us a logarithmic scale, of which «8B, called the 


may be done with a pair of com That is to say, the figures of 
ie orhans may be aot, exactly or approximately, and the meaning 
For example, to find 4 times 15 :—First, let a B mean the logarithm of 
100, then aa is that of 15; next let aw mean the logarithm of 10, 
then ac is that of 4. Take Aa on the compasses, and set it on to the 
right of e; it will be found that the point g is attained, directly under 
6. But 4 times 15 must be tens; therefore 60 is meant, or 4 x 15=60. 
Next to divide 90 by 45: from ak take ad, or set off Ad from k 
towards the left. The pointe will be attained, under 2, which is the 
quotient. Next to find 7 times 5: set off af from h towards the right, 
and the point 7 of the scale following B will be attained, and 35 is the 
answer. But had it been to multiply 7 by*5 or 5-tenths, this 35 would 
have meant 3°5 or 34. Attempts are made in works pratesding & ex- 
plain the sliding-rule to give rules for the determination of cha- 
racter of the figures in the answer, but without any success, It is all 
very well for a few chosen examples, but an attempt to do without the 
book soon shows the insufficiency of rules. If, on a large scale, 653 
should be the figures of an answer, common sense, applied to the Sy 
blem, must say whether it is 0653, °653, 6°53, 65°3, 653, 6530, 65300, 
&c. which is meant. A knowledge of decimal fractions is therefore 
indispensable. 

Now these additions and subtractions might be performed by a pair 
of rulers made to slide each along the other; but whether they are 
kept together by the hand, or whether the one ruler slides in a 
groove along the edge of the other, matters nothing to the explana- 
tion. The following diagram represents the two rulers in one relative 
position. Here 1 on the slide is made to match 2 on the fixed ruler, 
and the instrument is now in a position to multiply by 2, to perform 
every division in which the quotient is 2, and to work every question 
in the rule of three in which the ratio of the first term to either the 
second or third is that of 2 to 1, or of 1 to 2. And here let us observe, 
that much the best way of beginning to use the sliding-rule is not by 
working given questions, but by setting the slide at hazard, and learn- 
ing to read the questions which are thus fortuitously worked. 
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In the cut before us we have the 1 of the slide placed at 2 of the fixed 
ruler ; consequently 6 on the slide comes under what would be 12 of 
the fixed ruler if the secon graduations were inserted. Again, 4 
comes over 2, and 9 over 45, giving 4: 2::9:4°5, the decimal point 
epee inetd by intuition. To show the sort of results which we 

from such a slide of 54-inches radius (or from 1 to 1), we take 
one of this sort, and throw 1 of the slide at hazard between 225 and 
230 on the fixed ruler, a little farther to the right than it is on the 

i ; guessing at the interval, it seems 2285. We 


preceding diagram a 
detect it more exactly by looking at 5 on the slide, which is hardly | good 


visible in adyance of 114 on the scale. As far then as the divisions, 
aided by our judgment of this interval, inform us, we haye 114+5 


ha’ 
172 


advan is slightly in favour of the larger scale, but not so much as 
we shi have expected. We now try one of 24 inches radius, and 
setting 1 on the slide to 2°285 on the fixed ruler, we find that 1725 
(fixed) falls over 754°7 (slide), the last 7 being estimation, Now 
1725-7547 = 22857, which gives the advantage (but not so 
decidedly as might have been expected) to the rule. The 


fact oe ges ik “3 than proportionate which > 
in the large rules: preceding results care 
Soe attention on the 54-inch rule ; were obtained with teodenie care 


on the 74-inch; and taken off instantly from the 24-inch rule, More- 
over, divisions on wood, made in the usual way, do not allow aceu- 
racy to increase with the size: if these rulers were divided on brass, 


and with the precautions taken in astronomical instruments, it would 


be a very different thingy~but after all, the wonder is that the common 
wooden rules should be so accurate as they are. ’ 
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aanda it coinciding scales, as do B and 6: we 
that the last ia 
another; the 1 of B and 6 being in the middle, The consequence 
that so long as 1 of the scale } is not pushed out so far as to fall 
of the groove (which is never necessary, since there is a whole scale 
8), there is always the power of reading a oe 
cation in hand. In the diagram, 1 on é is ‘pushed out to 2 on B, an 
on the upper scales (A and a) we see 2x2=4, 2x8=6, 2x4=8, 
2x 5=10; on the lower (B and b), 2x4=8, 2x5=10, 2x6=12, 
2x7=14, 2x8=16, 2x9=18, 2x10=20, This modification was 
inyented by Mr. Silvanus Bevan (Nicholson’s ‘ Journal,’ yol. xlix.,p. 187) ; 
but thirty years before this Mr. Nicholson (‘ Phil. Trans,’, 1787, p. 
had pointed out how to divide the whole radius into four parts, two on 
each face. 

A simple plan, and in some respects the-best, is to make a revolving 
circle turn upon a fixed one, in which case the scale is its own continua- 
tion, as in the following diagram. The two circles haye a common 


pivot, and the upper one turns round on the lower; the rim of the 
inner circle being bevelled down to the plane of the lower. A com- 
plete ss leone scale is marked on each cireumference, and it will 
seuaily seen that the scales are placed so as to t out multiplica- 
tions by 2, as in the former instances, and also the recommence- 
ment of the scale begins its continuation. Instead of two circles there 
might be two thin cylinders, turning on a common axis, the graduations 
being made on the rim. Thirty years ago, an instrument-maker at 
Paris laid down logarithmic scales on the rims of the box and lid of a 
common circular snuff-box ; one of two inches diameter would be as 
an aid to calculation as the common engineer's rule, But 

peda calculation, for the scheme 


calculators disliked snuff, or 
apparatus was broken up. 


was not found to answer, and 


—_— 
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htred (presently to be mentioned) 
i Instead of two circles, two 
pointing one circle, on which a 
number of concentric circles were drawn, each charged with a 
logarithmic scale. These pointers would either move round together, 
united by friction, or open and shut by the application of pressure : 
they were in fact a pair of compasses, laid flat on the circle, with their 
pivot at its centre. 
to iply A and & the consequent arm must be brought to point to 

1, antecedent arm then made to point to a. If the pointers 
be then moved together until the consequent arm points to B, the ante- 
cedent arm will point to the product of « and B. 

It will be observed that in every construction the logarithmic spaces 
are very unequal, those near the end of the scale being small when 
‘ + Bestny fen gegee, Tip tecte be ed eee sae 
vantage as might be supposed, for it the liability to error increase 
in searly the same proportion with the result, so that the per centage 
of ote hage hogeee phoney rrr lle same thing in all its parts. 
py bree when going from 10 to 100, the interval from 10 to 
11 is to from 99 to 100 as 207 to 22, nearly in the proportion of 
10 to 1 absolute error will be inversely as these 


2a Torpetiinno: spud having 
a spi vin 
uations would then Taptions 
equal distances from each on the are of the spiral. 
Another modification of the principle of the sliding-rule is as follows : 
equal, and the numbers written upon 
jon. If this were done to a 
be found exactly or nearly enough 
that v mall divisions do 
modification of 


The 


cylinders moving 
third, give the means of instantaneously 
proposing and solving any one out of several millions of arithmetical 
uestions for schools and teachers. In the second, one 
upon another gives the interest upon any suin, for any 
days, at any rate of interest under 10 per cent, 
Dita nection ao 


lowing manner :— 


brought opposite to a on the other, B 
on eres, yeaa 223 oe he oleae But if the 
slide be taken out and inv: , we have the following rules :— 


AB Ac 
1 A+B B AXB+C 


oo 


re 
oe 
1. 
ee 


Calling these pointers antecedent and consequent, | p’ 


shorter scale comes where the second now is; then look under the 
second 2 of the shorter scale, we have 534; and ‘534 is the true 
answer so far as the scale will give it. We have taken the most 
Pie see plan of reading the rule, and have not space for all the 
details which are in works on the subject, particularly the method of 
using the slide of numbers with a scale of numbers above and of square 
roots below. The following is the general principle applicable to the 


receding case :— 

It is well known that, whereas in common division the place of the 
decimal point has nothing to do with the significant figures of the 
quotient, yet in extracting the square, cube, &c., roots, the figures of 
the root are altered by a of the decimal point, unless it be 
changed by an even number of in extracting the square root, by 
three or a multiple of three places in the cube root, andsoon. In 
extracting the square root, a number may either have two figures in its 


first period, or one; thus °07616 and ‘7616 must (in the rule for - 


extraction) be pointed 
“076160 and ‘7616, 


Let us call numbers wnidigital or bidigital, according as there are one 
or two significant in the first period. Then the application to 
the sliding-rule is, that on the shorter scale numbers of the same name 
must be read either on the same radius or with a whole. radius inter- 
vening, while numbers of different names must be read on different 
pat In the scale for the reg te ¢ perper sings numbers must 

iekingvisbed into unidigital, bidinital, and tridigital’ and slenity! 
these by their initial letters, and taking the succession UBTUBT, &e,, 


Y | there must be the same relation between the scales on which they are 


read that there is between the places of their letters in the eding 
list. Thus, if u be read on one radius, T iauish teilide: bs font a ee 


immediately preceding, or on the next but one. Thus, in the preceding 
pos sam bet ich we first solved wrongly, we have 2 and 7 to consider on 
e shorter’ scale, the pointing of which is— 
20600 and 7-0000, 


and both are unidigital numbers. Bringing 7 on the shorter scale to 1 
on the longer, we see that the next 2 is on a different radius; it would 


, | do then for 70, or ‘7, or ‘007, but not for 7. By the process we followed 


we took not indeed a 2 on the same radius with our 7, but on the next 
radius but one, and thus obtained the correct answer. These points, 
and others (such as the meanings of the lines of sines, tangents, &c., 
annuities, &c., which are found on several rules) can only be mastered 
by those who are acquainted theoretically with logarithms, trigono- 
metry, &c.; for after all the sliding-rule will not teach the method of 
working any question, but will only afford aid in computation—in 
common multiplication and division, to any one; in higher rules, to 
those who understand their principles. Oughtred, the inventor, kept 
the instrument by him many years, out of a settled contempt for those 
who would apply it without knowledge, having “ onely the superficiall 
scumme and froth of instrumentall trickes and practises ;” and wishing 
to enco “the way of rationall scientiallists, not of ground-creeping 
Methodicks.” A little distinction between that portion of its use 
which is generally attainable, and that which requires mathematical 
knowledge, would have been more reasonable. 

On the carpenter's and engineer’s sliding-rule are engraved a number 
of numerals in columns with headings, of which the following is a 


*0022 *323 3°875 “411 


? Specimen ;— 
but refer for detail to the tracts are afterwards cited. For the Savane, CYLINDER, LOBE, 
extraction of square or cube roots, or the formation of squares or cubes, FFF FU Ul FI II | wiih 
4935 10043 7°406 


as that on the other; for cubes and cube roots the ius of one is 
three times as long as the other, On the former scale (that of squares 
and square roots) the rules are now as follows :— 
Longer Rad. 1 A VA | 1 B (VB):A 
Shorter Rad, 1 AA A A AB? B | 
AB VB | ac AV (C:B) 
1 B*-A* B B BC?;A* Cc 


The denomination of the answer, or the place of the decimal point, 
must be determined by t consideration 


7 on the shorter 
longer, and 2 on shorter scale is 
pl Tadley 0 72) The answer from the scale is 
‘1693, to all appearance ; but this is not +/(2:7), but «/(2:70). 
longer scale which should give the answer has no 

to it, but only empty groove. But mark where 1 on 

is opposite to a part of the longer (between 119 and 
120), and push the slide in from left to right till the first 1 on the 
* The reader will not understand this, unless with the scale in his hand. 
The common 
radii are on the 


Seale, and one radius of twice the length on the longer. 


rule or Bevan’s rule will do, in which two consecutive | toge 


CAST IRON | 


These divisors (called gauge-points) are intended to convert into 
pounds the weight of a rectan prism, cylinder, or globe, of cast- 
iron ; the first, on three suppositions, namely, all dimensions in feet, 
one in feet and two in inches, and all in inches; the second, on the 
itions that the length is in feet and the diameter in inches, 


sup, 
and that both are in inches; the third, on the supposition that the 
diameter is either in feet or in inches. We shall here content ourselves 


with veri one of these, say the first of those marked “ cylinder,” 
which will show the nature of the divisor. 

The ific gravity of cast-iron is 7°207, and the content of a cylinder 
of Di diameter and i feet of length is ‘7854 x p*L divided by 144, 
in cubic feet. A cubic foot of water weighs 62321 pounds avoirdupois: 
one of cast-iron, therefore, weighs 62°321 x 7:207 ; whence the weight 
of the cylinder is, in pounds, 


D'L 
62°321 x 7:207 x °7854 pn + 144, or —; 


G 
144 
where ¢ = G32 x 7207 x “Ted? % “4082; 


near enough, to ‘411 to illustrate our object, but showing that the 
computer of this divisor used a specific gravity slightly differing from 
the above. The rule in all the cases is to multiply the three dimensions 
ther, diameters or lengths, and to divide by the divisor be: in 
the table. The term gauge-point, which properly belongs to the part 
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of the scale on which the divisor is marked, has passed to the divisor 


itself. 

The following list of sliding-rules contains all, or nearly all, which 
ean be useful to any one :— 

1. Common Engineer’s Rule, or Carpenter's Rule in its best form. 
A double 12-inch rule, a slide of two radii with the same scale on one 
side, and a scale of one radius of double length on the other, with 
divisors, (Sold by all rule makers.) There is a description in Kentish’s 
‘ Treatise on a Box of Instruments, &c., London, 1839. 

2. Bevan's Engineer's Rule, 12 inches. Has slides on both faces 
(which may be ex ), and serves for squares, cubes, square 
roots of cubes, ke. here are scales on the backs of the slides 
and in the grooves, for sines, tangents, inverted numbers, compound 
interest and annuities at 5 per cent. (Cary, Strand, with an explanatory 
treatise. 

“3. idee Double-Slide Rule, 12 inches. Has two parallel con- 
pes Ne: slides, with scales of numbers fixed above and below, and 
ves at one operation most sets of multiplications and divisions not 
excceding five operations, At the back are tables of divisors for solids. 

4. Woo! “s Pocket Calculator, 8 inches. The two slides work in 
either of the grooves: the backs and the grooves have scales of sines, 
tangents, areas of polygons, circular segments; interest, annuities, 
certain and for lives, at several rates of interest. An addition may be 
made by a metal slip, giving the solution of the same questions as the 
last rule. 

5. Woollgar’s Pocket-Book Rule, 6 and 8 inches. Two radii, one 
under the other, as described in the preceding * of the article; a 
line for sines and duplicate proportions at the of the slide. At 
the bottom of the groove are sometimes inserted lines for finding the 
relations of right-angled triangles, for cask-gauging, and for cuttings 
and embankments, ; 

6. Excise Officer's Sliding Rule, modern form. Sold at the Excise 
Store-office, and by some of the instrument-makers. The old Excise 
rule was a thick block, with aslide on each face, 

7. Bayley’s Rule, (Elliot, Strand) has a scale of numbers, squares, 
and cubes, and a scale of equal parts, of the length of the line of 
squares, from which the logarithm of a number can be aisvrenpan d 
read. This line is of considerable use in operations connected wi 
higher powers : it is found also in Bevan’s rules. The constructor of 
this scale, which is well divided and convenient, has a full treatise on 
the whole subject in the press. 

Among separate treatises not yet noted are Flower's, 8vo., London, 
1768; Mackay’s, 8vo., 2nd edit., London, 1811; do. Leith, 1812; 
‘Instruction sur la Maniére de se servir de la Regle 4 Caleul.,’ petit-in- 
8vo., Paris et Dijon, 1825; ‘The Universal Ready-Reckoner,’ by an 
Idle Gentleman, 12mo., London, 1839; and there is a good deal on the 
subject in Ingram’s ‘Concise System of Mathematics,’ 12mo., Edin- 
burgh ; and Bateman’s ‘ Excise Officer's Manual,’ 12mo., London. 

Between the sliding-rule and the book of logarithms comes the card 
of four- logarithms, published by Messrs, Taylor and Walton 
(explained in the ‘ Companion to the Almanac’ for 1841), to which has 
been added a similar card for sines and tangents. A sliding-rule, which 
would in all parts compete with these tables in ace must have a 
radius of from 8 to 10 feet, and would be le. At what 
length the card begins to be more easily used than the rule we cannot 
determine, but we should suspect that the former would be preferable 
toarule of four feet tadius, We have found the rule of 24 inches 
extremely useful in checking the material figures of more minute cal- 
et particularly when there are many divisions by the same 

visor. 

The history of the sliding-rule, had it ever been properly given, 
would be matter for a few lines of our work, in the way of abbrevia- 
tion and reference. As it is, we have not only to establish the main 
points, but also to point out a specimen of the manner in which the 
account of early English science has been written. Harris’s ‘ Lexicon 
Technicum’ (1716) informs us that sliding-rules ‘are very ingeniously 
contrived and ye by Gunter, Partridge, Cogshall, Everard, Hunt, 
and others, who have written particular treatises about their use and 
application.’ Stone's ‘Mathematical Dictionary’ (1743) has the same 
words, Dr. Hutton (‘ Math, Dict., 1815) informs us that they are 
variously (uot ingeniously) contrived and applied by different authors, 
particularly Gunter, Partridge, Hunt, Everard, and Coggleshall. Other 
writers repeat this sentence in their own ways, and the summing up 
is this:—the recognised history of the sliding-rule consists in the 
names of five persons; all our best English authorities are unanimous 
in stating that these men ‘contrived and applied’ sliding-rules, either 
ingeniously or variously ; but to the credit of this century be it spoken, 
that it was our historian who altered the chronological order, and spelt 
Coggleshall's name right: had it not been for the research of Dr. 
Hutton, it might have been C: to this day. 

We now go on to something more like history, It is generally stated 
that Gunter invented the sliding-rule. This is not correct ; Gunter 
neither invented this rule nor wrote about it; and though he was the 
first (On the Crosse-staffe, book i., cap. 6) who used a logarithmic scale, 
it was in the manner described at the beginning of this article, com- 
passes being used to make the additions and subtractions, Gunter’s 


* The maker of this slide has them of various lengths up to 24 inches, 


rule is used up to the present time, under that name, in the navy, 
without any slides, . 

The real inventor of the slide was OvcitrED [Bros. Drv.], who was 
also the first writer upon it. He was a man who set but little value 
upon instrumental aids, unless in the hands of those who had pre- 

ously learned sound principles, which (as we have seen) he himself 
testifies. In the year 1630 he showed it to his pupil William Forster, 
who obtained his consent to translate and pul own description 
of the instrument, and rules for using it. This was done under the 
following title : ‘The Circles of Proportion and the Horizontal Instru- 
ment,’ London, 1632; followed, in 1633, by an ‘ Addition, &c.,’ 
an appendix, having title, ‘The Declaration of the two Rulers for 
culation.’ The following extract from W. Forster’s* dedication to Sir 
Kenelm Digby will explain the whole :— 

“ Being in the the time of the long vacation 1630, in the Country, at 
the house of the Reverend, and my most worthy friend, and 
Mr. William Oughtred (to whose instruction I owe both my rego 
and whole pro, in these Sciences), 1 upon occasion of speech 
him of a Ruler of Numbers, Sines, and Pengeals, which one had be- 
spoken to be made (such as is usually called Mr, Gunter’s Ruler), 6 feet 
long, to be used with a payre of beame compasses. He answered that 
was a poore invention, and the Upp qacare: very troublesome : But, — 
said he, seeing you are taken with such mechanicall wayes of Instru- 
ments, I will show you what devises I have had by mee these many 
yeares, And first, hee brought to mee two Rulers of that sort, to be 
used by applying one to the other, without any compasses; and after 
that he shewed mee those lines cast into a circle or Ring, with another 
moveable circle upon it, I seeing the great expeditenesse of 
those wayes, but especially of the latter, wherein it farre excelleth any 
other Instrument which hath bin knowne; told him, I wondered that 
he could so many yeares conceale such usefull inventions, not onely 
from the world, but from my selfe, to whom in other parts and mys- 
teries of Art he had bin so liberall, He sneworet, Toes Oe eae 


it is 
a preposterous course of vulgar T: , to begin with I 5 
and not with the Sciences, and so instead of Artists, to make their 
Schollers only doers of tricks, and as it were Juglers : to the 
of Art, losse of precious time, and betraying of willing and industriou 
wits unto ignorance, and idlenesse, That the use of Instruments is 
indeed excellent if a man be an Artist: but contemptible, being set . 
and opposed to Art, And lastly, that he meant tocommendtome 
the skill of Instruments, but first he would have me well instructed in 
the Sciences. He also shewed me many notes, and Rules for the use 
of those circles, and of his Horizontall Tanteeuna (which he had pro-— 
jected about 30 yeares before) the most part written in Latine. All 
which I obtained of him leave to translate into English, and make pub- _ 
lique, for the use and benefit of such as were studious, and lovers of 
these excellent Sciences.” 3 
Oughtred gave his right in the invention (so.soon as it was settled to ; 
be published) to Elias Allen, a well-known instrument-maker, near 
St. Clement’s Church, in the Strand. In walking to and fro from his — 
shop, he communicated his invention to one Richard Delamain, a 
mathematical teacher whom he used to assist in his studies. This 
Delamain not only tried to appropriate the invention to himself, but 
wrote a pamphlet of no small scurrility against Oughtred, which the 
latter answered in an ‘ Apologeticall Epistle’ fully as vituperative ; 
which epistle was printed at the end of W. Forster's translation. It 
contains some quantity of biographical allusion, and must not be for- 
gotten by a mathematical historian of the times. W. Forster's work 
was republished in 1660, by A. H. (Arthur Haughton, another pupil of 
Oughtred), with Oughtred’s consent, but the dedication and epistle — 
cere h find is Seth Partridge. Desrip- 
The next writer whom we can , ina‘ 
tion, &c. of the Double Scale of Proportion,’ London, 1685. He 
studiously conceals Oughtred’s name; the rulers of the latter were 


~ 


EEE 


Professors’) is incorrect in sayi t 
into France in 1624: it was Gunter's scale which he introduced there. 
In fact the slide was little used and little known till the end of the 


Firiding so meagre an account on this matter in publications pro- 
oy. mathematical, we did not at first think of having recourse to 
any others. When we had finished the preceding however, we thought 


* This man must not be confounded with the Gresham professor of his 
name; nothing more than his connection with Oughtred is known of him, 
The one whose name is so much connected with Gunter is Samuel Foster (died 
1652), Gresham professor of astronomy. + a 

+ Here is the old use of the word art; we should now say science, [ScreNcE.] 
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consulting the ‘ Bi ia Britannica, and there we found, in the 
of a very full life of Oughtred, the whole account of the 
invention of the sliding-rule, exactly as above, and from the same 

i On looking at Dr. Hutton’s account in the Dictionary, 
has either used this memoir or some copy of it; 
any information on the subject of the present 


i . he 

giving 

We shall conclude this article by some account of a new species 

of sliding-rule, invented by Dr. Roget (‘ Phil. Trans,’ for 1815), which 
be 


would be yery useful in the hands of writers on statistics, and would 
sometimes save much trouble to the mathematician. The slide con- 


by its spaces. For instance, reckoning from 10 (remembering 
that log log 10=0), the space from 10 to 100 is log log 100, or log 2, 
the same space as from 1 to 2 on the slide. And since log log x is 


inning of the 
other it is exactly two radii, so that a setting on upper ruler 
applies also to the lower, but it may be necessary first to slip the slide 
a whole radius forwards or backwards, in the m described in the 
the article. And here again the meaning of the 
le must frequently be determined by common sense 


slide is placed opposite to @ on the ruler, we 
opposite to a’ on the ruler. Or using the pre- 


i | 
HE 


a a a *ya- a 
14 b 1 b 


this rule are equally whether applied 
exponents, and Dr, Roget justly aearen 


x ac 
ce 


results as specimens of its powers. 
rye rag hs a, and we find for 
of this num simple inspection 9°85, 31 
, 29,500, 93,000, &e, The sq : 


f its 
to 


meters Perens So. step 
a solution of ex 
must find before Ee wpnlies i 


site s 
almost exactly as in the table cited. 

of the upper fixed ruler answers to the hundredth power of 
division directly beneath it on the lower fixed ruler, Thus, 
wishing to know what effect would be produced in 100 years upon 
a ulation which increases 3°46 per cent., we set unity to 
1/0346 on the lower scale, and find at once 30°025 on the upper 
eee ee mecwnee Ny, Who the Season} population. seyet be 
multiplied, 

The late Mr, Woollgar (to whom we were indebted for much infor- 
in this article, who made a particular study of the slid- 
ing-rule) carried to a considerable extent the principle of making the 
slide or the rule (no matter which) bear, not the logarithms of the 
numbers marked on its graduation, but those of the values of a func- 
tion of those numbers {(‘ Mechanics’ Magazine,’ No. 849, vol, xxxii.) 
Let a slide be 20 graduated that the interval from a given point to the 
graduation « represents log ga. When z is then ascertained (b 
common scale, if necessary), the formula afx is immediately deduced 
from the common scale and the new slide. Nor need there be a new 
slide ; for any scale being laid down in the groove, the common slide, 
ee Dering its end made to coincide with one or another division of the 
seale in the groove, may be rendered capable of answering the pur- 
of a new slide. 

We long since obtained from Paris a circular logarithmic scale in 
brass, altogether resembling the one figured and described in the pre- 
ceding part of this article, with the addition only of a clamping 
screw. This instrument, the scale of which is do. tage in diameter, 
is so well divided that it will stand tests which the wooden rules 
would not bear without showing the error of the divisions, But here arise 
disad: which we had not contemplated. In the first place, no 
subdivision can be well made or read by estimation, unless the part of the 
scale on which it comes is uppermost or undermost, whiclt requires a 


the 


3 


continual and wearisome turning of the instrument. In the next 
place, to make the best use of it, and bring out all its power, requires 
(we should rather say renders worth while) such care in setting and 
reading, as, unless a microscope and tangent screw were used; makes 
the employment of the four-figure logarithm card both shorter and 
less toilsome, For rough purposes, then, a wooden rule is as good; 
for more exact ones, the card is better, We made a fair trial of both 
on fie tables in Sonar System, and are perfectly satisfied that though 
the French brass arithmometer did, with great care, bring out the 
results required, the four-figure card did the work more easily. But, 
had we wished to abandon two or three units in the last places of 
figures, there would then have been no doubt that the instrument 
would have been the easier of the two: but then a straight wooden 
rule of the same radius would have done quite as well, and been more 
convenient still. (* Mechanics’ Magazine,’ No. 949.) 

SLIDING SCALE, [Sime or Striping Rue.]} 

SLING, an instrument with which stones or other missiles may be 
thrown to a great distance. In its simplest form the sling consists of 
a thong of leather, or a piece of cord or some woven fabric, both ends 
of which are held in the hand of the slinger. The stone or missile is 
placed in the fold or double of the thong, which is made wide at that 
part, and sometimes furnished with a slit or socket for the purpose of 
holding it; and the sling is then whirled round to gain an impetus, 
When a sufficient d of centrifugal force is thus generated, the 
slinger allows one end of the thong to escape, and the stone, being 
thereby released, flies off with considerable velocity. In the hands of 
an expert slinger, this instrument may be made to project missiles to a 
great distance, and with surprising accuracy, 

The simplicity and portability of the sling, and the facility with 
which supplies of ammunition for it might be obtained, led to its 
extensive use among the ancients as a weapon of war, as well as for 
other purposes, Its common use among the Jews is intimated by 
several passages of scripture, Several ancient paintings represent the 
use of the sling at an early period by the Egyptians, Some of these 
are given by Wilkinson, In the Greek and Roman armies the light © 
troops consisted in great of slingers, who were called opevdovira, 
or funditores, from opevddvn, and funda, the Greek and Latin names of 
the weapon, The Carduchi, according to Xenophon, annoyed the 
retreating army of the Ten Thousand by their powerful slings. 
(‘ Anab,’, iv, 1, &c.) There are no slingers mentioned in Homer; and 
the word which usually means sling (cgevddyn) occurs only once 
(‘ Iliad,’ book xiii., line 599), and then not in the sense of sling, bs in 
the primary sense of the word, which means a broad band or dage, 
This e has sometimes been strangely misunderstood. The sling 
is not mentioned by Herodotus ; and it is an error to assign the use of 
it to the Persians, for which there appears no evidence but a loose 
expression in Diodorus (xviii. 51), where he speaks of ‘Persians, 
bowmen and slingers, five hundred.” The natives of the Balearic 
Islands attained the highest reputation for their skill in its manage- 
ment; which is attributed to their custom of teaching their children, 
while very young, to wield it, and forbidding them, it is said, to taste 
their food until they had dislodged it from a post or beam by means of 
a sling. Besides stones, leaden plummets, cast in moulds, were used 
as projectiles for the sling. These, which were called glandes, or 
podvBdides, were of an ag, spheroidal form ; somewhat resembling 
that of olives or acorns, ‘They have been often discovered in various 
parts of Greece, and frequently bear on one side a figure of a thunder- 
bolt, and on the other side either the word AEZAI (take this), the 
name of their owner, or some other inscription or device. Some of 
these were of considerable size, weighing as much as an Attic pound, 
or 100 drachmx. Fireballs also have been thrown by slings. Some of 
the slings used by the ancients were managed by more than one cord ; 
one, two, or three being used, according to the size of the missiles to 
be thrown, 

The sling was long used in England. The Saxons certainly used it, 
and seem to have been skilful in its pect Besides the 
ordinary sling, they used one attached to a staff or truncheon three or 
four feet long, wielded with both hands. This kind of sling, with 
which large stones were thrown, appears to have been used pastels 
in sieges and in naval warfare. It is represented in an old drawing, 
supposed to be by Matthew Paris. Slingers formed a also of the 
Anglo-Norman soldiery ; and the sling had not fallen into disuse as a 
military weapon at the commencement of the 15th century The use 
of the sling may now be considered obsolete in this country as an 
offensive weapon. 

(Wilkinson’s’ Manners and Customs of the Ancient Egyptians, first 
series, vol. i, ; Strutt’s — and Pastimes.) 

SLIP, Earthwork, en in an embankment, or cutting, the 
materials move laterally in consequence of some d. action, sey 
are said to slip, and they do so occasionally under circumstances whi 
can only be overcome with great difficulty, and at great expense. 
Slips occur either when heavy loads are placed on incoherent materials, 
which under such circumstances are simply displaced ; or they occur 
when the earth is of such a nature as to absorb so much water as to 
become a semi-fluid mud; or when there are intercallated between 
more impermeable strata beds of sand, or other open materials suscep- 
tible of being removed. The former of these sources of er can 
easily be avoided by carrying the foundations of the intended load to 


such a depth as to ensure their not ¢ any detrusive force ; 
the latter sources of danger are far more com and they require 
to be dealt with very carefully, on account of the numerous con- 
siderations attached to the change of state the materials often assume 
before they get into motion. 
Uniformly permeable materials, such as broken stones, gravel, or 
shingle, are not exposed to slip after they have once taken their aygle 
of re , because the gravity of the separate stones is sufficient to 
keep them in their places whilst the water falling upon their exposed 
‘aces is through them. Very fine sands, however, are 
able to be ee semi-fluid oad some Gomi and ~— then 
have no angle of repose, and are able to spread in every direction. 
Some clays, such as the Oxford clay, the gault, and the London clay, 
which seem te have o: ly been the alluvial muds of marine 
estuaries, subsequently ed and consolidated, are ble of 
absorbing again quantities of water able to bring them into their original 
state; and it seems, from the experience of our railway and canal 
engineers, that many years must pass before cuttings executed in those 
formations attain ent conditions of stability. Instances have 
been known in which slips have taken place in the Oxford clay forma- 
tion when the slopes have been even 10 to 1 (10 base to 1 in vertical 
height); and the New Cross cutting of the Brighton age in}the 
London clay, slipped in the winter 1860-61, although it formed 
part of the cutting for the old Croydon canal executed nearly sixty 
years since. Slips, it may be added, occur in undisturbed natural 
deposits exposed to the action of the sea, or of running water, and the 
same class of accidents, above described as occurring in the cuttings 
and embankments executed by the hand of man, occasionally 1 09 
in consequence of the action of the ordinary laws of nature. en 
they do happen in coal mines, or in analogous positions, owing to the 
interference with the lateral support of the strata worked through, the 
slips are technically known under the name of “ creeps,” and they 
constitute by far the most dangerous, because the most irresistible, 
of the accidents to which coal mining is e ; j 
As slips are principally attributable to the effects of water upon the 
materials concerned, it must be evident that the only method of 
preventing or remedying them must be to establish a perfect system 
of drainage in order to carry off superficial waters without allowing 
them to soak into the ground so as to dilute the soluble materials, or 
to set in motion the more minute icles of the intercallated 
permeable strata. The mode usually adopted near London in dealing 
with the earthworks to be formed around, or for the support of, water- 
works, where of course slips would be of very serious importance, is to 
carry up the embankment in layers, alternately of the clay in its 
ie cick Gua Greta ot ce ee heap ; 
vertical dykes or trenches filled in with burnt clay are carried from the 
top to the bottom of the bank; and the top is dressed off with the 
longitudinal and transverse inclinations required to throw the rain- 
water into a series of surface drains, Theoretically this system is the 
one to be aimed at in all such works, but it is too often the case that 
the cost of the precautions it involves induces constructors to neglect 
some of them; and again it may ry tabs nae materials of the banks 
are exceptionally impermeable, and thus justify a more economical mode 
of treatment. Nevertheless, it must be considered that, especially 
upon ground having a transverse fall, an embankment formed of the 
London clay is always exposed to slip, unless it should have been 
executed in some such manner as the one above mentioned, Broken 
stone or broken chalk may be used instead of the burnt clay; but the 
condition to be aimed at in the application of those materials is that 
they should be perfectly permeable, and that the water they may 
remove should have a free outlet. In deep cuttings, the ence of 
the New Cross section of the Brighton line proves that the London 
clay, as it exhibits itself there, will not stand with slopes of less than 
4 to 1,even when a good system of superficial drains has been executed. 
In no case will the stiff blue clays stand with slopes of less than 2 to 1, 
without giving rise to numerous slips; and those accidents can hardly 
be prevented, unless the inclination of the slopes is made in the ratio 
-of 3to1. An essential precaution to be taken before establishing an 
embankment of clay is to clear its seating from the v ble mould 
which might be originally there, and to provide efficient lateral drains, 
in order to prevent any land waters from finding their way under the 
embankment. In order to ent lateral displacement, or slipping on 


the bed, on sloping ground, it is frequently the case that toothings are 
surface, for tne pares of increasing the friction, 


tad thos of opposing ts 
us of opposing the tendency to slip. 

The earthwork at the back rn walls is frequently so much 
saturated with water that it has very little more consistency than that 
fluid ,itself has; and it is therefore necessary, in order to resist its 
tendency to slip, to calculate the of the wall upon the suppo- 
sition that the wall is intended to resist the pressure of a semi-Auid 
mass denser than water. In many places near London, and in sea- 
ports upon alluvial deposits, the best rule seems to be to make the 
thickness of the walls fe pe on the average to half their height. This 
rule will hald good with most deliquescent clays, such as the gault, 
Oxford clay, the clays of the carboniferous series, &c.; all of these are 
in fact as much exposed to slip as the London clays, from which the 
previous illustrations have been principally derived. 


SLIP, Ship-Building. The slips used for ship-building are inclined | effectually 


ich case 
sufficient width to allow the carpenters to 
for the framing, or by platforms of 60 to 10 
as from 80 to 50 feet are required on each 


sides of the ships built upon them; for, on account of the length of 
time a ship is usually upon the stocks, the materials, which 
happen to be e toaconsiderable excess of either of those actions, 


would be likely to have marked differences in their specific gravities at 
the period of la 3 or, in other words, the weights of the two 


sides of the ship might be very different. e of water it has 
been found advisable to secure over the extremity of the slips at the 
moment of launching a vessel are considered to be as follows :— 


For a first rate three-decker . ; » 18 ft. Oin. 
For a two-decker . 7 F ' i4ft. 9in. 
For a frigate fy! cates ah ih a a ae ing 
For a corvette or small craft . 8 ft. 3in. 


But in all cases it is assumed that the hulls are launched “ light.” The 
depths, moreover, are calculated by measuring from the under side of 
the keels; and as the latter are usually placed in a groove of about 
3 feet wide by 16 or 18 inches deep, in the centre of the slip, it is only 
em the me of this groove that the above-mentioned depths are 
in e. 


, Whereas, for frigates, an inclination of | Tange toe 
, &e.—are most con- 


usual to mak 
construction of vessels about 150° or 160 feet long beyond the 
end of the portion devoted to the stocks and hull, the latter portion 
being at the present day made about 300 feet long; so that a building- 
slip for a large man-of-war is now usually from 450 to 500 feet long at 
amaximum. The width of the sides of the slips, measured trans- 
versely to the line of the keels, should never be less than from 
one-third to one-half of the maximum breadth of the vessels to be 
ee eee eee in practice it seems to range between 22 and 28 


y rain-water falling uw 
away from the slip ; 2, that no interference must be allowed with the 
free circulation of air round the hull; 8, that the shores, either for 
building or for launching, should have a sufficient width of base ; and 
4, that the vessel, in leaving the ways, should have sufficient space to 
be ted trate Be within imeaion ia Eaglisb o: ‘ia 
majority of the building-slij are at 
present day sr at least in the Tength occupied by the vessels ordi- 
narily built on them, Of course the dimensions, in length, breadth, 
and height, of such structures must be regulated by the of 
the vessels themselves; and as naval architecture appears at the present 
day to be in course of change in all these rts ag ihe Pate 
to ape rd rina tear db seria et bah ory subject. It may 
ce, then, to mention that, the old class of 120-gun ships, the 
roofs over the slips were usually made about 300 feet long by 110 feet 
clear span between the points of support, and the ridge was 
kept at about 120 feet above the aes 'for the keel; the 
of the roof must be kept about 6 feet, at least, above the lofti 
rtion of the vessel ; and the opening at the end, through which she 
to be launched, must have at least the same amount of clear space 
in all directions; the side supports of the roof must be placed at such 
distances apart as to allow the framing which may be put on 
the side platforms to be set on end before being carried to their definite ~ 
tions, and in some of the best sli are placed at intervals of 
m 30 to 40 feet. In fact, the conditions to be attained by the roofs 
erected over building-slips are, that the work and the workmen should 
be at all times protected from the inclemencies of the weather, whilst , 
there must be an efficient ventilation and a distribution ds 
together with facilities for the transport and hoisting of the 
The use of iron for ship-bui will no doubt greatly ere Age 
details to be adopted in all these matters; but the principles of 
protecting the whole structure, and of admitting the undis- 
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of the various manipulations, must remain unchange- 


able. 1 srould seem, indeed, that iron ships required to be protected 


i » if it should require repairs, 
at most of the second-rate 
utility for our '. 


er impossible or inex- 
the vessels into graving-docks. This alip consisted of 


inclined way passing down under the hi -water line. Upon 
ey lawnd and brakes, | deseri 
iron cradles adapted to receive the ship's sides, was made 


to pass under the ship at hi The ship subsided 
the cradles with the falling tite ; being then carefully wedged 
4 ined 


iption have been found to answer remarkably well for 


necessary either to resort to the 
ing docks, or to take the vessel into a 
i Morton’s slips are to be 
rts on our coast, they are of 


portant consideration with respect to the construction 
is, that the floor should remain igid under any possible 


y it; for any eqealisy in rate of settlement 
ould not only increase the difficulty of unching, but it might very 


produce a deformation of the’ lines of the vessel, As shi 
almost necessarily takes place on the 


the seashore, or on 


banks of rivers flowing over alluvial deposits, there are very few 


in which the natural foundations are sufficiently resisting 


i therefore becomes necessary to resort to the use of artificns 


OF the pone Reel that the 
portion undations 
attention. 


some of the descriptions already mentioned. It is 


must 


ischarge through a sluice of the 
ion, and without any 


contraction of the fluid vein,) is usually 


calculated by the formula 9= ms ./3ga, in which m=a coefficient of 


of ontlet. This formula, it must also be added, only applies when the 
sluice discharges into the Open air, and there is no head of water on the 


down side, and it becomes Q=ms/27 (H—n’) when there is such a 


th of water on the up side, and n’ the 

formule s represents the area, and g, 
vity. By forming the commencement of 
ibed by Venturi in his remarks on the 


of ajutages, the of single sluices may be increased to 


value of m=0°984; but unless the 
in , or in cast iron, it 


would be diffieult to effect this improvement ; and in practice it is 


Tarely attempted. 


Canal sluices, or sluices 


drainage of land, rarely work under great heads of water, and they do 


not therefore 


ulre an 


req very precautions in the con- 
struction of their channels, or of their mackie but in the sluices 
used for scouring harbours, and i in those used for drawing 


off the water for town supplies, the vy, 
necessary to build some portions with 

WA? Gal means rare to meet with Scouring-slnices working with a 
head of water equal to 16 or 18 feet, and the variable 


it 


allowed 
these 


of efflux renders it 
care, i 


the water rushes out with such force 


to tear up the surfaces it comes immediately in contact with, and it is 
therefore 


i 
materials of ¢ 


The apron at the 


the valves, are in almost all cases executed either in solid masonry, 
or in iron pipes, to which the framework of the valves is fixed. 
In small sluices, discharging water into tidal rivers, the outlets 


, but to 


area of the water-way 
in the case of Scouring-sluices—doors must also 
be employed. Valves, in fact, are the most suited for closed channels, 
or aqueducts; turning doors for large areas of water : the former 
ption of machinery i 
mentioned under WaTrER Svprty ; and the latter, in Sganzin’s ‘ Cours 
te Construction, and Minard’s ‘ Travaux Hydrauliques des Ports de 

er.’ 

The question as to the advantages of scouring-sluices for the pur- 
pose of removing accumulations in harbours, is one upon which 
opinions are nek divided : for although when the water from the 


sco! reservoirs is allowed to sone with considerable velocity, it is, 
ie 


able to act very energetically upon 
confined part of the channel ; yet directly the stream passes the heads 


* 


the tides. At the present day, the tendency of modern engineering is 
to abandon the use of Scouring-sluices, and to trust entirely to dredging 
for the removal of the alluvial matters carried into the ports ex 
to that inconvenience. But as there are many occasions in which it 


are :—Ist. To make the impounding reservoirs of such forms as to 
insure the prompt discharge of the whole quantity of water they may 


contain, for which 
line, is the most advantageous ; 2nd. To make 
the outlets as large as possible, and to continue the outfall channel as 


unst ;’ Rennie, ‘On Harbours ;’ in Weale’s ‘ Quarterly Papers on 
Architecture ;’ Sim’s ‘ Public Works of Great Britain ;’ D"Aubuisson’s 
‘H 7 ue,’ &e. r 
LUR, in Music, a curved line (——~) more or less extended, as 
may be required, drawn over two or many notes. If placed over two 
notes on the same line or s it signifies that the second is not to be 
Tepeated, though to be held out its due time. When drawn over notes 
on different , it signi they are to be legato, that is, tied 
ca aved ina smooth blending m + This character j 
a bind, and also a tie, 

SMALL-POX (Variola). Tt is a subject of dispute whether this 
disease was known to the ancients, or hs it has originated at a 
comparatively recent date. Those who contend for its antiquity refer 
us to the account of the plague of Athens by 5 pag dnp (il. 46, &,) 


is sometimes 


te 961. The first author, however, who 
of small-pox is Rhazes, an Arabian physician [Ruazzs, 

in Broa, Drv.) but even he confounded it with measles, and these 
two diseases continued to be considered as modifications of the same 
disorder till the time of Sytenhazn. Small-pox, when it occurs naturally, 
premonitony symptoms of eruptive fevers, 

such as rigors, pains in the back and loins, prostration of strength, loss 
of appetite, nausea, and sometimes vomiting, and, in young children, 
frequently convulsions, About forty-eight hours the commence- 


ies le 


- 
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colour, and studded with slight depressions or pits, As the eruption 
travels from above downwards, the parts of the body successively 
attacked by it become affected with swelling, the mouth waters, and 
the voice is hoarse; when the incrustation has taken place, these 
mptoms subside, but a fever commences, which is some- 
times more severe than that which preceded the outbreak of the 
eruption. Small-pox, agen eg its. severity, is distinguished by 
authors into two varieties, the distinct and the confluent, variola discreta 
and confluens, In the former, the pustules are few in number, well 
formed, and do not touch each other, and the fever is inflammatory, 
but mild; in the latter, the disease altogether is more violent, the 
eruption more general, and the pustules, small and unhealthy, run one 
into another. © fever likewise is greater, and rather of the typhoid 
character, is not mitigated on the appearance of the eruption, and is 
much wated at its termination; there is delirium, considerable 
prostration of the vital powers, ptyalism, inflammation of the fauces, 
and frequently diarrhoa, Petechiw and an unhealthy exudation from 
the ly often accompany this form of the disease. Among the 
mucous membranes, the larynx and trachea suffer much, and children 
often die of suffocation from this cause; the extent of mucous dnd of 
cutaneous inflammation, however, are not always necessarily a ork 
tioned to each other. Small-pox rarely attacks the same individual 
more than once, and, like measles and scarlatina, its consequences are 
sometimes more to be dreaded than the disease itself. During the 
secondary fever, an intense form of ophthalmia frequently sets in, 
which rapidly involves all the structures of the eye, and in the course 
of a few days destroys its entire organisation. Although it is not 
common to have both eyes thus affected, still a large proportion of the 
blind at our public institutions owe their misfortune to this disease. 
Pleurisy, consumption, scrofula, obstinate diarrhawa, and a fetid dis- 
charge from the ears attended with more or less deafness, are the 
ap aa diseases liable to result from a severe attack of small-pox. 
he immediate cause of this disease is a peculiar miasm or poison 
received into the system from an individual labouring under the same 
affection, and it is said to make its appearance in from twelve to four- 
teen days after exposure to the contagion; when, however, it is com- 
municated by inoculation, it appears on the seventh or eighth day. 
Instances are recorded of mothers who were exposed to the infection 
of small-pox, communicating the disease to the fatas in utero, without 
being themselves affected by it; and, what is equally remarkable, 
women suffering from small-pox during pregnancy, have brought forth 
healthy children, who did not take the disease till they were inoculated. 
Small-pox is frequently epidemic, especially in the spring, and, like all 
other epidemics, those who are first attacked by it suffer the most 
severely : it is observed also to be greatly influenced by certain con- 
ditions of the atmosphere. 
_ Small-pox can be communicated by inoculation with the matter of 
its pustules, and the resulting disease being rendered milder by this 
operation, it was formerly much practised to the individual against 
a spontaneous attack ; since, however, the introduction of vaccination 
by Dr. Jenner, the practice has been deservedly abandoned. Vaccination 
was wepeenes by its discoverer to secure the individual permanently 
and effectually from the contagion of the small-pox; more extended 
experience has proved, that although it does not always prevent it, 
yet it so shortens its duration and moderates its violence, that a 
death from small-pox after vaccination is a rare occurrence. A dif- 
ference of opinion prevails respecting the character of the eruption 
which occasionally appears after exposure to variolous infection in 
persons previously vaccinated, According to many, it is nothing more 
than chicken-pox; while others affirm that it is really small-pox, 
although modified by the controlling influence of the cow-pox. The 
trath appears to be, that “modified small-pox” resembles the 
chicken-pox in its mildness and duration, but differs from it in its 
originating from the “ variolous germ,” and in its power of commu- 


nicating true small-pox to others, as well by inoculation as by 
infection. 
The history of the different epidemics of small-pox shows the mor- 


tality to be one in four of those attacked who had not been vaccinated ; 
whilst of those who had undergone vaccination the proportion was 
not one in 450. From the register kept at the Small-Pox Hospital in 
London, it appears that the mortality at this institution is consider. 
ably greater than one in four, having averaged during the last fifty 
years 30 per cent., the extremes being 18 and 41. From the same 
source we learn that the greatest number of deaths occurs on the 
eighth day. Of 168 fatal cases, there died in the first week 32; in the 
second, 99; in the third, 21; and in the fourth and after, 16. The 
causes of death at these different periods are the following ;-—1st week, 
malignant fever; 2nd week, affections of the throat, and consequent 
suffocation ; 3rd week, or during the secondary fever, febrile excite- 
ment, mortification of portions of the integuments, pneumonia, 
pleurisy, or laryngitis; 4th, and following weeks, exhaustion, erysi- 
, or some of the diseases before enumerated as liable to result 
small-pox. It was formerly supposed that the eruption of variola 
was not confined to the skin, but invaded also the internal parts; this 
is not the case, the internal affections are simply inflammatory, and do 
not of the specific character of the cutaneous disease. 
ey Plan of treatment is required for small-pox ; it is that 
of ©} fever: cleanliness, free ventilation, an attention to the 


strength of the patient, and a watchfulness accidental compli- 
cations, are the principal points to be kept in view. During the 
eruptive stage of the disorder, the bowels should be moderately 


open by saline aperients, and the occasional exhibition of a mild mer- 


curial. The temperature of the skin may be by cool air, or 
by sponging it with tepid vinegar and water ; if should be much 
unpleasant effluvium from the surface of the body, washing it with a 
weak solution of one of the chlorides will be found to correct this, It 


has been recommended by some writers, and has been long a 

in Eastern countries, to pierce the pustules with a fine pede 
procedure, it is said, lessens the violence of the fever, 
prevents pitting. M. Serres, with the same object, directs the appli- 
cation of lunar caustic to the pustules on the fourth day. As a general 
rule, we should say that venesection is not admissible at any period of 
small-pox ; indeed we have no hesitation in affirming that some of the 
severest consequences of the disease may be averted ye — 
employment of measures of an opposite tendency to - - 
The sloughing of the integuments, and the intense ophthalmia, ray 
terminating in entire loss of vision, are eminently connected wii 
enfeebled and cachectic state of body ; and the best mode of averting 
these evils is to have recourse early to those remedies which are mdst 
efficacious in ing their Hence quinine, combined with 
the mineral acids, illa, wine, brandy, if the powers are 
reduced, and animal food, if the patient can eat it, must be 
veringly administered. It may not be out of place here to mention 
that the character of the ophthalmia termed variolous has only lately 


Z 


painting and varnishing -porcelain an: 


is , to melt,” or the substantive schmelz, which means 
“enamel.” Smalt or smalts is called also schmelz or schmalz-blau. 

When the glass attaches itself to the workman’s rod, and can be 
drawn out into threads, it is ready for pouring. The glass gall or 
sandiver is skimmed off, and the several metallic impurities of the 
cobalt subside; the latter being afterwards separated, form an article 
which is known in commerce by the name of speiss, It is variable in 
its composition ; but may contain cobalt, nickel, iron, arsenic, bismuth, 
and silver. The blue glass is taken out of the glass pots in iron ladles, 
and poured into water in order that it = be readily Bone 
After this it is crushed at a stamping mill, sifted to the size of 
ordinary sand, and then ground in a mill between horizontal 
stones for from four to six hours. The powder thus produced is trans- 
ferred to large vats of water, and in a few minutes a separation of 
particles takes place, the heaviest, or those richest in cobalt form a 
deposit, which constitutes one of the commercial varieties of smalt, 
known as azure, coarse blue, or strew blau. The number of minutes 
required to form this deposit varies withthe season, it being {some- 
what longer in winter, when the water is colder and denser than in 
summer. The water above the deposit, holding finer particles, is 
drawn off into other vats and allowed to subside for a time, varying 
from three-quarters of an hour to an hour and a half, ing to the 

uality of powder required. The term farbe or “ colour” is applied to 
ese deposits. The water is again drawn off into reservoirs and 
allowed to remain for an indefinite length of time, the deposit being 
known by the name of eschel or “ blue sand.” 

The colours thus obtained are all 


for the market. “Each deposit is agitated in tubs abundantly su 

plied with water, and is then left to subside for a length of time, ‘which 
experience has taught will produce the i variety required. 
During the subsidence, any floating impurities are se} by means 
of a fine horse-hair sieve. The water is then ly decanted off 
into another vessel; the deposit just formed is treated with fresh 
water if necessary ; and all these waters in their turn, on being drawn 
off, deposit different varieties of smalt, either in the form of 
eschel.” The various precipitates 
drained are placed on shelves in a warm room or they are dried spon- 
taneously in an airy loft. The hard masses thus formed are crushed 
and sifted, placed in a hot room with occasional stirring, and when 
dry are taken to a room in which are arranged a number of squares 
containing the different shades of smalt with their numbers, 


SE ee 


again subjected to the action of : 
water—washing over or elutriation, as it is called,—before they are fit — 


be or — 
being taken out of the vats and — 


sorting is followed by a final sifting, and the smalt is packed in small 
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casks of half a hundred weight each. The powder is moistened with 
a little water to prevent waste, and the cask is marked with the name 
of the shade. . Z 

It may be remarked that artificial ultramarine [ ULTRAMARINE ] 
has superseded some of the uses for which smalt was formerly in large 
demand ; 


SMELLING SALTS. [Amnonta.] 

SMELTING. The processes of smelting, or extracting metals from 
their ores, are described under the names of the principal metals, such 
po ong Ld Matt Perce! dent Baleep raat a 

LACIN. (C,,H,,0, or C,,.H . arin. Pareglin. 
i inci Bins pe foie (Smilax Sarsaparilia). It exists 


Smilacin dissolves in weak acids and alkaline solutions, and separates 
from them unaltered when they are neutralised. Nitric acid partly 
decomposes it. Sulphuric acid colours it first deep red, then violet, 
and afterwards w ; water precipitates it unaltered. 

SMILAX, Medical Properties of. Though, according to Dr. Hancock, 
but one species of this rather extensive genus yields the genuine sarsa- 
parilla, it is quite certain that the roots of many are collected, and 
that name in commerce. ater oe of smilax are pro- 

i igin to first half of the name 


' 
i 


ne 
A 
i 


r. Berthold Seemann in 
The 
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1. Jamaica, or Red, Sarsaparilla.—This occurs in bundles formed of 
a roundish mass, about a foot or more in 
inches broad. Each bundle is formed by the 
roots and rootlets (fibrille, or beards, as they are technically termed), 
without any portion of the rhizoma (or chump) or of the aérial stem. 
The roots are long, slender, about the thickness of a small quill, with a 
dark-brown furrowed or wrinkled bark. The bark is thick , easily 
separable from the ligneous part beneath. The ligneous part is of a 
light red, which assumes a deeper hue when moistened. It is easily 
split longitudinally, and has a whitish centre or medulla, containing 
more or Jess starch. But for the absence of medullary rays and of 
nodi, this root might be taken for the twigs of an exogenous plant, to 
which the structure of the smilacew approximates in several other 
section exhibits the cuticle and epidermis, which 
are from the inner or ligneous circle by a zone of cellular 
tissue; then the duramen, which presents the cut or open extremities 
of numerous ducts; and lastly, the medulla, or pith, in the centre, 
The duramen, porous, is of a denser texture than that of the 
STapPiatvsah, vatestiteg: Wiccan wat woe "vary narid or btaer 
nauseous, resem $ t very or bitter. 
No variety of sarza has any odour, but dirty or unwashed specimens 
have a faintly earthy smell. 
is a light reddish-brown, which, when triturated with 
water and tincture of iodine, ¢ to a blue, but of less intense 
depth than the Honduras sarza, i ive of a smaller proportion of 
starch 


in the former. 
According to Mr. Pope (‘ Trans. Medico-Chir. iy ML ps 
349), “the whole m efficacy resides in the bark; and the root, 
and tasteless woody- 


ed of its cortical part, contains only pith 
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fibre.” The tasteless character of the wood renders this statement 
very le. He further sa; ik yrtnme dl de teat be 
the of its virtues by cold infusion in distilled water, very readily 
to lime-water or water d with sti 


3 and 


slightly impregnat 


that b distilled water extracts all its virtues.” He deems the 

extract yielded by any specimen the criterion of its excel- 
lence. Judged by , the Jamaica sarza is manifestly the 
best. His have confirmed by those of Mr. Battley, 


Smilax oficinalis (Humbt.), which is conjectured to be the parent 
wild root, grows in New Granada, on the banks of the 
river, near Bojorque. 

2, Lisbon, Para, or Brazilian Sarza.—The term Lisbon sarza was 
also bestowed on the sort just described, for as Lisbon sarza was till 
lately most esteemed, the former on its first introduction was vended 
under that name. The true Lisbon sarza is the produce of Smilax 
syphilitica, which grows both in New Granada, on the river Cassi- 
quiare, between Mandacava and San Francisco Solano, and in Brazil, 
on the Yupura and Rio Negro, by which last name it is sometimes 
designated. ns, ‘Reise, iii, pp. 1213, 1280.) The Indians 
collect it all the year round, dry it over a moderate fire, and tie it into 
bundles with the flexible stem of a plant called Timbotitica. To 
prevent its being attacked by insects, they hang it up at the gables of 
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the houses, and sometimes gently smoke it. These bundles have a 
neat appearance externally, but the interior is filled up with the chump 
and other rubbish. The fibres vary in thickness from that of a straw 
to that of a crow-quill, with little beard, and fewer longitudinal 
wrinkles than the Jamaica sarza; the colour, a light, sometimes a 
dirty grayish-yellow, or reddish-brown colour, internally white; the 
cortical part mealy, including a thin cellular layer, which, with the 
duramen, is also white. Taste at first insipid, but on prolonged masti- 
eation a sort of acrid guttural taste, without bitterness, is experienced. 
This kind contains more starch than the Jamaica variety, and yields a 
paler infusion. 

3. Honduras Sarza was the kind first introduced into medical 
practice, a circumstance which still leads many persons to prefer it. 
It generally comes over in very large bundles, weighing from one 
hundred to one hundred and fifty pounds, but sometimes in small 
round bundles. Each piece has the chump and the numerous roots 

ing from it. The chump is often two inches thick, woody, 
, and insipid. The roots are from two to four feet long, mostly 
thicker than those of the Jamaica or Lisbon kinds. The outer part is 
a dirty grayish-yellow, sometimes verging to brown or reddish. The 
cortical is very easily separable from the ligneous; between the 
epidermis and the duramen is a thick white amylaceous layer, whence 
a large quantity of flour or starch falls when the piece is broken 
across; hence the term mealy, applied to this variety. A transverse 
section exhibits a great many cut extremities of ducts, which run 
parallel, and are so continuous, that air can be blown from one end to 
the opposite of a considerable piece. This kind has no odour, and the 
taste is at first merely starchy and insipid, but at last acrid and 
guttural. The rhizoma (or chump) is altogether tasteless. The fibres 
and the bark are rendered black by iodine; while the rhizoma is not 
affected by this reagent. The decoction of the roots is changed to an 
intense blue by a solution of iodine. ‘A strong decoction of Hondu- 
ras sarza forms a copious precipitate (starch) on addition of alcohol.” 
(Pereira.) 

4. Vera Cruz Sarza is not common in the English market, but is 
occasionally sold under the name of Lisbon sarza. It is the produce of 
Smilax medica (Schlecht), which grows abundantly on the eastern 
slope of the Mexican mountains. Externally the fibres are more 
furrowed than the Jamaica, The transverse section is denser in the 
young roots, and it is not mealy ; there is little beard. The chump is 
always attached. It yields a deep-coloured decoction, which is un- 
changed by a solution of iodine. The sarsaparilla of the Caracas of 
French writers is deemed to be the Vera Cruz sort. 

5. A kind called Lima Sarza is brought in considerable quantity to 
this country, and tly resembles Jamaica sarza, for which it is.said 
by Dr. Pereira to be extensively sold, and from which it differs chiefly 
in yielding a less quantity of extract. 

t is manifest that the S. sarsaparilla (Linn.), which is a native of 
the southern states of the American Union, yields none of the article 
used at present in Europe, though it may yield a portion of what is 
used in the United States. But this is denied to be used in the United 
States by Dr. Wood, though indicated in.their Pharthacopeia, and 
Willd., iv., 776 referred to. 

Besides the above-described varieties, the uce of different species 
of smilax, there are numerous spurious or false sarsaparillas, some from 
known, others from unknown sources. Italian sarza is the root of 
Smilax aspera, the only species native of Europe. It is a very worth- 
less kind, and owes its reputation to a mistake by which it was con- 
sidered to be the source of the Indian sarza, a valuable root, but 
which is the produce of an asclepiadeous plant, Hemidesmus indicus. 
German illa consists of the rhizoma of one or more species of 
It may easily be distinguished from 
the genuine by the numerous nodi, which are absent from the smilax. 

active properties are mostly de to the salseparine, the resin, 
and, when present, to the volatile oil. The more acrid and bitter any 
specimen of sarza is, the better. 

The virtues of sarsaparilla are the subject of much mete J of 
opinion; many prncbieal! mets deeming it very useful, while others 
consider it nearly worthless. This difference seems owing partly to its 
being employed in different diseases by the one set, from those in 
which it is used by the other, and still more to inherent differences in 
the icular foot used. It is collected at all seasons of the year, and 
in of its growth, circumstances which cannot fail to influence 
its qualities ; as young roots gathered before the flower appears must 
differ greatly from old roots gathered after flowering. But a more 
important cause of difference exists in the mode of preparing it for 
administration. The long period enjoined in the ‘London and Edin- 
burgh Pharmacopoias’ for boiling the root is most injurious, and in 
reality the order is never obeyed by any of the chemists or druggists 
who have obtained a reputation for their preparations. They either 
use water of a temperature far below that of boiling, or perfectly cold 
water, as ordered by the Dublin Pharmacopoeia, and recommended by 
all the most eminent continental pharmaceutists, The powder is not 
thus injured, but its bulk and taste are obstacles to its full employ- 
ment, The compound syrup of -the latest edition of the American 
Pharmacopoeia is a most excellent form as an addition to some of the 
watery preparations. A mixture of preparations made with both hot 
and cold water seems best, as these menstrua dissolve out different 
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Carex, C. hirta and C. arenaria. 
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so fits it for exportation. 

The efficacy is sometimes heightened by the introduction of a small 
quantity of bichloride of mercury—a very objectionable proceeding, as 
® person taking mercury ignorantly, may expose himself to cold and 
run extreme risk of life. 

The curative powers of sarsaparilla are often very much heightened 
by combination either with alkalies, especially lime-water, or in other 
cases with acids, particularly the nitric. When properly prepared, and 
administered in suitable cases, no one can doubt the efficacy of sarsa- 
parilla, From the high price of it, and the great consumption, 
attempts have been made in many of the great hospitals to dispense 
with it or discover a cheaper substitute, but without success, In the 
worn-out or debilitated systems so common in the patients by whom 
these establishments are crowded, its utility is daily manifi This 
is partly owing to the care taken to procure the best kinds, and partly 
to the appropriate use made of it, for the sake of economy. It is 
chiefly used in chronic, syphilitic, rheumatic, gouty, and cutaneous 
diseases. Its most obvious action is diaphoretic, but if the patient be 
kept cool, diuretic. In cases where an acid is indicated, the Hemides- 
mus indicus, which is possessed of a natural acid (hemidesmic acid), 
will be found a useful substitute for the artificial preparations. 

If any European plant ever prove a proper substitute for sarsaparilla, 
it will probably be the Zamus communis, or black bryony of our hedges, 
the root of which, when scraped and applied externally as a poultice, 
rapidly promotes absorption of effused blood. This is well known to 
bruisers, gypsies, and others, who to remove ecchymoses of the eye 
apply a poultice of! this root, and —— remove the blackness in 
twelve or twenty hours, (Tyrrell ‘On the Eye,’ vol. i., p. 200.) 

A long list of plants used as substitutes is given by Th. Martius in 
his ‘ Pharmakognosie. In many cutaneous diseases petroleum will be 
found quite as efficacious. It is far cheaper and taken in smaller 
doses. Pariglin, or smilacin has been recommended by Palotta, but 
it has not come into much use. 

,» SMOKE BALLS. [Licur Baus. 

SMOKE; SMOKE-PREVENTION. Smoke is the vapour arising 
from substances in a state of combustion. In its more extended sense 
the word is applied to all the volatile products of combustion, which 
consist of gaseous exhalations charged with minute portions of carbon- 
aceous matter .or soot ; but the term is frequently employed to express 
the carbonaceous matter only. It is important to bear this distinction 
in mind, as it involves a fact which appears to have been sometimes 
overlooked: namely, that however completely the soot may be 
destroyed, and the smoke be thereby rendered invisible, it still remains 
necessary to provide means of free exit for the deleterious gases. 
The action of an ordinary chimney in conveying the smoke from a 
fire situated at its lower extremity is very simple. The air in the 
chimney, being rarefied by the heat, becomes lighter in proportion to 
its bulk than the surrounding atmosphere, and therefore. rises: its 
place being supplied by fresh air forced in at the lower end by the 
pressure of the comparatively heavy cold air outside the chimney. A 
constant rising current is thus created, the force of which is sufficient 
to carry up with it any light bodies, such as the particles of soot which 
escape from the fire. The intensity of this current depends much 
a the height of the chimney; for it is evident that the higher a 
chimney is, within reasonable limits, the greater must be the difference 
between the weight of the column of hot air which it contains, and 
that of a column of cold air of equal elevation. It is also evident that 
the hotter the air in the chimney is kept, the more rapidly it will rise. 
Hence chimneys act better when built in stacks. or when in the 
interior of a house, than when single, or when outside the walls. 

The cireumstances which impede the proper action of chimneys, and 
occasion the annoyance of smoke in houses warmed by common open 
stoves, have excited the attention of many individuals, and formed the 
subject of several treatises. Franklin analysed the subject very 
pry and published a pamphlet pointing out nine causes, or 

inds of cause, for the evil. 1. The want of a free supply of air to 
the bottom of the chimney. It is of little consequence ya spacious 
the room may be into which the chimney opens, if the access of fresh 
air to the room be cut off. As the hot air escapes from the top of the 
chimney, its place must be filled by fresh air taken from the room. 
But if the entrance of the external atmosphere be insufficient, every 
chimney-full of air abstracted from the room lessens the density of what 
remains, so that the draught will decrease until the air in the chimney 
and that in the room are of equal density; after which it will cease 
altogether, and the smoke will no longer ascend. This inconvenience 
can only be remedied by providing openings for air commensurate to 
the demands of the fire. Whenever it is practicable, the best situation 
for them is near the top of the room, and over the fire-place; because 
the entering air is then warmed by the warm air which rises to the top 
of the room, and becomes pretty generally diffused. The object may 
be attained by leaving a window a little open at the top, or by pro- 
viding long narrow openings above the window or immediately beneath 
the cornice, Another plan is the use of a pane of glass in the window, 
hinged to the frame at its lower edge, and papibla of being opened 
more or less as required ; side-pieces of glass being added to prevent 


the.air from entering laterally, Sometimes a number of strips of 
plate-glass, so as to resemble a Venetian, blind, are used; 
these {being so placed as to throw the air upwards. The common 
ventilator, or whirligig, answers the same p' and diffuses the air 
in some degree by its rapid revolution, occasioned by the action of the 
current upon its inclined vanes, 2, Many chimneys smoke because 
the opening at the lower end is too . While a small opening to a 
tall chimney increases the draught to an improper degree, and causes a 
wasteful consumption of fuel, a large opening to a short funnel will 
allow the smoke to escape into the room ; because all the air required 
by the chimney may enter at one side of the opening, leaving the other 
side free from current, and therefore allowing the smoke to puff out. 
In such a case the draught is weakened by the coldness of the air 
which enters the chimney at such a distance from the fire as to be 
very little affected by it, is defect must be remedied bags 
the opening. 3, A third cause of defective action is funnel or 
chimney being too short, The same effect is produced when the flue 
from an upper story is turned into one from a lower room. The 
inconvenience of such an ent may be somewhat diminished 
by a contrivance for closing the collateral flue when not in use. The 
shortness of a chimney may sometimes be rendered harmless b \- - 
tracting the entrance, so that all the air entering it shall be highly - 
heated, by passing immediately over the fire, 4. Different chimneys 
in the same house occasionally overpower each other. If we suppose 
two stoves, each having a distinct chimney, in a room without a 
sufficient supply of air from without, we may conceive that one fire 
becoming stronger than the other, may overpower it, and obtain a ' 
supply of air down the chimney of weakest draught; the descending } 
current of course blowing the smoke of the weaker flue into the room, . 
Precisely the same effect will take place if the stoves are in different 
rooms ; provided there be, owing to the opening of the doors, a com- 
munication between them. This will account for the common case of 
a Y eet chimney smoking whenever the room-door is { 
although it may act properly when the room is closed, and 
cut off from the effect of the kitchen chimney. The proper cure F 
clear; if every room have a free supply of air from ah cit gy xl 
will cease to be any probability of the chimney of one apartment oyer- j 
powering that of another, 5, Another cause arises from the situation 
of the house. If a house stand under the brow of a hill, or in the 
vicinity of a much higher building, the wind, passing over the how 
obstacle, beats down into the chimneys of the sheltered house, 
prevents the exit of smoke. This may sometimes be remedied 
raising the chimney, and in other cases by means of a cowl, or i 
cap, the opening of which always turns from the wind. The o; 
cowl is turned by means of a vane attached to its upper part; 
patented by Mr. Pollard is turned by wheels set in motion 
action of the wind upon the oblique vanes of a rotatory flyer. 
contrivance consists of a square box placed on the top of the 
each side of which is a ava Waal ak one edge, and conn 
means of an iron rod, with the door on the opposite side of 
in such a way that when one door is sibel bs the force 
wind, the opposite one opens, and allows the smoke to 
6. Chimneys occasionally smoke from a cause just the reverse 
last described. This occurs when the chimneys are low, and 
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down a chimney which is out of use. i U 
stance that a stack of chimneys usually maintains a more uniform 
temperature than the surrounding air. When in the middle of the 
day, the air generally becomes warmer than that in the chimneys, the 
current moves downward, carrying with it. smoke that may happen to 
be ing over, or escaping from a neighbouring flue. fees, or 
ister, closing the bottom of the chimney when out of use, obviates 
this inconvenience. 9, Chimneys, which under ordinary circumstances 
perform very well, occasionally smoke in consequence of the passage of 


a strong wind over them, which the force of the rising vapour is 
insufficient to cope with. Among yarious modes of cure , one 
is to make the top of the flue funnel-shaped, with a view to itate 


the escape of the smoke under such circumstances ; another, to reduce 
the opening at the top to a long narrow slit. Probably a cowl might 
be of use in such a case, : 

The nuisance occasioned by the smoke of coal-fires has formed a 
subject of complaint from the earliest, times in which mineral fuel was 
extensively used; and the great increase of penn ene and other 
furnaces, consequent on the extension of man afforded, of 
late years, additional ground for attempts to abate the nuisance, Such 
attempts are important, not only for the purification of the air, but 
also for the economy of fuel; since the matter which gives smoke 
objectionable density and colour is unconsumed fuel in a finely-divided 
state. It appears, therefore, that if a supply of air could be thrown 
into a fire in such a way,as to occasion the combustion of the carbona- 
ceous matter, the result would be that a greater amount of heat would 
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be obtained from a given quantity of fuel, at the same time that the 
nuisance of smoke would be abated. It may be observed, that the 
quantity of smoke emitted from furnace-chimneys varies much with 
the state of the fire, being greatest when a mass of fresh fuel is thrown 
on, and least when the fire has burned clear or the fuel is fully ignited. 
Attention to this circumstance, on the of the stoker, will greatly 
diminish the nuisance ; because, if he ww on the fresh fuel in a thin 
layer, it will the sooner become perfectly ignited ; and, by laying it in 


was cr erm hot ; by which means the smoke, by coming into close 
contact wit! 


furnace be cold, it diminishes the heat of the fire ; and if hot, expense 
is incurred in heating it, whether this be effected by a separate fire or 


once to the back of the furnace. By this means three parts of coal 
be used to one of coke, with v little 

Pedieidiaa deodo of destroying | is by injecting steam into the 

several minute jets, from a fan-shaped distributor in the fore part of 


e steam not only destroys the smoke, but also greatly 
increases the intensity of the Thus the necessity for a large 


# saving of fuel to the amount of 33 
five hours being respectively 558 and 812 lbs, As a drawback from 
this saving, the plan requires, in a steam-engine furnace, about one- 
tenth of the steam generated, and in other furnaces renders necessary 
the erection of a amall-boiler. It is proposed, in high-pressure engines, 
to make use of the waste steam for the purpose of injection. 

Besides the numerous plans for the combustion of smoke, various 
methods have been tried on a limited seale for conducting it to a dis- 
tance from the buildings in which it is formed, by means of subterra- 
neous channels ; and for condensing it by means of a shower of water, 
80 that the sooty matter might be conveyed away by the sewers. 

In 1819, a committee of the House of Commons was appoin’ “to 
inquire how far it may be practicable to compel persons who use 
steam-engines and furnaces in their different works to erect them in a 
manner less prejudicial to public health and comfort.” The committee, 
in their , hoticed, among other plans, that of Mr. Steel, in which 
the fuel was supplied in a constant stream, by means of an inclined 
hopper ; the quantity of coal supplied in a given time, and the size of 
the pieces, tality regulated by a grooved roller. The fuel was distri- 
buted over the bed of the furnace by the motion of the grate itself, 
which was of a circular form, and turned on a central pivot. The 
committee, after much investigation, reported that efficient means for 


per cent. ; the consumption in 


- destroying smoke had been “ satisfactorily and effectually obtained.” 


An act of parliament was passed to enforce the use of smoke-consuming 
apparatus ; but it was very little attended to, and the smoky condition 


Nearly all concurred in opinion that smoke may be nearly prevented, 
either by existing methods or by apparatus easy to devise. Voluntary 


itive saving of fuel effected by 
the avoidance of smoke ; but most of the manufacturers declared that 


cally, as being practically attainable, morally obligatory, and financially 
profitable. Another committee sat in 1845, followed by an attempt to 
pass a smoke-prevention act; but this was frustrated by certain 
influential manufacturers, who did not like the trouble attending the 
adoption of new apparatus. When the Health of Towns’ Act was 
passed, clauses were introduced which empowered town-councils to 
attack the smoke nuisance in their own way, and within the limits of 
their own towns; and many places availed themselves of this power. 
After other minor attempts at legislation, acts were passed in 1858, 
1856, and 1857, rendering it compulsory to adopt smoke-preventing 
contrivances. Two of these acts related to the metropolis and one to 
Scotland. Certain trades were exempted from the operation of the 
statutes, and certain dates were named on which the penalties for non- 
observance would begin to be enforced. Not only furnaces employed 
in trades and manufactures, but also steam-boats working above London 
Bridge, were brought within the scope of the acts relating to the metro- 
polis. The police received certain powers in relation to this matter, 
and the provisions of the acts were sought to be enforced by penalties, 

Improvements have resulted from these legislative enactments ; but 
the evil is still far from being removed. There seem to be difficulties 
attending the enforcement of the law. Those manufacturers, whose 

are arranged on the old plan, protest against the expense 
necessary for adapting the smoke-preventing apparatus ; and they are 
not slow to declare that the several inventions fail in some or other of 
the requisite conditions. On the other hand, the statements are most 
clear and positive that the evil can be prevented, and that a saving in 
fuel rewards those who resolutely make the attempt. Printers, woollen 
spinners, builders, metal-founders, button-makers, sugar-refiners, steam 
corn-millers, porter brewers—all have placed upon record the declara- 
tion that gain as well as cleanliness results from the adoption of 
smoke-preventing apparatus. : 

We shall make no attempt to describe the numerous forms of appa- 
ratus patented within the last few years. All of them belong to one 
or other of two classes. They attempt either smoke-conswmption, by 
supplying the heated smoke, at a particular spot, with fresh air enough 
to kindle and consume it; or smoke-prevention, by so supplying fuel 
that it may ignite without forming smoke at all. Jukes’ apparatus 
belongs to the latter class, 

The inventions of Dr. Arnott would call for some attention here, 
were it not for the fact that his ingenious stoves and ventilating appa- 
ratus had better be described under Warmina AND VENTILATION, 
in connection with many other kinds of apparatus for similar 


purposes, 

SMUGGLING is the clandestine introduction of prohibited goods, 
or the illicit introduction of goods by the evasion of the legal duties. 
Excessive duties present an overwhelming temptation to men to evade 
them ; and the law loses a great part of its moral influence when it 
first tempts to violation of it and then punishes the offence. The true 
remedy is a wise tariff. It annihilates at once a traffic which no inge- 
nuity can ever put down; for all experience proves that so long asa 
profit can be made by smuggling sufficiently high to counterbalance 
the necessary risk, it will not fail to flourish, The decrees of Berlin 
and Milan, instead of annihilating commerce, only forced it into extra- 
nr channels. Silk from Italy, for example, instead of being 
received in England by the most direct means, often arrived by way of 

and Smyrna ; in the former instance being two years, and 
in the latter twelve months, on its passage, Sugar, coffee, tobacco, 
and eotton-twist were despatched from England to Salonica, and thence 
conveyed by horses and mules through Servia and Hungary to Vienna, 
from which place they were distributed over the Continent, in defiance 
of the rigorous decrees of Napoleon ; it might happen that coffee was 
consumed at Calais which, instead of being sent direct from London, 
arrived by the above circuitous route. 

We have only to examine the tariff of any country to know if 
smuggling is practised ; and if a bad system of commercial policy has 
been long pursued, there the smuggler will be found. The contra- 
bandista of Spain figures in noyels and tales of adventure. In no 
country is the illicit trade so general and extensive. The exports to 
Gibraltar from England are very large, and a great proportion is intro- 
duced by smugglers into the interior. Nearly the whole of the tobacco 
imported into Gibraltar is smuggled into Spain, where the article is one 


-| of the royal monopolies, On the French frontier the illicit trade is ” 


equally active. 

The vicinity of France and England, and the injudicious character 
of their respective tariffs, long encouraged smuggling to a large extent 
on both sides of the Channel. 

The reduction of the duties on silks, tea, spirits, wines, and numerous 
other articles, has done more to repress smuggling than all the efforts 
of the revenue officers aided by a large armed force. . 

The present acts relating to smuggling are 3 & 4 Wm. IV. c. 53, and 
4&5 Wm. IV. c. 13. 

SNOW. It has been stated [Rary, vol. vi. col. 925] that rain, snow, 
and hail are formed by the precipitation of vapour when two volumes 
of air of different temperatures, and saturated with moisture, become 
mixed together; the nature of the precipitation depending on the 
resultant hema ie and on that of the region of the atmosphere 
through which the aqueous particles descend towards the ground. 
Now when the precipitating water is frozen into crystals of ice, 
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united together in such a manner as to reflect light to the eye in great 
abundance from all, thus ucing a —— of whiteness, the 
assemblages of crystals constitute snow. In all probability it is formed 
by the immediate freezing of aqueous dis carts without the sensible 
intervention of the liquid state. Proximity to the earth's surface is 
not required for its production; Mr. Green, the wronaut, met with a 
severe snow-storm at the t of a mile and a quarter. The forma- 
tion of snow ha tract of the atmosphere appears 
at a distance as a bluish, sometimes indigo-blue, haze. 

M. Monge observes (‘Annales de Chimie,’ vol. v,, p. 1), that the 
crystallisation of sal-ammoniac presents phenomena similar to those 
which are observed in the formation of snow. If a saturated solution 
of sal-ammoniac in a warm state be allowed to cool in a tranquil air, 


28. 

The flakes of snow usually consist of brilliant spicular icicles, which 
diverge from a centre in six directions, and resemble stars having so 
many rays, upon each of which small crystals are sometimes formed ; 
but if the atmosphere is agitated, the original flakes strike against each 
other, and uniting in groups by regelation [Ice], in consequence of 
small quantities of moisture adhering to them, they descend in 
irregular forms. In regions of the earth far to the north or south, 
the air, when allowed to enter through a small aperture into a heated 

ent, has frequently caused the warm vapour to be converted 
into snow. (‘ Bibliothdque Universelle,’ 1830.) 

Beccaria observed that his apparatus for ascertaining the electrical 
state of the atmosphere indicated the presence of electricity in snow 
as well as in rain; and, according to the observations of Schiibler, it is 
more commonly positive than negative. The lightness of the flakes, 
by which they float about in the air when agitated, is the result of 

eir surface being great when compared with their volume. The sp. gr. 
of snow has been stated to be very variable; and according to Muss- 
chenbroek, that of some, of the stelliform kind, was only 4 of the 
specific gravity of water, but this must have been the specific gravity 
of the mass, a mixture in fact of air and ice ; and M. Quetelet has since 


1 
found that the greatest density is nearly rs of that of water, the tem- 


ture being 34°5° (Fahr.). He ascertained also that the density of 

e snow having no determinate form was about }, the tem’ 
being 32°, and that the least density varied from 4 to 4 of that of 
water, at which time the snow had the form of small stars, and the 
temperature varied from 29°7° to 18°5°. It is, however, difficult to 
understand these results; it would appear that they also must relate 
to an aggregate of snow and air, as there is no reason why the specific 
gravity of crystals of snow should differ greatly from that of ice, which 
is always crystalline, and has the sp. gr. 0°918. 

Snow has been observed to fall in a fine powder, not having any 

of regular crystals, and sometimes in grains, as fine as those 
what is called basket salt. 

The flakes have, even in temperate regions, many varieties of form, 
and are often very elegant ; but the polar regions of the earth are those 
in which it has been supposed that nature has displayed her power in 
creating this species of beauty in the highest degree and to the greatest 
extent. In the ‘ Phil. Trans.,’1775, may be seen numerous delineations 
of the figures assumed by flakes of snow as they were observed by Dr. 
Nettis, of Middelburg in 1740; but the late Rev. Dr. Scoresby, in his 
‘ Account of the Arctic Regions,’ has given still greater varieties ; the 
latter gentleman, besides dividing them into classes, has also expressed 
their magnitudes, and the state of the barometer and thermometer 
when the snow fell. 

Of these classes the first is called “lamellar,” and is divided into 
many different species: one of the latter isa thin transparent hexagonal 
plate, or a hexagonal plate with white lines parallel to the sides of 
the polygon, and sometimes there is a starlike figure in the centre; 
the magnitudes vary, and the greatest is about j, inch diameter. 
Another species, and this is the most ordinary appearance of snow, is the 
stelliform ; the figures 1, 2, and 3 represent some of the most remark- 
able varieties of this kind ; its magnitude varies, but the diameter of the 


1 2 3 


greatest is about j inch, and it occurs most abundantly when the tem- 
perature of the air is near the freezing point of water. Sometimes 
the stars appear to have twelve points, but Dr. Scoresby thinks that 
— db ngte es, vr of two ~— Lewes applied one a other 

x following figures represent assemblages of he: crystals 
the diameters of the firat two kinds are ronpectively ait aa # inch 


temperatures between 82° and 20° (Fahr.). 


and those of the rest are } inch diameter ; they are usually formed at = - 


4 5 6 


= 


The second class is also lamellar, but it differs from the former 
having a spherical nucleus, either transparent or white, about 
diameter ; and sometimes spicular radii proceed from thence in di 
directions at angles of 60° with each other. The temperatu: 
this class is formed varies on fetes ee 

The third class consists of spicule or six-sid ph geen of 
finer sort, which are formed at the temperature of 28°, resem 
hairs very delicate and clear, and about } inch long; the coarser ki 
are formed in the lower region of the atmosphere, at about the 
oT arrani e g yramidal form and abo inch high, 

e fo ce of ap i rm ut 2; i 
Dr. Scoresby could not determine whether the base began 7's 
hexagonal. The fifth class consists of hexagonal crystals united together 
by a slender spicular crystal, so as to resemble two wheels with an axle, 
Both of these kinds are very rare. Dr. Scoresby saw the iether ety 


twice and the former only once. 
M. Huber Burnand, of peer gsertntams tc 
in 


at Yverdun in 1829 and 1830, states that it was 
plates with six rays, along each of which were disposed filaments 

pported finer filaments 
which were extremely thi > 


arranged like feathers, and these again su 
(‘ Bibl. Univ., 1830.) 


similarly arranged ; the 
in the same work, that in 1829 the frost at Yverdun assumed every 


EE 


Ela 


fectly plane and regular. 


day a different form, being sometimes disposed in parallel or 
# cosssloneliy aplone vases 


fillets ; sometimes it resembled leaves, and ly 
an inch long, which were terminated by a flat rosette with six 
divisions. r 


year 1855, of which no place since that of 1814, 
which it greatly resembled, as well for depression of temperature as for 
the duration of the frost, was remarkable also for the peculiar character 
and continuous fall of snow, which first made its appearance on 
Jan 16th, and lay on the ground till after the end of February. 
We are indebted to Mr. Glaisher, the Secretary of the British Meteoro- 
logical Society, for a particular account of this snow and its b 

which is annexed to the Re; of the Society read at the fifth annual 
meeting, May 22, 1855. Much of this snow, Mr. Glaisher observes, 
was “ of that peculiar character which former writers designated Polar 
Snow, it having been chiefly composed of crystalline particles, which 
they supposed to be confined, with rare exceptions, to the Arctic 
regions. This supposition, however, is not supported by 
prevalence of innumerable crystals, that have exhibited a degree of 


crystalline formation equal to 
latitudes, ..... The pri or hase of each crystal I deter- 


: 
i 


and 63 greatly en! 

ductions of the penci 
valuable series of such representations extant. r 
copied from Dr. Scoresby, 6, 7, and 8, it will be observed, have an 
inner tracing of the hexagon. Similar crystals to these were observed 
by Mr. Glaisher, who not seen them previously, nor any of 
them, except those of Dr. Scoresby of those seen by him in the Arctic 
Seas, But the forms of snow-crystals are doubtless dependent on the 
temperature of the airand the amount and distribution of the aqueous 
vapour it contains, the differences in those so forma the 
strata of air, the interchange of currents, other physical cir- 


cumstances, and not otherwise upon difference of locality than as that — 


may involve a difference in those circumstances. The forms ordinarily 
characteristic of the snow of one latitude or region may be produced 
in any other, wherever snow can occur. 
that the most regular and complex stellate aggregations accompany the - 


It does appear, however, — 
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lowest temperatures. The extraordinary complexity of many of these 
erystals of snow; when considered in connection with the hore of 
regelation which governs the union of separate portions of ice, leads 
to the suspicion that infinitesimally small crystals result from the 
solidification of vapour, which undergo accretion and are subse- 
quently i 


contradiction. We appear not to know with certainty to what system 
of crystallisation it should be referred, or even whether it does not 


belong to more than one ; though there is strong evidence that 


it must belong, in part at , to the rhombohedral system, to which 
it has usually been referred. The facts known respecting it will be 
stated with the other ies of ice, in the article WaTer. 


Snow, in the form of cylinders and spheres or spheroids, has been 
i observed in North America, The former were produced by 
Ww ited in a second shower upon some which had pre- 
i fallen, and the surface of which had been covered by a thin 
ing of ice. A violent wind then caused the particles of snow to 
roll on the ice, and the masses thus produced assumed perfectly 
cylindrical forms of various sizes, the greatest being 24 or 3 feet 
diameter ; they were hollow at each end. The spherical balls were 
from 1 inch to 15 inches in diameter, and were also formed chiefly by 
Ding, thotgh aoa: were found in enclosures whace they. could not hare 
rolled, and, therefore, they are su poe feiss wdearpucbery 
itself ; were v ight, were composed of crystals 

ly Learred ag Pi eabdhg Powe vols. ii. and vi.) Similar 

balls were observed in East Lothian, in 1830, by Mr. Sheriff; and this 
relates that they were composed only of snow,.for one of 
cut through was found to have no hard body for its 
records 


: 


of them several inches in diameter. The balls o 
which constitute what are called rolling avalanches [AVALANCHES], 
appear to be formed in a similar manner, though by means chiefly 

ical, in addition to regelation, which must have place in all these 
accretions. 

When an extensive tract of country is covered with newly-fallen 
mow, its glare has a painful and injurious effect on the eyes, from 
which the traveller has to guard them by a crape veil, the natives 
using various similar means of i It is, however, from such 
snow alone that much inconvenience is felt, indicating, probably, that 
pomeeeere ee es, ees reBaeted from the myriads of facets which the 
erystals of snow present. Dr. Joseph D. Hooker remarks, that he has 
never suffered inconvenience from this cause in crossing beds of old 
snow, or glaciers with weathered surfaces, which absorb a great deal of 
light, reflect comparatively little, and that little coloured green or 

ue. The changes to which snow is subject after descending to the 
ground, according to the circumstances of temperature, weather, ex- 
posure, and the nature of the surface upon which it has fallen, are 
evaporation, liquefaction, and conversion into a compact ice. It evapo- 
rates at all temperatures. Mr. Howard found a circular area, of five 
inches diameter, to lose 150 grains troy from sunset to sunrise, and 
about 50 grains more by the following sunset, the temperature i 
from 18° to 30°. This evaporation Deed aloo tae one i 

and also that which is 


common’ 
ice, and 


(col. 968-70), a general view of this subject has been given, 
with i of the elevation of the snow-line under 
different latitudes and in different localities, both as indicated by theory 
and shown by observation. Weare now enabled to enter in a more 
precise manner into the consideration of the varying circumstances 
which govern the position of the snow-line, and also into the special 
history of perpetual snow as it exists about and upon the test and 
mountains of the globe. For the materials of p some we are 
indebted to Dr, Joseph D. Hooker, who, in the Appendix to his 
‘Himalayan Journals,’ has treated the subject with views at once more 
and ilosophical, perhaps, than have been ied to it 
since the 4 investigations of Wahlenberg, Von Buch, and 
Humboldt; and has largely illustrated them by the facts of the dis- 
tribution of snow in Nepaul, Tibet, and the Himalaya, which are 
stated in their appropriate places in his ‘ Journals’ themselves, 


It must be premised that three things are frequently confounded 
together in popular science and in books of travels, First, the 
elevation in the atmosphere, or above the general surface of the earth, 
as defined by the level of the sea, of the temperature of 32° Fahr., or 
the freezing point, for each latitude, as affected by the distribution of 
land and sea, from which, in union with the solar temperature, results 
the temperature of each isothermal line at the surface. 

Secondly, ak anc of the inferior limit of the beds of perpetual 
snow—the actual snow-line in this sense—on mountainous elevations, 
as dependent on the cause just assigned, in conjunction with local 
causes on the great scale, and as existing in fact at that particular 
elevation for each region, below which all the snow that falls melts, 
This may be considerably below or considerably above the line of 82°. 

Thirdly, the altitude at which much snow is perennial, in the 
ordinary sense of the word—its permanence arising from local and 
from temporary (though recurrent) meteorological causes—masking, 
by its extension downwards, the true limit of perpetual snow as 
defined above. It is requisite, however, for the due apprehension of 
the subject, that the distinction between these three things should be 
carefully preserved in the mind. 

Dr. Hooker has stated his belief (‘Him, Journ.,’ vol. ii., p. 894), 
“that the limit of perpetual snow is laid down too low in all moun- 
tain regions, and that accumulations in hollows, and the descent of 
glacial ice, mask the phenomenon more effectually than is generally 
allowed.” He defines the limit, “in general terms only, as being that 
where the accumulations are very great, and whence they are con- 
tinuous upwards, on gentle slopes. xi perpetual snow, however,” he 
continues, “‘ becomes ice, and, as such, obeys the laws of glacial motion 
she siete ; whence it follows, that the lower edge of a snow-bed placed on 
a slope is, in one sense, the termination of a glacier, and indicates a 
position below that where all the snow that falls melts... . It is im- 

ible to define the limit required with any approach to accuracy. 

p and broken surfaces, with favourable exposures to the sun or 
moist winds, are bare much above places where snow lies throughout 
the year; but the occurrence of a gentle slope, free of snow, and ~ 
covered with plants, ot but indicate a point below that of per- 
petual snow.” A careful examination of those great béds of snow in 
the Alps, from whose position the mean lower level of perpetual snow, 
in that latitude, has been deduced, convinced Dr. Hooker that they 
are winter accumulations—of the kind alluded to aboye, due mainly 
to eddies of wind—of far more snow than can be melted in the follow- 
ing summer, being hence perennial in the ordinary sense of the word 
only, It follows that the true limit of perpetual snow is much higher 
in the Alps than it is usually supposed to be. He proceeds to show 
that the altitude of the limit in the Alps has been stated by Professor 
James Forbes more than 1000 feet in defect, the Jardin, on the Mer de 
Glace, at the elevation of 9500 feet, being evidently below the limit, 
to which, however, Professor Forbes had assigned the elevation of 
8500 feet only. 

Proceeding to the principal scene of Dr. Hooker’s own researches, 
we find that there are two secondary considerations which materially 
affect the melting of snow, and therefore exert a material influence on 
the elevation of the snow-line, but which have not been sufliciently 
dwelt upon, though they bear directly upon the great altitude of that 
line in the most elevated regions. From the imperfect transmission of 
the heating rays of the sun through films of water, it follows that the 
direct effects of the rays, in clear sunshine, are very different at equal 
elevations of the moist outer and dry inner ranges of the Himalaya. 
Secondly, naked rock and soil absorb much more heat than 
surfaces covered with vegetation, and this heat, radiated from them 
again, is much more rapidly absorbed by the white snow than the 
direct heat of the sun’s rays is. Hence, at equal elevations, the ground 
heats sooner, and the snow is more exposed to the heat thus radiated 
in arid Tibet than in the wooded and mountains of Sikkim. 
In the latter region, “the position and elevation of the perpetual snow 
vary with those of the individual ranges, and their exposure to the 
south wind. The expression that the perpetual snow lies lower and 
deeper on the southern slopes of the Himalayan mountains than on the 
northern conveys a false impression, It is better to say that the snow 
lies deeper on the southern faces of the individual mountains and 
spurs that form the snowy Himalaya. The axis itself of the chain is 
generally far north of the position of the spurs that catch all the 
snow, and has comparatively little snow:on it, most of what there is 
lying upon north exposures.” Thus appears to be at last explained the 
apparent anomaly that the snow-line ascends in advancing north to 
the coldest Himalayan region; the position of the greatest peaks 
and of the greatest mass of snow being generally assumed, 
though erroneously, as indicating a ridge and watershed. “Travellers 
arguing from single mountains alone, on the meridional ridges, have 
at one time supported and at another denied the assertion, that the 
snow lies longer and deeper on the north than on thesouth slope of 
the Himalayan ridge.” 

The enormous accumulation of snow in Sikkim at 15,000 feet 
exercises a decided influence on the vegetation, preventing its exten- 
sion upwards, which, in other situations, takes place to 16,000 and 
17,000 feet. Glaciers descend to 15,000 feet in the tortuous gorges 
which immediately debouch from the snows of Kinchinjunga, but no 
plants grow on the débris they carry down, nor is there any sward of 
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or herbage at their base, the atmosphere immediately around | certain metallic oxides, as those of lead, mercury, and bismuth, with 
Being chilled by the snows, and the summer sun rarely warming the | fatty matter ; glycerin is separated, as has already béen mentioned, and 
soil. In the vicinity of jhow, 21,000 feet high, and where the | the metallic soaps formed are insoluble in water. The Say ee 


mean level of perpetual snow is 19,000 feet, coinciding, probably, with 
a mean temperature of 20°, the glaciers do not descend below 16,000 
feet, but a green sward of ie goer creeps up to their bases, and 
herbs grow on the patches of earth they carry down, while dwarf 
rhododendrons cover the moraines. Dr. Hooker concludes on this 
subject with the following general statement :— Looking eastward or 
westward on the map of India, we perceive that the phenomenon of 
verpetual snow is regulated by the same laws. From the longitude of 
ere Assam in 95° E. to that of Kashmir in 75° E., the lowest limit 
of perpetual snow is 15,500 to 16,000 feet, and a shrubby vegetation 
affects the most humid localities near it, at 12,000 to 14,000 feet. 
go Meron plains of India and penetrating the mountains, the 
climate drier, the snow-line rises, and vegetation di es, 
whether the elevation of the land increases or decreases; plants 
reaching 17,000 and 18,000 feet, and the snow-line 20,000 feet. To 
mention extreme cases: the snow-lovel of Sikkim in latitude 27° 30’ 
is at 16,000 feet, whereas in latitude 85° 30’ Dr. Thomson found the 
snow-line 20,000 feet on the mountains near the Karakoram pass, and 
vegetation up to 18,500 feet—features I found to be common also to 
Sikkim in latitude 28°.” 

The progress of physical geology brings before us, from time to 
time, the conditions of the earth’s surface at former peri An 
example of this, probably involving the consideration of the great 
extension of snow and ice in the northern hemisphere, southward 
from the arctic regions, at what has been termed the ial epoch, as 
alluded to in several former articles, is stated by Dr, Hooker nearly in 
the following terms :—Were the snow-level in the Dingcham province 
of Tibet as low as it is in Sikkim, or 15,000 feet, the whole of 
Tibet, from the Donkia mountain northwards to the Yaru-Tsampu 
river, the av direction of which is west and east nearly in the 
latitude of 29° 10’, “ would be everywhere intersected by glaciers and 
other impassable barriers of snow and ice, for a breadth of fifty miles, 
and the country would have no parallel for amount of snow beyond 
the Polar circles. It is impossible to conjecture what would have 
been the effects on the climate of northern India and central Asia 
under these conditions. When, however, we reflect upon the evidences 
of glacial phenomena that abound in all the Himalayan valleys at and 
above 9000 feet elevation, it is difficult to avoid the conclusion that 
such a state of things once existed, and that at a comparatively very 
recent period.” Valuable information on this subject, as well as on 
the plonophy of the snow-line as at present existing, will be found in 

W.. Hopkins’s Paper, “On the causes of changes of climate,” 
* Quart. Journ. of Geo, Soc.,’ vol. viii., p. 76-87. 

SNOW, RED. [See Nar. Hist. Drv.] 
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SOAP FACTURE. Soap originally meant the compounds 
derived from the union between fatty bodies and the alkalies 
and soda. Although the name is still usually thus limited in its mean- 
ing, it has nevertheless been extended to compounds of oleaginous bodies 
with some earthy and metallic bodies, having but few properties in 
common with pore Eepeety so called. 

Properties.—It been found by Chevreuil that different varieties 
of fatty matter consist chiefly of two kinds: one hard, to which he 

ve the name of sfearin ; and the other soft, which he termed olein. 

¢ also discovered that stearin is compossd of stearic acid and a pecu- 
liar principle which, on account of its sweet taste, he named glycerin ; 
and it was further proved by his experiments that olein consists of 
oleic acid and glycerin. Stearin is therefore a stearate of glycerin, and 
olein an oleate of the same substance. When, in the manufacture of 
soap, an alkali (soda, for example) is heated with tallow, the soda 
gradually dislodges the glycerin from combination with the stearic and 
oleic , and by combining with them, forms soap, or, in other words, 
ae compound of stearate and oleate of soda, and the glycerin remains in 

ution. 

In vegetable fat oils —olive-oil, for example—the glycerin is combined 
with margaric and oleic acids, forming ite and oleate of glycerin; 
and, consequently, soap made with this oil is a margarate and oleate of 
soda, instead of a stearate and oleate of this base. 

The soaps which have the alkalies for their bases are soluble in water, 
though the solution is in general milky; they are also soluble in alcohol, 
and the solution is used frequently as a test of what is called the 
hardness of water. [Soar-Trest.] Acids also decompose soaps, and 
though the effect is apparently similar, yet it is in reality different : 
thus when sulphuric acid is added to soap, a white precipitate is formed, 
but this is merely the fatty acid which the soap contained, and shows 
the change which the fat employed has undergone ; it is either stearic, 
oleic, or margaric acid, &c., or a mixture of two or more of them. 
Sulphate of soda remains in solution when a soda soap has been thus 
decomposed. There are certain preparations used in medicine under 
the names of emulsions and liniments, which are obtained by merely 
cetera Oither ammonia, potash, soda, or lime-water, with oil. The 
firet of is an ammoniacal soap; the second and third are imperfect 
alkaline soaps; and the fourth is an earthy soap to which barytes and 
strontia-water form compounds nearly kcebaoon ; these earthy soaps are 
insoluble in water, or nearly 80, Metallic soaps are formed by heating 


this kind extensively employed is that of oxide of lead, which 
vet under the ear of oo or lead ogee 
‘anufacture.—Some 0 factories of present day 
on earttions with the aid of considerable chemical and rsadanioat 
Mottled soap, a kind much 
kitchen stuff, soda, water, and a little salt. The tallow 
employed is brought from Russia, and arrives in a solid state 
it is tolerably pure, and is ready for use at once. The im 
known as kitchen-stuff requires much heating, straining, 
before it is fitted for use; and even then it is not employed , 
better soaps. The alkali formerly used, as has already been stat 
was obtained from kelp and barilla; but the carbonate of soda o 
from common salt is now almost exclusively used. The soda 
required almost in a caustic state, the carbonic aeid is driven 
the soap-maker’s -purposes. The caustic soda is dissolved in water 
form a ley or lye. e ley is pumped into boilers, and mixed 
fatty substances, Steam-heat is applied, and the mixture 
until the fat has combined with all the alkali of the ley. 
ley is pumped up, fresh ley is introduced, and the 
This is re ted several times, a stronger ley being used each 
before. the soap is nearly finished, the “ mottling” is given | 
inkling a small quantity of very dense ley ; this percolates 
ugh the mass, lea’ dark-coloured veins 
soap is finished, it is laded into buckets, and 
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in its track. When 


are full, is allowed to cool and solidify. 
ieces, the mass of soap, sometimes weighi 
ousand pounds, is é to view. It is cut up , 
layers by a wire being drawn tye it, following the marks of certain 
gauge-lines. The application of a similar wire in a different way after- 
wards separates the slabs into bars about 15 inches long, 3 inches wide, 
and 3 inches deep. 


Curd or Nand oe: 
with a more selection of ingredients, and a better n 


ipe 

oil is bleached by a chemical process, and then the making 
ceeds as before. The resin and the palm-oil both serve the purpose of 
tallow, and are the cause of the relative cheapness of yellow soap. 

Soft soap, used principally in the woollen manufacture, is made 
chiefly of oil and potash. e oil may be whale, seal, olive, linseed, 
or any that comes most readily to hand, and is combined with Wa 
tallow to increase the stiffness. Soft soap is not shaped in frames, 
is 0 cg dS Bangg kr pa NN aia . 

soaps, as they are called, such as are by perfumers, are 

iberaily le from good white soap, remelted, and modified by the 
addition of &e. 


Dr. Normandy in 1841 patented an invention for using up all kinds 
ot ‘gums and resins in soap by the addition of sulphate of soda. He 
e hard soap cheap by that means; but his operations were checked 
insisti id for 
one, 


sks to Europe from some 


by the Excise insisting on the same rate of duty as was 
the high-priced soaps. His patent, not having been a profital 
was renewed in 1855 for three 

A substance called soap bark was 
opie country in 1859. It is black without, and yellowish white 
within, very heavy and dense. When the white layers are macerated 
in water, they produce an emulsion which, when mixed with oil, may 
be used as soap. 

Soap T'rade.—The wap manufacture is one of considerable importance, 
The principal seats in ge? are Liv 1 and Runcorn, London, 
Brentford, Bristol, and H Nearly three-fourths of the total quantities 
of soap are made at these places; but there are also manufactories of 
considerable extent at Bromsgrove, Newcastle, Gateshead, Warrington, 
and Plymouth. In Scotland, two-thirds of the total quantity of soap 
are made at Glasgow and Leith. : 

In 1711 an Excise duty of 1d. per lb. was first imposed on all 
made in Great Britain, which was raised in 1713 to 14d. per Ib, “Tn 
1782 the duty was again increased,and a distinction was, for the first time, 
made between hard and soft soap, the duty on the former being 2}d., 
and on the latter 1jd. per lb. In 1816 hard soap was subjected to a 
duty of 3d, per Ib. In 1833, the duty was 14d. per 1b. on soap, 
and 1d. per Ib. on soft. The interference of iid in the manu- 


facture of soap was, until recently, exceedingly arbitrary and vexatious ; 
but in the ‘ Seventeenth Report of the Coonhial stars 0. Excise 
Tnquity, 1835, the discontinuance of the system y e 
was recommended, The act 8 and 4 Vict. c, 49, passed in 1840, 
repealed seventeen other acts, so far as they concerned the making of — 
soap. The article may now be made in any way or of any material 
which the manufacturer thinks most judicious, as the Excise does not 
interfere with the process of \ 4 
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When the duty on hard soap was 3d. per Ib., the selling price averaged 
shout Gites et which agetiee yd. as <bewthad G0 ailite on the 


tallow and other substances used in the manufacture, The 3d. duty, 
as has been 


190,000 Ibs. 


oil and lime-water constitute the common ion to burns termed 
Carron oil, from its frequent ee in the great iron-works at 


medicinal ; ina less pure state, it is called 

, Venice, or Spanish soap. ile or marbled soap has 

this communicated to it by sul of iron and red oxide 
Gl tba baling aclded and stirred the soap is nearly made. 
These are impurities which render it less fit for ical use in many cases 
than the white When oa ate ne me ay ae ig 
make an oily on nor ab Der gg th wg? taste. It 
should be perfectly in pure water and in ol. [Soap-rest.] 
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is also much cheaper. ; 
to special qualities, such as glycerine soap, tar soap, &c, 
cocoa-nut oil has the great advantage of being soluble 
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curd soap in proof spirit; it is 
of hardness of waters, 


of carbonate of lime in a gallon. All that is now necessary is to 
ascertain how much of a dilute alcoholic solution of soap must be 
added to a given quantity of the chloride of calcium solution before a 
praepent lather is produced. This being done the soap-test has 
enceforth a value given to it, inasmuch as if it be added to any hard 
water, equal in yolume to that of the artificial hard water previously 
experimented with, until a permanent lather be produced, the amount 
so added indicates the number of grains of carbonate of lime present 
in the gallon. The quantity of water tested is usually and conveniently 
one thousand grains, and the soap-test is used to greatest advantage 
when poured from a burette divided by transverse markings into 
measures each containing ten grains; the soap-test should, moreover, 
be so diluted by its proof-spirit solvent, that thirty-two measures 
require to be added to one thousand grains of the artificially prepared 
standard solution of sixteen degrees of hardness before complete 
precipitation of the lime is produced and a permanent lather formed. 
In applying the soap-test to a normal water, the specimen of the 
latter should be placed in a bottle of five or six ounces’ capacity. The 
solution of soap must then be added in small portions at a time and 
the mixture well shaken’ in the intervals. When indications of a 
lather on the surface of the liquid, the additions of soap-test 
must be very small, and finally when a lather is produced that does 
not subside until after the bottle has remained undisturbed on its 
side for three minutes, the amount of soap-test added is noted; an 
inspection of a table similar to the one here appended at once indicates 
the degree of hardness per gallon. 


Crarx’s Soap Test-TABLe ror Harpness or WATER. 
Difference for 


Measures of next Degree of 
Degree of Hardness. Soap Test, Hardness, 

0. (Distilled water) 14 18 

1. FF FO ade EL | 22 

2. 4 oh *s es eh 22 

3 a bi Te BOTs 2-0 

4. i” . ‘ o 96 2°0 

5. J Withee: 270 

6. a alt So ue Rebeee 20 

oF Ks 4 Sa. dp lee 19 

8. y ag 175 19 

9. e a3 Sa oe he 1°9 

10. See te ie Rene 1:8 

11. i poe th! ae 1°8 

12. i - . 249 1°8 

@ +8: a wx 26°7 18 

14, 4 bad 28°5 18 

15. ” ‘ . + 30°3 17 
16. rr alow. 22 3 

Excess of carbonic acid in a water is apt to decom: a lather once 


formed and an experiment may be thus interfered with. To avoid this 
source of error Professor Clark, who is the author of the process now 
described, recommends that the water be violently agitated before the 
addition of the soap-test, the superstratum of air being two or three 
times renewed by suction through a glass:tube. When a water is of 
more than sixteen of hardness it should be diluted with its 
own bulk of distilled water before proceeding with the addition of 


ba Sg 
its other than carbonate of lime confer hardness upon water, 


moreover an equal number of degrees of hardness is produced by very 
different amounts of the several salts. Thus, to uce ten di 
of hardness the annexed quantities of the following salts are 
necessary :— 

Carbonate oflime . . . «. «  « 100 grains 

Gilebitectiiiie 546 2 os oe Mr tw IPE Og 

Witrate of lime, 6 ee be hw 16 

Chloride of calcium . . . ‘ e «hl 

Carbonate of magnesia . « . . ~ 188 4% 

Sulphate of magnesia . . ° * Fh. 

Chloride of magnesium . . ° ag ee a 


Prag nye however, as it is gad the relative hardness of a water 
+ is usually required to be wn, unnecessary complication is 
avoided by ing that hardness in d ij value of which 
has been conventionally agreed upon by chemists. One degree is 
the GeAATMAT IN Waedizens .Anak woes Be paoduest. la',0xm grain of 
carbonate of lime in a gallon of water: two degrees by two grains, 
and so on. 

SOCAGE, or SOCCAGE, is service rendered by a tenant to his 
lord for lands, the principal ingredient of which is its being fixed 
and determined in its nature and quality. The certainty of the service 
distinguished socage from tenure in chivalry, or by knight's service, on 
the one hand, and from tenure in pure yillei by arbitrary service, 
on the other ; and therefore Littleton says, § 118, ‘‘A man may hold of 
his lord by fealty only; and such tenure is a tenure in socage; for 
every tenure which is not a tenure in chivalry is a tenure in socage.” 

Socage is said by old writers to be of three kinds : socage in frank 
tenure; socage in ancient tenure; and socage in base tenure. The 
propriety of the last denomination is however doubtful. The second 
and third kinds are now called ively tenure in ancient dem- 


respectiv 
[ esne and copyhold ,tenure, The first kind is;called free, and common, 
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socage, to di ish it from the two others, though as the term 
socage has long ceased to be applied to the two latter, socage and free 
and common socage now mean one and the same thing. 

Besides fealty, which the tenant in socage, like every other tenant, 
is bound to do when required, the tenant in socage, or, as he was 
formerly called, the socager or sockman, is bound to give his attendance 
at his lord’s pectin if the = holds He ee is 
manor [Manor] or for a seigniory in gross. is obligation to a’ 
the or ot it als » gave rise to the name of the tenure, but the 
question is not without doubt. 

Both forfeiture and escheat are incident to tenure in socage, as they 
were also to tenure by knight's service. In that species of socage tenure 


which is called gavelkind there is no forfeiture. 
Wardship is incident to this tenure. But this incident is not, 
as formerly in knight's service, a benefit given to the lord, but a 


im on the infant's next friend of full age, who must 
however be a person not capable of inheriting the estate upon his 
young kinsman’s death. 

In particular districts some of the incidents of tenure by knight's 

service were by custom annexed to the tenure in Thus in the 
diocese of Winchester the lord claimed the wardship and marriage of 
his socagers. 
Before the abolition of feudal burdens by the Commonwealth, con- 
firmed upon the Restoration by 12 Car. II. c. 24, tenants in socage were 
bound to pay 20s. upon every 20/. of annual value, as an aid for making 
the lord’s son a knight, and the same for marrying the lord’s eldest 
daughter. This tenure was also subject to the payment of fines upon 
alienations. 

By the above statute, the provisions of which were extended to 
Ireland by the Irish act of 14 and 15 Car. IT. c, 19, tenure by knight's 
service was abolished, and all lands, with the-exception of ecclesiastical 
lands held in free alms [FraNKaLMorcNeE], were directed to be held in 
free and common socage, which, with the limited exception in favour 
of lands held in frankalmoigne, is now the universal tenure of real pro- 
perty throughout England and Ireland, and those colonies which have 

settled by the English. 

Tt is true that a large portion of the soil of all those countries is 
held by leaseholders, and in England also by copyholders; but the 
freehold of the land held by leaseholders and copyholders is in their 
lords or lessors, who hold that freehold by tenures. 

SOCIAL CONTRACT, or ORIGINAL CONTRACT. Locke thus 
expounds his doctrine of the social contract (‘ Essay on Civil Govern- 
ment,’ c. 8,‘ Of the Beginning of Political Societies’): he says that 
*men being by nature all free, equal, and independent, no one can be 
put out of his estate and subjected to the political power of another 
without his own consent.” By can he does not mean to say that it 
may not happen that one man shall be subjected to the political 
power of another, but that he cannot properly or justly be subjected 
without his consent ; which appears from what follows :—“ Whosoever 
therefore out of a state of nature unite into a community must be 
understood to give up all the power necessary to the ends for which 
they unite in society, to the majority of the community, unless they 
express]: in any number greater than the majority. And this 
is done by ly agreeing to unite into one political society, which is 
all the compact that is or needs be between the individuals that’ enter 
into or make up a commonwealth. And thus that which ins and 
actually constitutes any political society, is nothing but the consent of 
any number of free men capable of a majority to unite and inco 
rate into such a society. And this is that, and that only, which did 
or could give beginning to any lawful government in the world.” 
This doctrine is hp to obvious objection. The conclusion as to the 
origin of “lawful government” by implication contains the notion 
that some governments are not lawful, whereas all men must and do 
admit that all governments which can maintain themselvesare govern- 
iments, and the term lawful is not applicable to that power which can 
declare what is lawful. The two objections which Locke mentions as 
being made to the theory are, 1.—“ That there are no instances to be 
found in story of a company of men independent and equal one 
amongst another, that met together, and in this way began and set up 
a government.” 2. That “ it is impossible of right that men should do 
so, because all men being born under government, they are to submit 
to that, and are not at liberty to in a new one.” Locke replies 
to both objections with considerable uity, but there are few 
political writers at present who will be inclined to consider his answer 
conclusive, 

Hume, in his ‘ Essay on the Original Contract,’ admits that “the 
people, if ave trace government to its first origin in the woods and 
deserts, are the source of all power and jurisdiction, and voluntarily, 
for the sake of peace and order, abandoned their native liberty, and 
received laws from their equal and companion. The conditions upon 
which they were lay 4 to submit were either expressed or were 
so clear and obvious that it might well be esteemed superfluous 
tw & them. If this, then, be meant by the original contract, it 
cannot be denied that all government is at first founded on a contract, 
and that the most ancient rude combinations of mankind were formed 
entirely Keg principle.” And yet he adds, “in vain are we sent to 
seek for charter of our liberties—it preceded the use of writing 
and all the other civilised arts of life,” Doneequndiip we cannot trace 


“government to its first origin,” and therefore we cannot tell how 
government originated. But we do know, as Hume shows, that all 
governments of which we can trace the origin have been founded in 
some other way than by an pe jenn contract among all the members 
who are included in them. Hume further says, “that if the 7 
ment by which savage men first associated and conjoined their force 
— (by the term Original Contract), this is acknow. to be 


say anything to the purpose, 
particular government which is lawful, 
and which imposes any duty of allegiance on the subject, was 
first founded on consent and a Lbeney' compact.” This is 
real question. Those who found what they very rca term 


who, at 
uded in it, 


£8 


But an original 


which contracts are the remote origin of all particular governments ; 
but inasmuch as that origin of any particular government, which we _ 
do know, was not made by contract, and did not recognise the — 
contract, such government is unlawful, as those who contend for the 
theory of an original contract would affirm, or ought to affirm, if they» 
would be consistent. Thus the practical consequences of the doctrine 
of an original contract, if we rigorously follow them out, are almost 
as mischievous as the doctrine every particular government was 
founded on an inal contract. It is true that the theory of an 
original contract of savage people being the foundation of government 
is a mere harmless absurdity, when at the same time we deny that 
any particular government has so originated, provided we admit that 
such particular government is not to be resisted simply because it is 
not founded on contract. Those who maintain that all existing govern- 
pena on de pao ayes than a contract, affirm that all men 
are sti mm equal— owe no allegiance to a power or govern-» 
ment, unless they are pred a promise—that they give up their 
natural liberty for some advantage—that the sovereign promises them 
these advantages, and if he fails in the execution, he has broken the — 
articles of engagement, and has freed his subjects from all i 
to allegiance. ‘‘ Such, according to these philosophers, is the 
tion of authgrity in every government; and such is the right of 
resistance by the subject " (Hume). This is a good exposi- 
tion of the consequences that follow from the theory of every govern- 
ment being founded on contract. ; 
Governments, as we now see them, exist in various forms, and they 
exist by virtue of their power to maintain themselves, This power 
may be mere force in the government and fear in the governed. Com- 
bined with the power of the government there may be the opinion of 
a majority in favour of the government, or of a number rR | 
large and united to control the rest ; and this opinion may be f 
either on the advantage which such number or majority conceive that 
they derive from the actual form of government, or the advantage 
which they and all the rest are sup to derive from such govern- 
ment, The opinion of a considerable number may be enough 
to overthrow a government or to maintain it, but in either case it is 


not the opinion of all. 

The real origin of government lies in the constitution of man’s 
nature. Man isa animal, and cannot exist out of society. He 
is of necessity born in a society, that is, a family, the smallest 
to which we can reduce a state. He who requires not to live in a 
society, says Aristotle, must be a beast or a god. (‘ Politik.’i, 2). The — 


himself with a woman, The form of any particular 
the mode in which it may aye bela ehebllit , are the accidents, not 

the essentials, of political union, the real foundation of which is in our 
nature, But inasmuch as every community exigts for some good end 


a ee ” 


——— 
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(Aristotle), we estimate the value of any particular government by its 
fitness for this end, and the accidents of its form are subordinate to 
that for which to its nature it exists. Its origin may in 
eases have been as obscure, and as little perceived, as the origin 
~ eee oe in such endless a the ae 
obody supposes customs originated in univ consent, or that 
people who follow them, or at least the majority who follow them, 
ever consider why they follow them. He who can trace the origin of 
customs can trace the origin of government. 

The of men living in a state of nature and thence proceeding 
to form political societies, has aj derived some countenance 
from the condition of many savages. ere are perhaps people who 
may be said to have no if it be true that among some 
Savages there is no bond of union except that of families. If this is 
80, each family is ruled by its head, like the families of the Cyclops 
(Aristotle, ‘ Politik.’ i. 1), so long as the head can maintain his dominion. 
This state, if it exists anywhere, is perhaps what some people call a 
state of nature; but it is in fact a very imperfect state of nature, for 
the perfect state of nature is a political society, because it is that 
state to which the nature of our constitution impels us as the best. 
The savage in his lowest condition bears the same relation to the man 
who is a member of a political body, that the man who has not his 
senses bears to the man who has his full understanding. Both the 
savage and the idiot are imperfect men: they are the deviations from 


* the course of nature. 


SOCIETIES, ASSOCIATIONS. The increase of Societies or 
Associations for all kinds of purposes is c istic of the present 
ree a ee cae oF Reropenns whe bare bellied 

parts of the world. Association for particular objects is ana- 
the great associations of political societies, but with this 
that their object is something particular, and that they are 
established and exist by the consent of the individuals who 


compose them. 
Societies have been formed and exist for nearly every variety of 
There are societies for objects scientific and literary, some- 


times called academies; for objects religious and moral; and for 


objects which are directly material, but in their results are generall 
beneficial to the whole of mankind. There are societies for olijeeks 
which the members consider useful, but which other people consider 


- tobe mischievous: Generally, in this country, it may be stated that 
' any number of individuals are permitted to contribute their money and 


their personal exertions for any object which is not expressly forbidden 
some statute, or which would not be declared illegal by some court 
justice, if the ity of such association came in question before it. 
The objects for may and do associate are ingly as 
numerous as the objects which individuals may design to accomplish, 
but cannot accomplish without uniting their efforts. 
In some cases State has aided in the formation of such associa- 
tions, and has given them greater security for carrying 


particular 
ee ee ee eg ee ee 


ance, the State makes him pay a tax on the policy. A great many 

associations of individuals for benevolent, scientific, and such like pur- 

poses are left to direct their associations according to the common 
principles of law.. 

lt were made of all the associations in Great Britain and Ireland, 

those which are purely commercial, with an account of their 

objects, , and applications of income, we should have the evi- 


lawful purposes of their property 
ps nab of contracts, subject to certain regulations as to regis- 
tration 


SODA-ASH. [Soprum.] 

SODA, MANUFACTURE OF. [Soprum.] 

SODA-WATER. [Aé#ratep Warters.] 

SODIUM. (Na, natrium.) The original name of natrium for this 
metal is derived from that of natron, nitron, or trona, old names of 
certain natural deposits of carbonate of soda which were long con- 
founded with the true nitron or nitre (nitrate of potash). The term 
sodium from soda or sod- the latter A mrad haying 
allusion to the practice of burning the sods or turf growing 
near the sea in order to obtain their ash, which is a erude carbonate of 


soda, known as barilla. 
Sodium, like Potassrom, was first isolated by Sir H. Davy. It may 
be in a manner similar to, but with far greater facility than, 


the last-named element. Deville gives the following directions for 
ARTS AND SOL DIV. VOL. VII. 


obtaining it in large quantities, Intimately mix 717 parts of dried 
carbonate of soda with 175 parts of powdered charcoal and 108 of 
finely ground chalk; knead into a stiff paste with oil; heat in a 
covered iron pot till the oil is all decomposed ; finally, distil, with the 
apparatus, arrangements, and precautions given under PoTassIum. 

Sodium has the characteristic lustrous appearance of a metal, and is 
of a beautiful light rose colour. It may be obtained in quadratic 
octohedral crystals by the method described under Potassium. Like 
potassium, it speedily tarnishes by exposure to the air, owing to its 
great affinity for oxygen, and this occurs more rapidly when the air is 
moist ; it requires for preservation the same precautions as have been 
mentioned with regard to potassium. It does not, like this metal, 
inflame when thrown upon water, but decomposes the latter with a 
hissing noise, the results being hydrogen and oxide of sodium, or soda, 
which, remaining in solution, exhibits the well-known alkaline character 
of that substance. When however it is placed on a moistened bad con- 
ductor of heat, as charcoal, it decomposes water with vivid combustion. 
Its specifie gravity is 0.972. It isa good conductor of electricity and 
yond but if too strongly heated in the air, it burns with a yellow 

ame. 

The equivalent of sodium is 23. : 

Sodium combines with all the elementary gaseous bodies, two of 
which combinations, namely, those with oxygen and chlorine, are of 
great importance and utility. 

Oxygen and sodium form two compounds, protoxide and peroxide of 
sodium ; the former of these has been long known, and extensively 
used in various arts and manufactures. It was formerly called the 
fossil or mineral alkali, to distinguish it from potash, which, as being 
procured by the incineration of wood, was called the vegetable alkali ; 
the peroxide has been discovered only since the metal was known. 

Under the head of carbonate of soda we shall briefly mention the 
processes by which soda is procured for manufacturing purposes, 
stating merely at present that protoxide of sodium, or anhydrous soda 
(NaO) is prepared by heating the metal in dry oxygen gas. Thus 
obtained, it is a gray solid, resembling potash in appearance, but it is 
less fusible and volatile. It is extremely acrid to the taste, and is 
very caustic. It has great affinity for water, dissolving readily in it, 

in large quantity, and the solution has strongly marked alkaline 


properties, 

Sodium differs remarkably from potassium in some respects; thus, 
while both become first alkaline oxides, and afterwards carbonates, by 
exposure to the air, the carbonate of soda remains dry, while that of 
potash becomes fluid, owing to the absorption of water. 

Sodium, as has already been noticed, is oxidised by decomposing 
water, and the solution of soda obtained, when evaporated to dryness, 
leaves hydrate of soda(NaO, HO). This is a solid white substance, 
greatly resembling soda in appearance and properties. It retains the 
water with such great affinity that it cannot be expelled by heat, 

The hydrate is composed of one equivalent of soda and one equivalent 
of water. 

Solution of hydrate of soda is largely used in the arts. It is made 
by boiling a tolerably strong solution of soda-ash or carbonate of soda 
with milk of lime until a ion of the filtrate ceases to effervesce on 


the addition of an acid. e strength of the solution is indicated by 

its specific gravity at 59° Fahr., as demonstrated in the following table 

by Zimmerman ;— 

Soda Soda 

Sp. gr. per cent, Sp. gr. per cent, 
1°4285 . - « 30°220 1°2392 . + «+ 15°110 
14193. .« « 29-616 1°2280. . « 14°506 
14101 . + » 29°011 12176. - « 13°901 
14011. . + 28°407 1:2058. . + 13°297 
1°3923 . + 27°802 11948 . + 12°692 
13836 . » 27°200 11841. + 12088 
13751. « 26°594 11734. » 11°484 
1°3668 . « 25°989 11630. + 10°879 
13586 . + « 25°385 11528 . + 10°275 
13505 . + 24°780 11428 . + 9670 
13426 . + 24176 11330. . 9066 
1°3349 . + 23°572 1°1233 . - 8462 
13273 . + 22°967 11137 . 7°857 
13198 . + 22°363 11042 , 7°258 
13143 . « 21°894 1°0948 . 6°648 
193125. . + 21°758 10855. . 6044 
13053 . « 21154 10764. . 5*440 
1:2982 . » 20°550 1°0675. 4°835 
12912 . ~ 19°945 10587 . + « 4231 
12843 . + 19°341 10500. . » 3°626 
1:2775 . « 18°730 10414. 8°022 
12708 . + 18°132 103380. . 2418 
12642. + 17°528 1°0246 . 1813 
12578 . + 16°923 1°0163 . 1:209 
1:2515. + » 16°319 10081 . «+ + 0°604 
12453... « 15714 10040, , + 0302 


* 

Soda is met with in some mineral Substances, but not so commonly 
as potash. It is found however in albite, or cleavlandite, a con- 
stituent of granite resembling felspar, except that it contains soda 
instead of potash. [Soprum, in Nar. Hist. Drv.] 

Peroxide of Sodium (Na0* ?).—This compound is formed on mode- 

TT 


af 


ous SODIUM. 


SODIUM, 


rately heating sodium in gas. It burns vividly, evolving much 
Tight and heat ; the ms | yaa ing is of a yellowish-green colour, 
When put into water, it is eerercactse. | oxygen gus being evolved, and 
soda, or protoxide of sodium, remaining in solution. ¢ 

It is not applied to any use, and, decomposed by water, it 
does not form salts with acids, 


Chlorine and sodium form only one compound, the important one, | other 


formerly called muriate of soda, and now chloride of 
sodium (NaCl), Ofall natural soluble salts this occurs in the greatest 
quantity. It is met with solid, constituting rock salt,in solution in 
salt springs and in the ocean, and in small quantity in almost all 
spring and t river water. [Satt-Trapr; Sovrvm, in Nat. Hist. Drv.) 
This salt may be obtained artificially, either by the direct action of 
chlorine gas on sodium, or by saturating hydrochloric acid with soda; 
by evaporating the solution, common salt is obtained, which, in what- 
ever manner or from whatever —- pee ee cop tales 
following properties :—it is colou inodorous, a ine 
taste unmixed with bitterness; is tran t, brittle, 4 fone 
reduced to powder ; its specific gravity is at 2°125 ; when exposed 
to moist air, it deliquesces; it tallises in cubes, which form under 
common circumstances is but little subject to modification, It is 
almost as soluble in cold water as in boiling. Water at 32° dissolves 


common salt, 


The uses of this salt have been known from the earliest ages. It is 
employed not only in seasoning food, but in preserving meat from 
putrefaction. It is used occasionally as a manure. In chemical manu- 
factures it is employed for preparing hydrochloric acid, sulphate and 
carbonate of soda, and several other salts, and in the preparation of soap, 

Sodium combines with fluorine, bromine, iodine; sulphur, phos- 

horus, &c.; the compounds which they form are unimportant, not 
eng extensively applied to any useful purposes. Their formation is 
i methods similar to those employed in the preparation 
of the corresponding salts of Potassium. 
Salts of Oxide of Sodium, or Oxisalts of Soda. 

It is perhaps scarcely requisite to state that these salts are never 
prepared by directly acting upon the metal sodium, although for pur-J 
poses of curiosity they might all of them be so procured. The first 
which we shall notice is— 

Nitrate of Soda (NaO, NO,).—-This salt may be prepared either by 
adding the metal, or soda, its oxide, to nitric acid ; asa natural product 
it has, however, of late years been largely imported from Peru, where 
it forms a deposit similar to that of nitrate of potash in India, Nitrate 
of soda has a cooling saline taste, is inodorous and colourless; in a 
moist ere it deliquesces; it readily crystallises, and the form 
of the is an obtuse rhomboid; so obtuse indeed, and so near a 
cube, that the salt was originally called cubic nitre, to distinguish it 
from potash nitre, the 


Gay-Lussac, 100 parts of water at 32° dissolve 73 parts of this salt ; 


at 212°, 173 parts: water at 60° dissolves half its weight. It is 
sometimes found with crude nitrate of potash. 

Like nitrate of potash, it deflagrates with charcoal ; but owing to its 
property of attracting moisture, it cannot be used in the manufacture 
of gunpowder. It is, however, used largely in making nitric acid, 
sulphuric acid, and as a manure. 

There are three compounds of carbonic acid and soda; namely, 
1, carbonate ; 2, sesqui-carbonate ; and 8, bi-carbonate. 

1. Carbonate of Soda (NaO, CO, +10 Aq.).—This salt, formerly called 
subcarbonate of soda, was obtained from barilla or kelp: the former 
being the ashes of the Salsola soda, and prepared in Spain; the latter 
the ashes of burnt sea-weed, manufact in Scotland. Since the 
duty has been taken off common salt, carbonate of soda is prepared, for 
the numerous uses to which it is applied, by first converting common 
salt into sulphate of soda by means of sulphuric acid, and then treating 
the sulphate, or salt-cake, as it is called, with small-coal and chalk in 
a reverbera' furnace ; the result is a mixture of carbonate of soda 
and oxysulphide of calcium, termed ball-soda, or black-ash, when this 
is treated with cold water, the oxysulphide remains undissolved, while 
the carbonate of soda is taken up by the water, and by evaporation to 
dryness yields what is called pod pak § ; 

Carbonate of soda is a colourless, inodorous salt; it is devoid of 
smell, but has a disagreeable taste, though less so than carbonate of 
potash ; it is readily soluble in water. The primary form of this 
pga ot when ee mem by pecuuate evaporation of the solution, 

an oblique rhombic prism. e cry are uently large. 
They contain about 62 per cent. of water, the ou podlige’ flare 

lose by exposure to the air, and eoaing eee At 
igh tem the salt becomes fluid and boils. Water at 60° 
dissolves its weight of carbonate of soda, and boiling water con 


crystals of which are prismatic. According to | 280, 


possesses the alkaline y of 


2. aa of Soda (2Na0, HO, 800, +3Aq.).—This com- 
und is found native in Hungary, and also near Fezzan 

y the natives it is called Zrona, Itis found in hard striated 
masses, is not altered by exposure to the air, and is readily 
water. 


This salt appears to be formed when a solution of the carbonate 
soda is heated with carbonate of ammonia, and probably also when 
solution of the bi-carbonate is heated. Its taste is less alkaline than — 
that of the carbonate, into which it is converted, when strongly 
by losing one-third of its carbonic acid, 

Bi-carbonate of Soda (NaO, HO, 2CO,).—This salt may be 
by passing carbonic acid gas into a solution of the carbonate of 
is a crystalline granular com; It is produced on the large scale 

of soda to a current of ; 
acid gas. 


Bi-carbonate of soda has a very slightly alkaline taste, and acts 
feebly on or nigh It requires about twelve 
water for solution. en the solution is boiled, it loses one-fourth 


least should be, a solution of bi-carbonate of soda in water charged with 
carbonic acid gas under pressure. [AéRaTeD Warers,] 

Sulphate of Soda (NaO,SO, + 10Aq.), formerly called G@lauber’s 
hagiy yp dhacpy amd hind rs Fg Mea of the acid and alkali 
it is, however, generally prepared by decomposing common salt, as in 
the preparation of hydrochloric acid, or of carbonate of soda. It has 
= tom ne with in nature, but not largely. [Soprum, in Naw. 

1st. Dry, 


cminins its gt pe It L sagt, most ane ely e 
t temperature 100 parts of water will dissolve 50°6 parts of the 
A boiling saturated solution pears sprbemtyrad gla 
kept for months without any forming in it, provided 
be excluded; let, however, a of the sulphate, 
matter, even a particle of dust, Srogget ee i 
whole then shoots into crystals with consi le elevation 
ture, Sulphate of soda is insoluble in alcohol. When 
heat it first undergoes watery fusion, by melting in its wa’ 
isation ; when the water has been expelled, it becomes 
ce typ Sing ving gre. Rh 4 e 
_ An anhydrous sulphate o e a hydrate containing NaO, SO. 
+7Aq. may also be obtained. Bisulphate of soda contains NaO, HO; 


Sulphite of Soda (NaO, SO, +7Aq,) is formed on passing sulphurous 
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(PHospHorvs.] 
Borate of Soda is a compound of boracic acid and soda. [Bonoy.] _ 
For an account of numerous other salts of soda we must refer to 

chemical treatises; those whose properties we have detailed being 


merely the most useful. : : 
General Properties of the Salts of Sodium.—Unlike the salts of 
potash, there is no acid nor any metallic oxide which forms a perfectly 


insoluble compound with the salts of soda, so that they cannot be 
precipitated in combination from solution. The best of dis- 

inguishing between these two alkalies is, by the yellow colour which 
soda salts communicate to the blow-pipe flame, salts of pots ving a 
violet tinge. They are separated from each other by 
of the insolubility of the double chloride of platinum and potassium, 
and the great solubility of the corresponding sodium salt. 

SODIUM, Medical Properties of the Preparations of. Sodium, when 
in the state of au oxide, is termed the mineral in contradistine- 
tion to potash, or the vegetable alkali. 

Sodium possesses the ordinary qualities of a fixed alkali, but not- 
withstanding the resemblance it has to the preparations, 
with the same acid, present some di i 
pointed out. 

In the oxidised state, or soda (pure or caustic), sodium is not 
employed in medicine to counteract acidity; nor in surgery to form _ 
an ulcer or to open abscesses, though for this latter purpose it possesses 
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some advantages over hydrate of potash, inasmuch as it is not liable to 


spread or run. =: 

It is only when in combination with carbonic acid that it is used to 
correct acidity. It exists in three states, namely, carbonate, sesqui- 
carbonate, and bi-carbonate: the causticity of these is less in propor- 
tion to the increase of the acid. These preparations, administered in 
various ways, but chiefly in solution, are much used to counteract real 
or presumed acidity of the stomach. The abuse of the analogous 
preparations of potash has been already pointed out. [Porassivm.] 
The same caution is necessary as to soda-water, when that really con- 
tains any carbonate or bi-carbonate of soda, as it not unfrequently 
consists only of carbonic acid com; into the water. The saline 

ts so commonly employed in the medical practice of this country 
are liable to the same objection, and in all cases of debility, especially 
in the phosphatic diathesis, do infinite harm. For an opposite reason, 
they are extremely serviceable in all inflammatory complaints: the 
_ when they should be discontinued can only be determined by an 


figent medical attendant. F a 

The preparations of soda of purgative properties are—the 
akiphato, or Glauber’s salts, the phosphate, and the triple salt, called 
sodze-potassio-tartras, or Rochelle salts, of which potash is also a con- 
stituent, Of these it is only to observe that of the sulphate 
a much larger dose is required than of the corresponding salt of potash ; 
and that the phosphate, being nearly tasteless, and extremely mild in 
its action, is a very proper aperient for delicate ms. A nearly 
similar character belongs to the Rochelle salt, but as this is decom- 
in the stomach, it is as hurtful as the common saline draughts 

cases of debility, though very beneficial in inflammatory di , 
icularly in both acute and chronic duodenitis. The same remark 
applicable to the so-called Seidlitz powders formed with Rochelle 
salt and bi-carbonate of soda, to which, when dissolved, a solution of 
tartaric acid is added, and the mixture drank im the state of effer- 
vescence. The most quickly acting aperient is a Seidlitz powder 
dissolved in warm water; this is most proper at the commencement 
of common colds, influenza, and inflammatory diseases, but it should 
not be without medieal sanction, especially in influenza, where 


* The preparations of soda of diuretic properties are the 
bi-borate and the acetate. The former of these has been already 
treated of [Borax], and the second is rarely used, though, from not 
deliquescing, it has the advantage over acetate of potash, that it can 
be administered in the form of powder. 

Chloride of sodium possesses purgative and emetic properties, which 
render it useful as a domestic remedy. Its other uses have been 
already pointed out. [Bararne; An?HELmintics; Foon.) Along 
with lemon juice it is a great means of checking sea-sickness. 

Chloride or hypochlorite of soda is a powerful disinfecting agent. 
[Avtiseptics.] Tt is of great utility in the malignant sore throat of 
ina, and in diphtheria, 

Bisulphite of soda is a a antiseptic. It effectually checks or 
prevents fermentation. (Macculloch ‘On Wine Making.’) It retards 
the decomposition of animal substances, and for that purpose is used 
in Parisian dissecting-rooms. 

Hypophosphite of soda is sometimes of use in the early stages of 

ion ; also in anemia and chlorosis. 

Valerianate of soda is a useful anti- odie in some forms of indi- 
gestion, with from unhealthy acids in the stomach, 

SODIUM-ETHYL, [Oxcanomerattic Bopres.] 

SOFTNESS is a condition of solid bodies in which the particles are 
held together by a cohesive power of small intensity : in quence 
of this, such bodies change their figures upon the application of a small 
degree of force ; and they do not recover their previous forms upon its 
removal. 


This condition is the opposite of hardness, in which the particles 
are held together by a power of cohesion so great that they cannot 
be separated any foree which it may be convenient to apply to 
them. No body in nature is known to oo se of wrprt mong 
abso! ; but in co lating the mechanical actions of soft bodies, 
rare ma 1 used, while blocks of wood acting 
directions of their fibres are frequently used 
to illustrate the effects of hardness. Balls of glass or ivory, or steel 

ings, serve to show the mechianical actions of elastic bodies. 
(Gortonon or Percvsston or Bonres.] 

SOIL. Wherever the surface of the earth is not covered with water, 
or is not naked rock, there is a layer of earth, more or less mixed with 
the remains of animal and vegetable substances, in a state of decom- 

ion, which is commonly called the soit. 

The nature and composition of the soil, and consequently its greater 
or less aptitude to the growth and maturity of vegetable productions, 
depend on the composition, the proportion and the mechanical 
structure of the various substances of which it consists. When the 
soil is favourable to the chemical action by which the élements are 
combined to form vegetable substances, and admits that quantity of 
air and moisture without which this chemical action cannot take place 
in any given climate or temperature, vegetation goes on rapidly, and 
all the plants which are suited to the climate grow in the- greatest 

, and bear abundant fruits. 
Tt is not however very frequently the case that a soil possesses alll 


_ extreme debility speedily ensues. 


those qualities on which great fertility depends, So many cireum- 
stances must concur to make a soil highly fertile, that the great 
majority of soils can only be made to produce abundantly by being 
improved by art both in their texture and composition. Hence the 
practice and seience of agriculture, which is founded on experience, 
but to which every progress in science also affords great assistance, by 
the additional light which every new discovery throws on the true 
theory of vegetation. 

, There are various modes of distinguishing soils, without entering 
into a minute analysis of their component parts. The simplest and 
most natural is to compare their texture, the size and form of the 
visible particles of which they are composed, and to trace the probable 
source of their original formation from the minerals which are found 
around or below them, or the rocks from which they may have been 
slowly separated by the action of the elements, The science of 
geology, which teaches the relative position and nature of the minerals 
of which the outer crust of the earth is formed, is consequently of the 
greatest utility in aiding us to compare different soils and in ascertain- 
ing their composition. : 

The knowledge which geology imparts is however not sufficient for 
the minuter classification of soils; for it is found by experience that 
the soils which lie over or near the different strata, as they appear 
near the surface, vary greatly, although they retain some general 
character which distinguishes them from others. The streams which 
descend from the hills, and flow towards the valleys, and through 
them to the sea, carry toa great distance the minuter portions of the 
minerals which they flow over in their course, while the larger and 
heavier are deposited much sooner. Hence the heterogeneous mixture 
of various earths and stones, and their stratification in thin layers, as is 
often found when a soil is examined which has never been disturbed 
by cultivation. 

It is not sufficient to class soils according to the substance which 
predominates, as has been usually done, such as sandy, gravelly, 
chalky, or clay soils; for this gives very imperfect information 
respecting their nature or fertility; neither is it altogether sufficient 
to class them according to any particular geological formation. 

The soils which have been evidently formed from the rocks which 
are supposed to be of secondary formation are fertile according to the 
proportion of the earths of these rocks which they contain. 

Argillaceous earth exists in some proportion in almost every rock. 
It has the property, when mixed with other substances, as silica or 
lime, of fusing into a stone of great hardness and insolubility. In 
this state its effect on the soil is not to be distinguished from that of 
silica; and by burning common clay, or clay mixed with carbonate of 
lime, a sandy substance is produced resembling burnt brick, which 
tends greatly to improve the texture of those clays which contain 
little or no sand in their composition. It must be remembered that 
the stiffest clays contain a large portion of silica in an impalpable 
state; but this, instead of correcting their impermeable and plastic 
nature, rather adds to it. It is only palpable sand which with clay 
forms what is commonly called loam, and which, when the sand is in 
due proportion with a mixture of organic matter, forms the richest 
and most easily cultivated soils. Some of the rocks of secondary 
formations contain a considerable portion of alumina and lime; and 
when these earths meet with ‘ised sand, a compound, or 
rather a mixture is formed, which has all the requisite qualities, as to 
texture, to produce the most fertile loams. The only deficiency is 
that of organic matter; but this is so readily accum wherever 
vegetation is established, or can be so easily added artificially, that 
these loams may always be looked upon as the most favourable soils 
for the usual agricultural operations; and if a considerable depth of 
loam is found, which neither retains water too long nor allows it to 
percolate too rapidly, it may be looked upon as a soil eminently capable 
of the highest degree of cultivation, and on which no judicious outlay 
of labour will ever cause loss or disappointment to the farmer. 

Thus, the greensand which lies under the chalk, and appears near the 
surface in several parts of Britain, consists of silicious, argillaceous, 
and caleareous earth, intimately combined and in a high state of 
subdivision, and yet not forming a compact paste with water so as to 
dry in hard lumps, but having rather the loose appearance and granula- 
tion of fine sand, whence its name. On this soil are found the finest 
wheats; but such is the variety of its form as it approaches towards 
the chalk or crystallised sand, or the plastic clay, that the soils which 
it forms have every degree of texture, from loose sands to stiff marls, 
whose chief use is to mix with other soils and improve them. In 

ral however it may be said that the soils of which the greensand 
ah a considerable part are productive and easily cultivated, and that 
they repay the labour and manure expended on them better than most 
others. A narrow strip of this sand crosses Bedfordshire, and in the 
neighbourhood of Sandy and Biggleswade are raised some of the finest 
culinary vegetables which come to the London market. This sand, 
though light in appearance, and very easily worked, contains much of 
the impalpable substance mentioned before; and this, with careful 
cultivation and manuring, makes it peculiarly suited for gardens as 
well as for corn-fields. In its natural state it is easily distinguished 
from other sands by certain dark particles in it, which give it the 
greenish hue from whence it has been called greensand, and also by its 
effervescence with strong vinegar or any other acid, 
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throughout 
and barren 
soil. In the course of ages the surface of the 
with a thin coating of soil, consisting of chalk and organic matter 
chiefly. _On this soil the finest and most aromatic plants are found, 
but of small dimensions, affording a sweet short pasture, much 
relished by sheep. The constant treading in of the dung of the sheep, 
and the stimulating effect of their urine, gradually increase the 
uantity of and animal matter ; and thus the turf becomes 
close and rich: but if this thin coat be disturbed by the plough and 
mixed with the chalk below, it will, after one or two tolerable crops of 
corn, be reduced to its origi sterility; and it requires ages to 
restore the fine pasture which once covered it. Such is the case with 
those hills which are called the South Down Hills, in Sussex and Wilt- 
shire, on which are bred the excellent sheep which bear that name. _ 
But the chalk has in many places been carried down by the rains 


and in a comminuted state to the sandy or clayey valleys 
around them, and by the mixture has tly improved both, forming 
various loams and marls in themselves highly fertile, or very useful in 


increasing the fertility and texture of other soils. has the 
peculiar property of neutralising acids of every description, and of 
preventing their formation in the soil by the fermentation of vegetable 
substances; while it assists in that slow decomposition which causes 
the evolution of carbonic acid, and thereby assists and invigorates 

tati The pr of carbonate of lime, if it does not exceed 
b third part, and if it is intimately blended with alumina and silica, is 
always a sign of oe spent when loose sand is mixed with it, 
so as to form one- of the whole soil. This is called a light 
calcareous loam, and is usually found on the slopes or around the base 


of ings Soar 

The Weald clay consists of very minute particles of alumina and 
silica, forming a tough unctuous earth, fit for the growth of oaks, with 
very few stones or visible particles. This soil is found in Sussex and 
Kent chiefly. The plo’ cuts it into continuous slices, when it can 
be ploughed, which is only in a certain state of moisture; for when it 
is dry the surface is as hard as a rock, while the subsoil is continually 
moist, the water being unable to pass through its pores. It has the 
most unpromising aspect, drying into hard lumps like brick, and appa- 
rently incapable of being brought to such a state of mellowness as to 
admit the seed or cause it to vegetate; yet this stubborn soil may be 
rendered fertile by tillage, draining, and exposure to frost in winter ; 
and its tenacity may be corrected by the application of lime, ashes, 
and other substances, especially fresh stable-dung, which interpose and 
prevent the clods from re-uniting into one tough impervious mass. 
Lime and chalk do this most effectually ; and when the weald clay has 
been brought to a looser texture, it produces beans, wheat, oats, and 
clover in great perfection. 

The system of complete under-draining by parallel drains, at the 
distance of from 10 to 20 feet, which carries the moisture into the 
surrounding ditches, has in many instances so greatly improved the 
weald clays, that those who had formerly attempted to cultivate them 
can scarcely believe their eyes when they see the abundant crops pro- 
duced. Subsoil ploughing has also done wonders after complete 
ining, in some cases rendering the soil so mellow and loose as to 
allow of the cultivation of turnips, especially the Swedish. As clay 
soils predominate in England, and their improvement has been almost 
despaired of, it is of great importance that it should be generally known 
that no soils repay the cost of improvement better than clays, provided 
the surface be such as to admit of perfect draining. 

Another clay is called the Oxford clay. This is of a bluish colour, 
which alters on exposure to the-air, probably from a change in the 
oxidation of the iron which it contains. This clay is favourable to the 
growth of grass, and some of the richest pastures in Wiltshire and 
Oxfordshire have it for a subsoil, over which the decomposition of the 
roots and leaves of the grasses has formed a layer of vegetable mould 
of the highest degree of fertility. In the fens of Lincolnshire, the 
Oxford clay is covered by a coat of peat, formed by the decomposition 
of aquatic plants, which have accumulated wherever the water had no 
natural exit. When these fens were laid dry by an extensive system 
of draining, the peat was converted into a rich soil by the admixture of 
the clay which was found under it. 

The Oolite formation contains much carbonate of lime, cemented by 
an unctuous earth into various sorts of stone. The soil which lies 
over them, and which is of nearly the same nature, but broken and 
disunited, is various in its qualities. Sometimes it is of great fertility, 
and sometimes nearly barren, according as the impalpable matter in it 
abounds and contains a due proportion of the iffgrent earths, or it 
resembles a loose chalky sand, in which moisture is retained with diffi- 
culty. In the first case, it produces every kind of grain in abundance 
with moderate cultivation ; in the latter, it requires a great outlay of 
eare, ag readily disappears, and then itis justly called a poor 

ungry #0 
On the red-sandstone is found a soil which is usually of the finest 
ality. The fine loose soils of Devonshire and Somersetshire are of this 
dasedigiiims It unites most of the requisites of a good soil, both in its 
texture, neither too close nor too loose, and in the impalpable matter 
i pted to the growth of toes 
and all roots which form the basis of a judicious cultivation. en it 


— is deficient, the 
addii of lime or chalk: 35 She jusit.saennn 8 Seapboving Jaa 
calcareous earth seems greatly to add to the effect of the manures, 
so that a much smaller portion is required to produce good crops, 
Each distinct formation gives rise to a grant varioly siieaeapie ae 
fertility, even where the basis remains the same: but it is of great 
im ce to the farmer to ascertain the general nature of the rocks 
strata on which his farm is incumbent. A 
The alluvial soils formed by the deposit of a variety of earths in 
state of great division, and mixed with a considerable 
organic matter, form by far the most productive lands. They 
bear crop after crop with little or no addition of manure, and with a 
very —_ cultivation, These soils are found along the course of 


there the soil is deposited in the form of mud, and gradi 
lating, forms those alluvial soils which are so 
fertility when carefully protected from the inroads of the waters. In 
these soils the impalpable matter greatly predominates; but the 
intimate mixture of the earths with organic matter prevents their con- 
solidating into a stiff clay ; and the gases which are continually evolved 
from the organic matter keep the pores open, and give scope to the 
growth as well as the nourishment of the roots. It is in the alluvial 
soils principally that an accurate analysis is useful ; because the pro- 
portion of their avec teak, pao) varies in innumerable It 
may be laid down as a general rule, that the most fertile of soils 
are those in which the earths are nearly in equal proportions, silica, 
however, being the most abundant, with about 10 per cent. of organic 
matter; a greater proportion of this last would form too loose and 
spongy a soil to bear good crops of corn, especially of wheat.. 
4 per cent. of vegetable matter, with a good mixture of earths, and 
some phosphate of lime from the decomposition of bones and marine 
shells, uces a very wheat soil. The rich warp-lands along 
the Humber are artificial alluvial soils, and although they contain but 
a small proportion of organic matter, are highly fertile their first 
deposition, but it is observed that they gradually become more tena- 
cious and difficult of cultivation as this humus is carried off by the 
crops; and that it is soon necessary to add animal and vegetable — 
manures to supply its deficiency. 

Organic matter is no doubt essential to great fertility in a soil, 
some soils require more of it than others. In every stage of its spon- 
taneous decomposition it keeps the pores of the soil open, and adr 
if it does not even attract, air and moisture to the fibres of the roots. 
In all rich soils which have been long cultivated, especially in gardens, 
there are particles of a dark colour and fibrous texture, which in the 
microscope appear like minute logs of charred wood, These keep the 
soil open, and supply carbonic acid, when the air reaches them. 
proper texture seems an indis' le condition of fertility, It is 
much easier to supply the deficiency of vegetable matter in a 
-soil, which at best forms but a very small portion of it, 
of silica or clay, which should enter into its composition in the 
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manures can ily procured. In this case the ect draini 
the land, and exposure of the ploughed surface to the frosts of winter, 
with the addition of chalk and manure, produce such an alteration in 
the texture of the clay, that by continuing the impro it is 
entirely changed into a mellow and fertile loam. The burning of a 
portion of the retentive subsoil into a brick-like earth gives ita 
porosity which renders it mechanically similar to silicious sand, and 
converting the iron which all these clays contain into a peroxide, the 
soil is thereby greatly improved in fertility; for it seems that iron, in 
a state of slight oxidation, or combined with any acid, is hurtful to 
vi tion, w the red peroxide is not only innocuous, but seems 
a= ve fertilising dace mee 

ini e value of a soil for the of lture, two 
preatin costay Lar} be carefully er “Trees be permea- 
bility of the soil to water; and the second is its power of absorbing 
moisture from the atmosphere. To ascertain the first, it is only 
required to place an equal weight of different soils in glass tubes of 
equal diameter, pressing them so that they shall occupy equal spaces, 
but not filling the tubes. Then pour an equal quantity of water over 
each soil, and place them aprige with cups under them. Examine 
which has the surface first dry,and how much water runs through 
each in a given time. That which presents a dry surface, while it 
holds most water in its pores, is probably the best. ‘To ascertain the 
comparative absorption of moisture, the soils are dried in pairs on a plate 
of metal heated by steam, or at a heat of 212°, to expel the water, — 
They are then placed in equal quantities in eimilar flat cups or dishes, 
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and placed in opposite scales of a balance, and poised. The apparatus 
is exposed to a moist atmosphere out of doors, or itt a cellar, and occa- 
sionally examined. That which is heaviest is, in general, the most 
fertile. : 
It is often useful to ascertain roughly the composition of a soil, 
without having time or opportunity to make accurate experiments. A 
glass tube, which can be carried in the pocket, and a small 

phial with a ground stopper, containing diluted muriatic acid, and 
secured in a wooden case for fear of accident, is all the apparatus 
required. A little of the soil is taken and moistened with water; a 
few drops of the acid are on; and by the greater or less dis- 
engagement of bubbles the proportion of calcareous matter is guessed 
at, and its presence prov The soil mixed with water is poured 
into the glass tube and well shaken. In a few minutes the coarse 
sand is deposited : shortly after the finer sand, and, lastly, the clay and 
impalpable matter, of which the lightest remains longest suspended. 
Distinct rings can be observed in the deposits, and the graduated tube 
shows their proportion. A person accustomed to this method will 
guess with great precision the general qualities of the soil; and when 
the geological structure of the neighbourhood and the nature of the 
subsoil are taken into consideration, the value of the land for pasture 
or cultivation is guessed with little danger of making very glaring 
mistakes. To surveyors and yaluers this method is of very great help, 
Mapa dss ne ab op ar pee So ees oe i 
greatest agricultural importance must be named the rptive 
powers which they possess over ammoniacal and other valuable in- 
of manures, either volatile or soluble, which would otherwise 


In soils are usually divided into light, mellow, and stiff; 
but this gives little information, there being every imaginable 
variety in each of these. There are still minute circumstances which 
produce great fertility or the reverse, and which it is difficult to 
investigate. An accurate chemical analysis, which, however, is a process 

; requiring the service of the educated chemist, joined to a careful 
mechanical examination, and very correct accounts of the average 
¢ produce under different of cultivation, can alone give us a 
t scale according to which the natural fertility of different soils can be 
; classed; and this must be the work of time and industry joined to 
( science and practical knowledge. Directed as it is to the detection and 
§ estimation of ingredients, many of which occur in very small pro- 
i portion, the process of chemical analysis is one which cannot be 
> undertaken by the farmer. It is sometimes useful to him, however, to 
| __ know the exact composition of his soil, and the chemist is thus some- 
, times able to point out the causes of infertility, and so enable him to 
iy remove them. When, therefore, he is at a loss, such an analysis 
may be the guide he needs ; and in a deficiency of phosphate of lime, 
or an excess of chloride of sodium, or a i of 
or in the presence 


? 


deficiency of organic matter, 
of iron salt which is thus detected, he may read the 


or meadow to feed it all the year round, allowing a portion 
y- But by raising clover, lucern, sainfoin, tares, and other green 
one or two cows can be fed with the uce of one acre, espe- 
ly if a portion is in mangold wurzel or other succulent roots. Thus 
the straw of the white crops is converted into excellent manure, and 
the land kept in a state of fertility, ty 
In proportion as a farm is larger in extent, so the expense of soiling 
increases, both from the distance of the fields where the green crops 
, and from the same”distance to which the dung has to be carted. 
Where ios limit therefore to the soiling system, unless there be 


or stables in different parts of a farm, so as to sub- 


expensive to procure it in this way than to send to a considerable 
distance to purchase it in towns. Where it cannot be purchased at 
all, there are no other means, in many situations, of ucing a 
sufficient quantity; and the trouble and expense of toust be 


submitted to, In almost every case where sheep can be folded to feed 


off the crops, the soiling of cattle is a loss, because the sheep pay some- 
thing for their food ; the cattle in the stall do so less frequently. 

But there are animals which must be fed for the work of the farm, 
such as horses or oxen; and these are much more profitably and 
economically fed by soiling than by any other means, <A horse or 
ox, if he works eight or ten hours, has no time for rest if he has 
to crop his food from a short pasture, however sweet; whereas an 
abundant supply of clover, lucern, or tares enables him to take a hearty 
meal and lie down to rest. He wants no corn with this food, and does 
his work without losing flesh or activity. 

There is nothing easier in a mild climate, and especially a moist one, 
like Britain or Ireland, than to have a succession of green food from 
the beginning of spring to the end of autumn, and afterwards a suc- 
cession of succulent vegetable food through the winter. Rye and 
winter barley, sown early in autumn, will be ready to cut as soon as 
the mild weather of spring commences; some sown later with winter 
tares, and the young clover, which has not been cropped in autumn, 
will succeed. After this come artificial grasses, as Italian rye-grass 
and the grass of water-meadows mown early ; although this last is not 
such hearty food for working cattle; but when joined to a mixture of 
oatsand cut straw, their watery nature is corrected. Clover and spring 
tares (when these last are sown at proper intervals), lucern and sain- 
foin (if the soil is suited to them), will afford a constant and abundant 
supply to the scythe which cuts the daily allowance. It is prudent to 
provide against failure, and have more land in these crops than is 
absolutely necessary, because the surplus can always be made into hay 
or reserved to ripen its seed; and these green crops, valuable as they 
are, far from deteriorating the soil, clear it of weeds, and render it 
more fit to bear corn afterwards. Turnips, carrots, and mangold 
wurzel provide with hay and straw the winter food. And by steaming 
the roots or pulping them, and so mixing with chaff of hay or straw, a 
palatable and nutritious food may be provided at small expense. In 
these cases soiling is profitable and economical. 

It is generally thought in those countries where the soiling system 
is most universally adopted, that it is best to allow the green food to 
remain twelve or twenty-four hours after it is cut, before it is given to 
cattle. This may be prudent with cows and oxen, which are apt to eat 
voraciously, and are subject to be hoven from the fermentation of 
the green food in the paunch or rumen: but, excepting in the case of 

oung vetches, which are more physic than food, for horses there is 
iittle danger ; and if the food is not wet with dew or rain, the fresher 
it is eaten the better it will nourish the animal, and the more he will 
relish it. , 

If any one is desirous of calculating the expense of soiling any 
number of beasts, he has only to reckon what time of men and hee 
it will take to cut the food and carry it to the cattle, from the average 
distance of the fields in which it can be raised in succession. Much 
of their time is lost in the morning and evening in going backwards 
and forwards from the field to the yard ; for there can scarcely be an 
establishment so large as to keep them employed a whole day; and 
if there were, the fields must be so large and so distant, as to greatly 
increase the of carriage. Not to enter into minute calcula- 
tions, it is fully proved, that, to a certain extent, soiling is profitable 
and economical, when it can be done before and after the usual hours 
of labour; but that when undertaken on a large scale in any one 
locality, it is usually attended with loss, the manure produced being 

at too great a price, 

Ifa labourer who has an allotment of half an acre of good light 
land would devote it entirely to raise food for a cow, his wife and 
children cutting the food and tending the cow in a small yard with a 
shed, or in an airy cow-stall, he would find that he had a much greater 
clear profit, than if he had sown his land every year with wheat, and 
had A a a good crop, which last supposition is improbable. There 
would be no better stimulus to industry than to let a piece of land 
for this purpose to every man who could purchase a cow and feed it by 
soiling. 

SOL, in music, the name given, in sol-fa-ing, by the English, Italians, 
and French to the fifth of the scale; and by the two last also to the 
sound called a by the Germans and English. [Sotmisarroy.] 

SOLANINE, a vegetable alkaloid obtained by Desfosses from the 
berries of the solanwm nigrum, and the fruit of the common potato, 

In appearance solanine resembles sulphate of quinine, but the 
erystals are finer and shorter; it restores the blue colour of litmus 
when reddened by an acid ; dissolves in acids, and is precipitated from 
them by the alkalies. The hydrochlorate and acetate of solanine have 
a gummy appearance when evaporated to dryness, but the sulphate 
and phosphate are crystallisable. It is extremely poisonous: a grain 
of it, dissolved in dilute sulphuric acid, killed a rabbit in six hours. 
The analyses which have been made of this alkaloid do not accord. 
The following are the numbers obtained by Blanchet and O. Henry 


respectively. 


Blanchet, O, Henry. 
Hydrogen . we . » 89 914 
Carbon . . . . 62:0 75°00 
Oxygen. . . \- ‘ 27°5 12°78 
Azote . ars . ° aes. 1 BS 3°08 

100°0 100°00 
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SOLA’NUM DULCAMA’RA, an indigenous 
common in wet and shady places, iy h . It has a remark- 
ably zigzag stem, with alternate leaves, the lower ones lanceolate, 
entire, the upper hastate; the flowers resemble those of the potato, 
but are smaller, and are ded by a cluster of red berries. This 
plant is called woody nightshade, to distinguish it from the Atropa 
belladonna, or deadly nightshade. The young twigs or tops are officinal, 
and they should be gathered in spring, before the flowering of the 
plant, or in autumn while the leaves are yet fresh, as much activity 
seems to belong to the leaves, and the twigs are best from plants about 
three years old, When fresh, the plant has an unpleasant odour, 
which is in a great measure lost by drying, as is also a large portion 
of water. The taste is at first bitter and slightly acrid, then sweet ; 
hence the name Ditter-sweet given to it. 

Ten pounds of the dried twigs yield two pounds of extract. Accord- 
ing to Pfaff, 100 pounds of perfectly dried stems yield a bitter-sweet 
extractive (picroglycion), 21; vegeto-animal matter, 3; gummy extrac- 
tive, 12; gluten with wax, 1; resin with benzoic acid, 2; gum, 
starch, salts (chiefly of lime), 6; and woody fibre, 62. Solanina 
(solania) has been found by Desfosses. Whether picroglycion, called 
also duleamarin, and dulcarin, is a distinct principle, or a combination 
of solanina with sugar, is doubtful. 

Bitter-sweet, when taken fresh, has a slightly narcotic influence, 
cansing also nausea, vertigo, and a dryness of throat, like other solana- 
ceous poisons. If delirium display itself, it is always of a most frantic 
kind. Perspiration or an increased discharge of urine generally occurs, 
followed by gentle purging. 

Bitter-sweet is chiefly employed in cutaneous diseases, ially of 
the scaly kind, such as lepra; it may be given internally, while a strong 
wash of it is applied externally. It is also useful in some vesicular 
diseases, such as herpes and eczema. In these its virtues as an 
external application may be increased by dissolving in it sulphuret 
of potass. Thix combination relieves most effectually the intolerable 
irritation of these complaints. 

It is usually ordered in the form of decoction, but long boiling is 
destructive of its powers. Slow simmering is preferable. The 
extract, when prepared from the fresh plant with a low degree of heat, 
is a good form for internal administration, as it may be combined 
with antimonials. . 

In cases of poisoning by the berries, often mistaken for currants, 
the stomach-pump should be used as speedily as possible, and moderate 
venesection is of service. 

SOLAR CYCLE. [Periops or Revotvrion.] 

SOLAR ECLIPSE. The phenomena of an eclipse of the sun 
resemble those of the moon in one respect only, namely, that the body 
of the luminary disappears, In all other respects there is so great a 
difference, both in the cause of the phenomenon and its attendant 
circumstances, that it is a pity one term, eclipse, should be used in 
senses so different. In the first place, the disappearance of the moon 
arises from the earth intercepting the light which she ought to receive, 
while that of the sun is the consequence of the moon coming between 
the sun and the earth. The body of the moon is never absolutely 
hidden, and is even slightly visible through a telescope during the 
darkest eclipse : but the body of the sun is really hidden by the inter- 
vention of the opaque substance of the moon. Again, the phenomena 


ial climbing plant, 


of an eclipse of the moon are the same for every point of the earth at | 


which they are visible: the beginning, middle, and end of the 
phenomenon happen at the same instant of absolute time everywhere, 
and the same portion of the moon is hidden from all the earth at the 
same instant. But in a solar eclipse, it entirely depends upon the 
position of the spectator whether there is any eclipse at all; and of 
two persons at different parts of the earth, at the same instant, one 
may see the sun totally eclipsed, while the other may, by the bright- 
ness of the sun’s rays, not know that the moon is almost close to him. 
A screen held before a candle may be an eclipse of the candle for one 
person in the room, but not for another, on account of their difference 
of place ; this is an illustration of the solar eclipse : a ball thrown into 
a dark corner may be invisible to all the persons in a room at the same 
time ; this is the same illustration of a lunar eclipse. 

If the earth had no motion of rotation, the inhabitants of any one 
place would see something exactly resembling a lunar eclipse ; the sun 
being in place of the moon, and the moon in place of the earth’s 
shadow. But different places would see different kinds of eclipses, 
some losing more of the sun's body, and otliers less. The rotation of 
the earth, without materially altering the character of the phenomenon, 
makes it much more difficult to calculate: for it is as if each spot of 
the earth, instead of standing still to witness one phenomenon, or one 
simple eclipse, were constantly taking into view portions of different 

na,a part of one followed by a subsequent part of another. 

an eclipse of the moon, whatever may be the phase for the time 
being, from the disappearance of the first to the reappearance of the 
last edge, the only question as to whether such phase will be 
visible or not at any p is the following :—Will the moon be above 
the horizon at that place when the phase occurs! Suppose, for instance, 
it were asked, what places on the earth will seé the beginning of the 
eclipse, the disappearance of one edge of the moon, at the instant when 
the moon rises? The answer is, calculate the absolute instant of the 
beginning of the eclipse, find out the spot to which the moon is vertical 


at that instant, and all places 90° distant from it will be exactly in the 
same a with respect to the eclipse. But in an eclipse of the 
sun, the beginning at two peers ope does not happen at the same 
instant; the inhabitants of any the same circle see very different 
phases, and a line drawn through all the places which see the same 
sort of phase under the same position of the luminaries with to 
their horizons, will be sy? different from a circle, Without attempting 
to give any account of the modes of ascertaining all these points, we 
subjoin, from the ‘ Nautical Almanac,’ a projection of the eclipse which 
took place on the 7th of July, 1842. 

The southern line passes through all the places which see a simple 
contact of the luminaries and nothing more: the of the lumina- 
ries unite for a moment and then separate. This line touches the two 
ends of a large figure of eight divided by another line passing through 
its loop; and the portion of the earth which at any time sees a total 
eclipse is contained in the broad shaded band. On the line marked 
“beginning of eclipse at sunrise” live those to whom the lumina- 
ries rise in contact: the other lines are similarly explained. The 
eclipse is first seen at the place marked “ First contact” on the line 
just mentioned. One point is marked as having both beginning, middle, 
and end of the eclipse at sunrise: this means that the eclipse is there 
only a contact, so that its beginning, middle, and end take yess at the 
same moment, and that moment is sunrise. At the loop o byte oe 
of eight, the beginning, middle, and end are represented as of 
them taking place both at sunrise and sunset : which must be a mystery 
to those who are not used to trace mathematical conceptions to their 
limits : are there two eclipses, one for sunrise and one for sunset? The 
explanation is this: there is at every moment of time a point in the 
arctic regions at which the sun is making its first u or its last 
nee oe previously or subsequent to the long polar day or night. As 
this moment approaches the days shorten, if the disappearance be 
coming on, and begin from nothing if the appearance be coming on > 
the long day or night being preceded by the ordinary days or nights of 
the rest of the earth. Now the point which is at the loop is that 
of the earth at which the sun and moon are in contact (without any 
further eclipse) at the moment when the sun first grazes their horizon 
after their polar night ; so that their day is but a moment, and at that 
moment the contact takes place. 

The figure of the projection is not always like that of the 
sometimes the loops become two ovals separated by a line which 
continued through the middle of them, the part of this line between 
the ovals being a line on which nothing but a simple contact is seen. 

There is an excellent mathematical account of eclipses in 
with the full mode of calculating them, and examples, by Mr. Wool- 
house, in the Supplement to the ‘ Nautical Almanac’ for 1836. From 
this we extract the summary of the limits within which an eclipse, 
whether of the sun or moon, can happen. 

At the time of full moon an eclipse of the moon will be certain 
when the moon’s latitude is less than 51’ 57”, impossible when it is — 
greater than 63’ 45”, and doubtful between these limits. For the 
doubtful cases an eclipse will result when the moon’s latitude is less — 
than 


61 
30 +2—0) + 8+ 16" 


p and s being the equatorial horizontal parallax and semi-diameter of 
the moon, and # and o those of the sun. é 
At the time of new moon an eclipse of the sun will be certain when 
the moon’s latitude is less thani 1” 23’ 15”, impossible when it is greater 
than 1° 84’ 52”, and doubtful between these limits. For the doubtful 
cases, an eclipse will happen when the moon’s latitude is less than 


prr+o+s+ 25” 


It is hardly n to state that eclipses of the sun are frequently 
wholly partial, tliat is, not total for any one moment to any one part 
of the earth. Sometimes, though the eclipse be central, it is not total 
on account of the moon not being near enough to hide the whole of 
the sun; in which case part of the latter is seen as a bright ring round 
the part hidden by the moon, and the eclipse is called annular. 2 

Before proéeeding to give some account of the physical phenomena 
observed during total eclipses of the sun, it may be desirable to allude 
briefly to some of the more interesting eclipses of this nature recorded 


in history. . 

The ancient literature of Greece and Rome contains several incidental 
allusions to the occurrence of total eclipses of the sun. The most 
celebrated of these is the eclipse mentioned by Herodotus as having 
taken place during a battle between the Medes and . The 
historian relates that the two hostile armies were so much terrified by 
the spectacle of the eclipse, that they suddenly @esisted from figh i 
and concluded a treaty of amity and peace. He further states that the 
eclipse had been foretold to the Ionians by Thales the Milesian. The 
precise date of this eclipse has given rise to much discussion in 
modern times. In 1811 the late Francis Baily communicated a td 
to the Royal Society, in which, by availing himeelf of Biirg’s lunar 
tables, he endeavours to prove that a total eclipse of the sun which 
occurred on the 30th of September, 610 B.¢., must have been the one 
alluded to by Herodotus. He acknowledges, however, that the ele- 
ments of the lunar orbit employed in his investigation failed to — 
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account also for a total eclipse of the sun which Diodorus Siculus | has taken up the subject of this eclipse. His researches are based 
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from the Greenwich observations, and the values of the secular accele- 
ration of the mean motion and node assigned by Professor Hansen, 
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Path of the Moon’s Shadow and Penumbra over the Surface of the Earth during the total Solar Eclipse of July 7, 1842. 
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Lent, the sun and the day darkened about the noontide of the day, 
when men were eating, and did light their candles to eat by. 
That was the thirteenth day before the Calends of April. Men were 
very much struck with wonder.” William of Malmesbury states, “ that 
while persons were sitting at their meals, the darkness became so great 
that they feared the ancient chaos was about to return ; and upon going 
out immediately, they perceived several stars about the sun.” 

Total eclipses of the sun are mentioned in hi as having oceurred 
in the years 1187, 1241, 1415, 1433, 1485, 1506, 1530, 1544, 1560, 
1567, 1598, 1605, 1652, and 1699. ‘The eclipses of 1433, 1598, and 
1652 were visible in the British Isles. The eclipse of 1483 occurred in 
Scotland. ing to Maclaurin, there is a manuseript account of 
it preserved in the li of the Edinburgh University, The moon’s 
shadow on the occasion of the eclipse of 1598 appears to have: 
over the border counties of England and Scotland. The day of its 
occurrence, which was Saturday, was long remembered in both countries 
as Black Saturday. The eclipse of 1562 was visible in the north of | 
Ireland and in Scotland. 

In 1706 there oecurred a total eclipse of the sun, which was visible 
in the southern countries of E At Montpellier, where it was 
observed by Plantade and Capiés, the total obscuration lasted 4™ 108, 
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During this time, the dark body of the moon appeared to be surrounded 
by agate of ey light. The planets Venus, Mercury, and Saturn, 
and several of the fixed stars, were visible to the nak: e. On the 
summits of some of the mountains of Switzerland, where the view was 
not impeded by the gross vapours which accumulate in the lower 
regions of the atmosphere, the stars appeared as thickly strewed as in 
the time of full moon. : 

On the 3rd of May, 1715, there occurred a total eclipse of the sun, 
which was visible in London, and of which Halley has given an 
interesting account in a paper published in the ‘ Philosophical Trans- 
actions of the ety’ for the same year. The obscuration 
lasted 8% 22". The planets Jupiter, Mercury, and Venus, as well as 
Capella and Aldebaran, wero visible to the naked eye. 

nm the 22nd of May, 1724, a total eclipse of the sun occurred at 
Paris. The total obscuration lasted only a little more than two 
minutes. Venus, Mercury, and a few of the fixed stars were visible to 
the naked eye. ees ee 

The next total eclipse of the sun recorded in history was visible in 
the northern countries of Europe. It occurred on the 2nd of May, 
1733. The total obscuration lasted a little more than three minutes. 
The planet Jupiter, the stars of Ursa Major, Capella, and several other 
stars, were visible to the naked eye. Besides the corona, several 
reddish patches of light were seen around the dark body of the moon. 
This is the earliest allusion to the well-known red prominences which 
have excited so much interest in recent years. 

A total eclipse of the sun which occurred in the Southern Ocean 
on the 9th of February, 1766, was observed by the persons on board 
the French ship the Comte d’Artois. The obscuration lasted only 5°3 
seconds. 

On the 24th of June, 1778, a total eclipse of the sun was observed 
at sea by the Spanish Admiral Don Antonio Ulloa, while cererpte! 
from the Azores to Cape St. Vincent. The obscuration lasted four 
minutes. The corona around the moon appeared in great splendour. 

On the 16th of June, 1806, a total eclipse of the sun was visible in 
North America, at Kinderhook, in the state of NewYork, where it was 
observed by Don Joachim Ferrers. The obscuration lasted 4™ 37*, 

Another total eclipse of the sun, which was visible in America, 
occurred on the 80th of November, 1834. At Milledgeville, Georgia, 
where it was observed by the French astronomer Nicollet, the obscura- 
tion lasted 1" 15". At ufort, South Carolina, two planets and four 
stars of the first magnitude were visible to the naked eye. 

On the 7th of July, 1842, there occurred a total eclipse of the sun, 
which was visible in the south of Europe. At Perpignan, where the 
phenomenon was observed by the late M. Arago and other French 
astronomers, the complete obscuration of the solar disc lasted only 
2" 24s. In the countries of Eastern Europe, the interval of totality 
was somewhat longer. At Lipesk, it lasted 3" 5*. The corona on this 
occasion was very conspicuous, Several red protuberances were also 
seen around the dark body of the moon. 

On the &th of August, 1850, there occurred a total eclipse of the 
sun, which was visible in the islands of the Pacific Ocean. At 
Honolulu, the chief town of the Pacific Isles, it was observed by 
M, Kutezycki, who has given an interesting account of the phenomenon 
in the ‘Comptes Rendus’ of the Academy of Paris for April 21, 1851, 
The red prominences were very conspicuous on this occasion. 

The next total eclipse of the sun occurred on the 28th of July, 1851, 
and, having been visible in the northern countries of Europe, was 
observed by a great number of astronomers, The totality, generally 
speaking, lasted about three minutes. Several rose-coloured promi- 
nences were seen around the moon's limb. 

On the 30th of November, 1853, there occurred a total eclipse of the 
sun, which was visible in South America. At Occaje, in Peru, it was 
observed by M. Moesta, director of the National Observatory of 
Santiago, in Chili. The totality lasted 2” 59%. The planets Jupiter 
and Venus were very conspicuous. Antares, which was within 5° of 
the sun, was also distinctly visible. Several rose-coloured prominences 
were observed around the moon's limb. 

On the 7th of September, 1858, there occurred a total eclipse of the 
sun, which was also visible in South America. At Paranagua, in 
Brazil, it was observed by M. de Mello, director of the Imperial 
Observatory of Rio Janeiro; by M. Liais, a French astronomer ; and 
several other individuals despatched for the purpose by the Brazilian 
pesvenment Several protuberances were seen. The corona appears to 

ve exhibited a very complicated structure. The planets Venus, Mer- 
cury, and Saturn, besides Sirius, Canopus, and three other stars, supposed 
to be a and 8 Centauri and a Crucis, were seen during the totality, 

The last total eclipse of the sun which we have to mention is one 
which occurred on the 18th of July, 1860. On this occasion, the 
moon's shadow first traversed a } yshecey of the North American Conti- 
nent ; it then swept across the Atlantic, and subsequently scoured the 
entire breadth of the Spanish peninsula, the eclipse terminating in the 
French colony of Algiers. The phenomena of the eclipse were o! ed 
by a great number of astronomers, both official and private, who had 
repaired to Spain for that purpose from every — in E The 
British government at the disposal of the o! om foot. this 
count the steamship Himalaya, for the purpose of conveying them 
from to the Spanish coast. A party consisting of between 
forty and fifty individuals, headed by the Astronomer-Royal, ayailed 


ai 

themselves of this liberal offer. The number of the observers 
disembarked at Bilbao, a town in the Bay of Biscay.; the remainder 
proceeded to Santander, which is situate about 30 miles further west. 
An arrangement was made by which the observers distributed them- 
selves as widely as circumstances would admit over the track of the 
moon's shadow, with the view of guarding against casualties of the 
weather. A party, consisting of Bacob, late director of 
the Madras Observatory, the Rey. Dr. of G w, and the 
writer of the supplementary matter of this article, observed the 

from the southern slope of the Sierra de Tolonio, a lofty mountain- 
range, commanding a most extensive view of the valley of the Ebro, 
along which the moon’s shadow was to pass, The total obscuration 
of the solar disc lasted 8" 20". The esc Venus and Jupiter were 
seen shining with great splendour, Persons whose attention was not 
distracted by other matters perceived also seven or eight fixed stars, 
The corona was unusually brilliant on this occasion. Several rose- 
coloured protuberances were also visible: 

We shall now give a description of some of the more promi- 
nent features of total eclipses of the sun. 

The corona of light which surrounds the dark es f of the moon 
during the totality of a solar eclipse has been remarked by more than __ 
one ancient author, Plutarch especially refers to it in very explicit 
terms. Speaking of total eclipses of the sun he says:—‘‘ But even 
although the moon were at any time to conceal the whole body of 
the sun, still the eclipse is deficient in duration as well as am: 
for there is seen around the margin a certain brightness which peer 
the shadow from being very deep.” All modern accounts of 
of the sun agree in describing the corona as a characteristic feature of 
the totality. Its light has been generally remarked to be of a pale 
silvery colour,and to diminish gradually in brightness from the moon's 
limb. Its breadth may be said to amount to half the moon’s radius, 
but there extend from it rays of much greater length, causing it to 
resemble the glory which painters in Roman Catholic countries throw 
around the heads of the saints. 

Whatever may be the physical cause of the corona, it is very plain 
from the accounts of observers, that its brightness is not the same 
during every eclipse. Thus M. Kutezycki states; that on the occasion 
of the total eclipse of 1850, the corona vanished at the very instant of 
the reappearance of the solar light. A similar statement ismade by 
M. Moesta with reference to the total eclipse of 1853. On the other g 
hand, in the case of the eclipse of 1860, the writer distinctly perceived 
the corona at least ten seconds before the totality. Certain other 
observers perceived it even earlier. It also continued to be visible for 
several seconds after the reappearance of the solar light. In conse- — 
quence of the bright light of the corona, the darkness during the 
totality was not so intense as it usually is during the occurrence of 
such phenomena. 

We shall now advert briefly to the rose-coloured protuberances seen 
around the moon's dark limb during the totality of a solar eclipse. 
These phenomena were first distinctly seen during the total eclipse of __ 
1733, but they do not seem to have excited any interest until the 
observation of similar phenomena on the occasion of the eclipse of 
1842 attracted the attention of astronomers to the subject. The 
following is a description by M. Mauvais of the protuberances as 
observed by him at Perpignan during the last-mentioned eclipse. 

“ A few seconds after the total ge banish while endeavouring to 
measure the breadth of the corona, I perceived a reddish point at the 
inferior limb of the moon, which, however, did not project sensibly 
beyond the limb. After an interval of fifty-six seconds had 
from the commencement of the totality, the reddish point to which I _ 
have referred, transformed itself into two protuberances, similar to two 
contiguous mountains, perfectly well defined. Their colour was not 
uniform. Upon their slopes were seen streaks of a deeper tint. I 
cannot give sci Weal of their aspect than by comparing them 
to the peaks of the Alps illuminated ay Reig 
off. After the lapse of one minute and seconds from the com- 
mencement of the totality, a third mountain was perceived to the left 
of the two others. It exhibited the same aspect as far as i 
colour. It was flanked by some smaller peaks, but all were perfectly —__ 
well defined. While this third mountain was in the process of issuing __ 
forth, the first two continued all the while to increase. They finally 
attained a height of about 2’. The interval between the two 
appeared to embrace an are of about 25° on the moon’s limb, The | 
most considerable group, apparently the most western, seemed to me 
to be a fewd to the left of the lowest point of the moon’s disc.” 

Francis Baily, who observed the eclipse from a station in the 
vicinity of Pavia, in Italy, remarks (‘ Mem. Ast. Soc.,’ vol. xv.) that the 
protuberances resembled mountains of prodigious elevation. Their 
colour appeared red, tinged with lilac or purple, or rather their aspect 

the colour of the peach blossom, According to M. Littrow, 
who observed the protuberances at Vienna, their aspect, which was 
first white, changed to rose colour, and then to violet, and afterwards 
passed in a reverse order the same tints. M. Otto Struve, 
who observed the eclipse at Lipesk, remarks, in reference to the rose- 
coloured protuberances, that a very large part of the moon’s disc was 


garnished with a similar reddish bordering. 
uring the total eclipse of — 
bservers | 
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The red prominences which aj 
1851 have well described by the numerous skilled o 
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who proceeded to the countries of Northern Europe for the purpose of 
bins phenomenon. According to Mr. Lassell, they were of a 
most brilliant lake colour, a splendid pink, quite defined and hard. 
Mr. Dawes remarked a bluntly triangular pink body suspended, as it 
were, in the corona, and the distance of which from the moon’s limb 
was observed to increase as the moon continued to advance over the 
solar dise. The isolated patch of light was also seen by the greater 
number of the observers of the eclipse. 

M. Moesta, who observed the eclipse of 1853, remarked on the same 
side of the corona, with a very conspicuous protuberance, two darker 
spots, of a form approaching to a square, in apparent contact with the 
moon's limb. They seemed to indicate an interruption of the corona, or 
rather two through which the dark ground of the heavens 
was visible- Their height above the moon’s limb was estimated to 
amount to 1’. 

The 4 gagcaciags which appeared during the total eclipse of 1860 
resem’ in their general features those observed on previous occa- 
sions. One of them appeared isolated from the moon’s limb, but was 
seen to approach the latter as the moon advanced over the solar disk. 

The question has been much discussed, whether the red prominences 
seen during a total éclipse of the sun belong to the sun or the moon. 


i as the moon advanced over the solar 
dise, while those on the eastern limb similarly diminished in size, con- 
sequences which would necessarily result from the protuberances being 
Seeatesiecsoan certian engabonsa ly abel Chor etin ate 
the protuberances was strengthened by similar observations e 
during the eclipse of 1851; but it was established beyond all doubt 
by the observations of the eclipse of 1860. On the mentioned 
occasion it was remarked by several observers, that as the moon ad- 
vanced over the solar disk, the protuberances on the eastern limb of 
the moon which first came into view, gradually diminished in size, 
while those on the western limb, which at the commencement of the 
totality were invisible, gradually increased in dimensions. This in- 
teresting circumstance has also been indicated by photographs of the 
protuberances taken by Mr. Warren De La Rue, and by the Italian 
astronomer Professor Secchi. 


Besides the berancés which form so conspicuous an object 
during the ty of an eclipse, there has been generally observed at 
the parts of the moon’s limb where the solar light disappears, and 
again at the parts where it reappears, a long red streak of light, appa- 
rently of the same physical nature as the protuberances, and tending 
to support the opinion that the whole surface of the sun is enveloped 
in such a substance. 

Attempts have been made to connect the rose-coloured protuberances 
with the solar spots, but the results of a careful comparison of the two 
(os dull 2 snperatineapeg agar A ad emmodtegg: existence of any 

ion between them. Other observers have endeavoured, 
~ with no better success, to account for the protuberances by means 
of the facule of the solar disk. 

The most probable view of the nature of the more important phe- 
nomena which reveal themselves during a total eclipse of the sun, is 
that the corona represents an atmosphere about the sun, and that the 
protuberances are emanations from a substance enveloping the surface 
of the sun, and somehow connected with the generation of the solar 
light and heat. 

We shall conclude this article with adverting briefly to a phenomenon, 
apparently originating in an optical delusion, which has been sometimes 
remarked on the occasion of total or annular eclipses of the sun. In 
the case of an annular eclipse, the western limb of the moon, previous 
to the formation of the annulus, exhibits an indented appearance, 
resembling a succession of beads. Almost immediately the beads 

elongated, assuming the aspect of long black parallel streaks, 
uniting the limbs of the sun and moon. In the next instant these 
lines give way, as if they had been snapped der by the eastward 
motion of the moon, and the annulus then appears completely formed. 
The same succession of appearances has been witnessed when the 
eastern limb of the moon is approaching the corresponding limb of 
the sun. Phenomena of this nature were witnessed during the 
eclipses of 1724, 1737, 1748, and 1791. Nicolai also observed a similar 
a ce very distinct! y. during his observation of the annular 

ipse of September 7, 1820, at Manheim. He remarked that about a 
second before the annulus was formed, the fine curve of the moon’s 
disk, then in contact with the sun's limb, appeared broken into several 
parts ; and in a moment these flowed together like drops of water 
or quicksilver near each other. De Zach, who observed the same 

at Bologna, also remarks that before the contact of the two 
was effected, there was visible, not a continuous thread of light, 
but a number of luminous points, resembling a row of so many pearl 


beads, separated by dark intervals, But the most vivid description of 
the phenomenon has been given by Francis Baily, who observed the 
annular of May 15, 1836, at Jedburgh, in south of Scotland, 


(‘ Mem, Ast. Soc.,’ vol. x.) When the cusps of the sun, previous to 
the annulus, Acteabenr 40° peers io bs + nes 
points, like a string of beads, i in size and distance 

other, suddenly formed round the part of the circumference of the 
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moon that was about to enter on the sun’s disk. Its formation was so 
rapid that it presented the appearance of having been caused by the 
ignition of a fine train of gunpowder. His impression was, that the 
annulus had just been formed, but to his great surprise he found that 
the luminous points, as well as the dark intervening spaces, increased 
in magnitude, some of the contiguous ones appearing to run into each 
other, like drops of water ; for the rapidity of the change was so great, 
and the singularity of the appearance so fascinating and attractive, that 
the mind was for the moment distracted, and lost in the contemplation 
of the scene, so as to be unable to attend to every minute occurrence. 
Finally, as the moon pursued her course, the dark intervening spaces 
(which at their origin had the appearance of lunar mountains in high 
relief, and which still continued attached to the sun’s border) were 
stretched out into long, black, thick, parallel lines, joining the limbs of 
the sun and moon, when all at once they suddenly gave way, and left 
the circumference of the sun and moon in those points, as in the rest, 
comparatively smooth and circular ; and the moon perceptibly advanced 
on the face of the sun. The same appearance, although in a reverse 
order, was witnessed on the breaking up of the annulus. While the 
limb of the-moon was yet at some distance from the margin of the 
solar disk, a number of long, black, thick, parallel lines suddenly darted 
forward from the moon, and joined the two limbs as before. ‘ As these 
dark lines got shorter, the intervening bright parts assumed a more 
circular and irregular shape, and at length terminated in a fine curved 
line of bright beads, as at the commencement, till they ultimately 
vanished, and the annulus ceased to exist. 

' The’ phenomenon alluded to in the foregoing description, which has 
received the appellation of “ Baily’s beads,” has been carefully sought 
for on the occasion of all the total and annular eclipses which have 
been observed in recent times, but no confirmation of its existence has. 
been obtained except in a few doubtful instances. The most probable 
explanation of its origin is that which supposes it to be due to some 
imperfection connected with the optical qualities of the telescope. 

SOLAR SYSTEM. We have given the elements of the planetary 
motions minutely in the several articles Mercury, Venvs, &c., together 
with such physical peculiarities as belong to them severally, and inde- 
emag ted of the System; the general phenomena of their motions 

ve been deduced from the great principle of Graviration; their 
history, as far as it is in the plan of this work to give it, has been 
treated in Astronomy. It remains to bring together the dimensions 
of the various parts of the System, and to notice such points as could 
not properly find a place under any of the heads just mentioned. 

By the Solar System is meant that collection of bodies which 
contains the Sun, the planets which revolve round him, their satellites, 
and such periodic comets as have had their returns successfully pre- 
dicted, The of the ancients includes the Earth as a fixed 
centre, with the Moon, Mercury, Venus, the Sun, Mars, Jupiter, and 
Saturn. That of the moderns includes at this day the Sun as a govern- 
ing body (but not as a fixed centre), Mercury, Venus, the Earth (with 
the Moon), Mars, the group of minor planets (now amounting to sixty- 
four),* Jupiter and four satellites, Saturn (with his triple ring) and 
eight satellites, Uranus with four satellites, and Neptune with one 
satellite, besides a considerable number of periodic comets, The follow- 
ing symbols are used to represent the ancient members of the system, 
to which we add the received explanation, without expressing any 
opinion about it :— 


© Sun. © or } Earth 3 Mars. 
9 Mercury. (modern). % Jupiter. 
2 Venus. D Moon. h Saturn. 


The symbol for the Sun is all that modern abridgment has left Of a 
face surrounded by rays; Mercury has the caduceus, or rod, entwined 
by two serpents; Venus, a circular looking-glass with a handle; the 
Earth (a modern symbol) has a sphere with an equator, and also 
bee some) an inverted symbol of Venus, Those who first used it 

‘id not, we ume, know that they might be making a looking-glass 
turned upside down represent their planet. The symbol of the Moon 
is obvious; Mars has what remains of a spear and shield; Jupiter, 
Bu to be a symbol of the thunder (arm and hand holding 
thunder ?); Saturn, an altered form of a mower's scythe, the emblem of 
time, But others have thought that Mercury was designated by 
putting o and 7 together, the initials of or!ABwy; Venus, from the first 
@nd last letters of dwopdpos ; Jupiter, from the first and last letters of 
Zevs, These signs are found on very old manuscripts and gems, 
variously figured, but all with some general resemblance to the modern 
printed forms. 

The four minor planets discovered about the beginning of the pre- 
sent century were also designated by symbols. Vesta had for its 
symbol 4, or an altar with fire on it ; Juno was designated by a sceptre, 

; Ceres, by a reaper’s scythe, 2; and Pallas by the head of a lance, 


* Since the article Asrenors was written, eight additional members of the 
minor planet-group have been d, namely :—in 1859, Mnemosyne, at 
Bilk, by Luther; in 1860, Concordia, at Bilk, by Luther; planet 59, name 
unknown, at Paris, by Chacornae; Danaé, at Paris, by Goldschmidt; Titania, 
at Washington, by Ferguson; Erato, at Berlin, by Firster ; in 1861; planet 63, 
at Naples, by De Gasparis; planet 64, at Marseille, by M. Tempel. The total 
number of asteroids accordingly now (March, 1861) amounts to sixty-four, 
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§. This mode of designation has recently been abandoned. It is 
now usual to distinguish the asteroids merely by a number, enclosed 
in a circle, indicating their place in the order of discovery. 

Uranus been distingui by the initial letter of Herschel’s 
name, with the symbol of a planet attached, I! ; Neptune has for its 
symbol a trident, ‘}’, 

- We are now to state the relative dimensions of the Solar System in a 
rough manner. This, we think, it may be useful to do in such a manner 
that any two planets may be with one another without com- 
putation, The planet is used to represent the group of minor 


And first, as to the relative distances from the Sun, we have the 
following table :— : 


5} 100} 54 39 25 |) 15 | 74) 4 20; 14 
Q | 187} 100 72 47 || 26 | 139 76 38 24 
258} 188/ 100} 664 36 || 192] 105] 52 84 
$04} 211| 152) 100] 55 |) 298| 160] 79 | 62 
2 | 715| 882} 277| 182) 100 |) 532] 290] 144| 95 
u {1844 719} 520 | 341 | 187 || 1000] 545 | 271 | 176 
hh | 2464 1319 | 954 | 626 || 847 || 1883 | 1000] 497 | 823 
4955 | 2652 | 1918 | 1259 || 690 || 8686 | 2010 | 1000 | 649 
7740 | 4140 | 3002 | 1980 | 1086 || 5760 | 3150 | 1560 | 1000 


* This table esents the comparative mean distances of the planets 
ee ee 
or 1000, and the rest are i 2 us We s8e6 
lompection that Uranus io ahaa 12} times as far from the Sun 
as ; about 19 times as far as the Earth; about 264 times as 
Yar as Venus; and about 7} times the mean distance of the four 
small planets. Also, taking the mean distance of the small planets, 
we see that the distances from the Sun are as the numbers 15, 
26, 36, 55, 100, 187, 347, 690; and if we take the first away from 
all the rest, we have 11, 21, 40, 85,172, 332, 675, 1071, in which 
it will be observed that each is about double of the preceding, except 
in the case of the last two numbers, Kepler had observed a pro- 
gression, without assigning a law, and had also noticed that one term 
a to be missing. Bode assigned the law which has just been 
noticed, noticing also the sopereney, missing term. The existence of a 
et between Mars and Jupiter was accordingly rip BT and at 
to the astonishment of astronomers, four little ies, looking 
more like fragments of a planet than planets, were discovered at a 
distance from the Sun so near to that which had been suspected, that 
their mean distance fills up its place in the series as well as that of any 
other planet. It was of course immediately suspected (when only two 
had been discovered) that these were remains of some planet which 
had been shattered by explosion or other cause; and the encourage- 
ment which this idea gave to look for further fragments, was perhaps 
one of the main causes of the discovery of the remaining two. It has 
been already stated that the number of bodies constituting the group 
of minor planets now amounts to sixty-four. This law of Bode, as 
it has been called from the astronomer who first noticed it, may be thus 
expressed : if a be the distance of Mercury, and a+b of Venus, then 
a+2b is that of the Earth, a +4 of Mars, a+8b of the small planets, 
a+16b of Jupiter, a+ 32 of Saturn, and a+ 645 of Uranus. e law 
fails, however, in the case of Neptune, the distance of which is a+ 994, 
instead of a +1280. 

To convert the above relative distances into actual ones, consider the 
distance from the Sun to the Earth as 23,984 mean semidiameters of 
the Earth, the mean semidiameter being 3956 miles; so that the dis- 
tance in question is 95 millions of miles, The semidiameter of the 
sun is 111-454 times that of the earth; so that the distance of the 
Earth from the Sun may be called 215 semidiameters of the Sun. One 
of our objects in this article is to correct the absurd notions derived 
from the playthings called orreries, and the diagrams exhibited in books 
and lectures. Let the capital letter O of the type which stands at the 
beginning of the article in this work represent the Sun; then the Earth 
is a speck which would need a good mi to show it; and its dis- 


tance from the Sun is ted by 11 inches, or nearly two inches 
more than the length of one of our columns. Sir John Hi el describes 
the Solar System thus :— 
Planet. Object which represents it. Gitcen tod wat een, 
Sun. Globe of 4 feet diameter. 
Grain of mustard seed, 164 feet. 

Venus. A pea. 284 feet. 

Earth. A pea. 430 feet. 

Mars. A rather large pin’s head. 654 feet. 

Ceres, &. | Grains of sand. 1000 to 1200 feet. 

Jupiter. | A moderate sized orange. Half a mile, 

Saturn. A small . ¢ of a mile. 

Uranus, eet ane ery, 2 nae A mile and a half. 

plum. 
Neptune. | A good sized plum. Two miles and a half. 


Y | in days of each planet, and also numbers expressive of the intervals 


For eaps > P| | For Pres ‘ oer or Biaes % ne 
» Neptune iter . “04 eroury * 
: .-017 | Satu | 056} ” 


That is, if the mean distance of Venus were called 1000, its greatest 
distance would be only 1007, and its least 993. 7 


For the excentricities of the minor planets, see AsTrrorps. 


We now give a table for the times of revolution, similar to that given 
for the distances :— 


100 24; 18 6 20; 8 3 2 

255) 100 62} $3| 14 52} 21 7 4 

415; 168] 100; 683) 21 84] 35] 12) 6 
2 | 781} 3806] 188] 100] 42]| 159] 65] .22 1 
p| 1911} 748) 460! 245) 100|| 888] 160! 55 
u | 4925] 1929] 1186| 631|) 257|} 1000] 412] 141} 6 2 
h | 11950] 4680) 2878 | 1581)) 624 || 2498/1000] 343 16 
hi 84880 | 18660] 8401 | 4467 || 1824 || 7082) 2918/1000} 489 

68060 | 26732 | 16400 | 8692 || 8524 || 18776 | 5740 | 1968 | 1000 | 


The explanation of this table resembles that of the one— 
times, instead of distances, being the objects of comparison. , if 
a reyolution of Jupiter contain 1000 parts of time, that of Saturn has 
Se. Seen enein jah tee cevolntion St Eeeee a ee 
of the Eart! = 
In the following table will be seen the crete of tho inte a 


days) between two successive conjunctions with the Sun :— ‘ 


Int. of Int. of Int. of 
Rev. Conj. Rey, Con}. Rev. Conj. 
88 | 116 || g| 687 | 780 10759 | 378 
225 584 - 1681) 467 30687 | 370 
365 | — | U 4333 899 59860 8 


Thus, Venus revolves in 225 days (all the numbers in this article are 
more roughly given than in the articles specially devoted to the planets); 
is in conjunction with the Sun at intervals of 584 days; and, with its 
mean motion, would describe 274° in the heavens while Ji upiter describes 
23°-1. Saturn moves 2°01 minutes daily ; the Earth, 59’ 8""3. ’ 

The minor elements (in a general consideration) may be preety ie} 
by diagrams ; the inclinations of the orbits may be represented by the == 
following lines, which show the slope or inclination of each orbit to the 
orbit of the Earth or plane of the ecliptic. None of the old planets have ~ 
an inclination of more than 7°, while in the new planets the same element 
varies from 40’ (Massilia) to 35° (Pallas), 


Uranus—} 


+ Earth 


In the next figure the plane of the ecliptic is ted; a B is th P 
line-which points to the astronomical toa wot ppremel: See 9 
equinox, and the arrows represent the directions of the planetary 


motions, On the outer 


citole are represented the jab thieae 
ssceoding noes th the danger lonely or Sho lines id whieh Vany ase 


titi aie 
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they rise through the ecliptic from the southern to the 
On the inner circle are re: ce the Mpaibudes 
of their perihelia, or points of nearest ap, to un. e slow 
changes which take place in these leniaaiie ark noted in the articles 
the different planets. 
general view of the elements of the minor planets has already 
i AsTERors.] : 
Jupiter his satellites might be inclosed in a sphere having a 
radius of about 24 times as great as that of the Sun; Saturn and his 
satellites in a sphere of 7% the radius of the Sun; Uranus and his 
satellites in a sphere of 4 radius of the Sun; and Neptune and 
his satellite in a sphere of which the radius is a little greater than the 
Sun’s radius. The Earth and Moon [Moon] might be contained in a 
sphere of one-half the radius of the Sun. 
diameter Mercury varies from 5” to 12”; Venus from 
lanets have diameters 
hardly measurable ; Jupiter from 30” to 46”; Saturn from 14” to 18"; 
ranus from a little less to a little greater than 4”; Neptune oscillates 
radii 


us of the Sun were divided into 1000 parts, there would 

be as follows in the radii of the several planets:—Mercury, 3}; Venus, 

8}; the Earth, 9; Mars, 43; Jupiter, 973; Saturn, 85; and Uranus, 

39. If the bulk of the Sun were divided intd a million of parts, 

Mercury would be a little less than one-twentieth of one of the parts; 
a 


masses of the planets much from what they would be 
i ind cobet . From the effects of the 


; 


- Moon, of diamond or topaz. By other 
modes, of course, than that of their satellites, Mercury is found to be 
three times as dense as the Earth ; Venus, of about the same density ; 
dense as the 

The Sun revolves about its axis in about 254 sidereal days; Mercury, 
Venus, the Earth, and Mars, all revolve in about the same time, from 

* to 244"; Jupiter and Saturn severally revolve in about 10" and 
About Uranus and Neptune, nothing is known in this respect, 
what precedes, a sufficient general notion may be collected of 


Lax 

than 340,000 times as far from our system as its most distant dis- 
covered planet is from the Sun. As to the question of the motion of 
in space, consult the article which 

The next question may be, is there any evidence in our System of 
law of formation, indicating ; connection between the 
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machine; but in the latter there are visible 
of attraction, for instance: were there any in the former ? 
tion on this point have been frequently considered 
foolish notion, ari out of those views to which we 
in Morton. Those who can only think of the Creator 
the Maintainer, and who vi separate the office of the 
give it to the “laws of nature,” may reasonably fear that 
id have to give up also the former office to the “laws of 
creation,” if such were found; which would be (but owing only to 
their own tion of the manner in which the world continues to 
exist) a renu! of the idea of Deity in the contemplation of the 
manner in which it began to exist. But to those who keep constantly 
in view the fact which no modern theist disputes, that the same power 
which created continues to create in preserving, t 3 
nature” are only expressions of the manner in which this preservation 
is seen to act, will look upon the “ laws of creation” to be as simple 


H 
2 


dG 
HEL 


and natural an object of cacphice) nquiry as those of the ascent 
of sap in a plant, or of the revolution of a p) The proper reply 
to a charge of atheism brought against those who investigate any 


of action of the Creator of 


the phe- 
nomena of one et with those of another, except Laplace (' B- 
Ee called ‘the nebular 
hypothesis. This conjectural theory, which is well worthy of atten- 
tion, never received any particular notice, to our knowledge, from any 
writer in this country, until Mr. Whewell’s ‘ Astronomy and General 
, the third of the Bridgewater Treatises, appeared, in which it 

is announced that the nebular theory was ushered in with ex 
which showed Laplace to be a professor of atheism. What Laplace 


Drisces on these subjects,as we have said before [LarLace,in Broa. 
Dtv-] we do not know, nor would it really matter if he were what he was 
represented to have been; for a conjecture may be ingenious, and a 
theory sound in its details, even though its author made it stand in 
the place of a Creator, But considering the collateral associations 
connected with such a charge, it will be well to examine into the fact 
whether there was any such announcement; and to do this fairly, we 
must quote both Mr. Whewell and Laplace. The former says, “ We 
have referred to Laplace as a profound mathematician, who has strongly 
expressed the opinion that the arrangement by which the stability of 
the Solar System is secured is not the work of chance; that ‘a primi- 
tive cause has directed the planetary motions.’ This author, however, 
haying arrived, as we have done, at this conviction, does not draw from 
it the conclusion which has appeared to us so irresistible, that ‘ the 
admirable arrangement of the Solar S cannot but be the work of 
an intelligent and most powerful Being.’ He quotes these expressions, 
which are those of Newton, and points at them as instances where that 
t philosopher had deviated from the method of true philosophy. 
e himself proposes an hypothesis concerning the nature of the primi- 
tive cause, of which he conceives the existence to be thus probable.” 
Here are two assertions :—1. That it is the doctrine of an intelligent 
Creator which Laplace “ points at” as a deviation from true philosophy; 
2. That Laplace pro; his nebular hypothesis as a primitive cause. 
We pay a writer of Mr. Whewell’s character the compliment of insert- 
ing here matter which would more appropriately appear in a review of 
his work : and we deny that Laplace has been well described in either 
assertion. Our object is to clear the nebular hypothesis from the 
unphilosophical character with which its first appearance is thus pre- 
sented, and by no means to uphold the moral dignity of Laplace. 
Until the biting facts connected with his treatment of his benefactor 
are answered or explained, that great mathematician must be called a 
time-server ; and we suspect that his ‘Systtme du Monde’ only treats 
the intelligent Creator whom his mind acknowledged in the same 
manner as he afterwards treated Napoleon. It was published in 1796, 
a period which would well explain the mere suppression of all allusion to 
the Supreme Being: and one of these things must be true; either 
“Laplace was what Mr. Whewell styles him, or he had not the courage 
to declare himself otherwise in his age and country. But what we 
have here to do with is the assertion that he did more—that he 
attacked the doctrine of a Supreme Being. His words are as follows, 
the passages to which we wish to draw attention being in Italics :—“ I 
cannot here help observing how much Newton has departed on this 
point from the method which he elsewhere so happily applied. After 
the ps of his discoveries, this great geometer, abandoning him- 
self to speculations of another nature, inquired into the motives which 
made the Author of nature give to the solar system the constitution 
which we have described.” Laplace then quotes Newton's Scholium 
INCIPIA, cols, 742-743, where we have translated the whole] thus: 
“And all these x motions have no origin in mechanical causes,” * 
&c., &c., down to “all parts of the heavens.” He then further quotes, 
“This most elegant group, &c., can only arise from the design and 
government of a powerful and intelligent Being.” He (Laplace) con- 
tinues thus, speaking, so far as the mere notion of a Supreme Being is 
co) rather in approbation: “He repeats the same thought at 
the end of his ‘ Optics,’ in which he would have been still more con- 
firmed if he tl oes yet have hg pacha jane 7 Eger the 
arrangement of the ets satellites is precisely that which makes 
acertain provision for their stability. ‘ find destiny,’ says Newton, 
‘can never make the planets move thus with such small irregularities, 
which appear to come from the mutual action of the planets and 
comets, and which will probably become greater and greater in the course 
of time, until at last the system will again require its Author to. put it in 
order.’ But,” proceeds Laplace, “may not this arrangement of the 
lanets be iteelt a consequence of the laws of motion? and may not the 
jupreme Intelligence, which Newton makes to interfere, have already 


made it upon a more general law? Are we to afirm that the 
{unlimited ion of the Solar System is a part of the intentions 
of the A of Nature?” This we should sum up as follows :— 


Laplace charges Newton with a departure from philosophical prin- 
doles in—1, speculating on the motives of the Creator ;+ 2, assuming 
the probability that his works would not last his time without his own 
supernatural interference; 3, assuming that he intended to preserve 
the Solar System for ever. But Mr. Whewell singles out only one part 
of lace’s quotation, and, without paying any attention to the 

which explain his meaning, declares that Laplace “ pointed at” 
Newton’s declaration of belief in God asa piece of bad philosophy ; 
whereas this part of his quotation is only followed by the remark how 
much stronger he himself (Laplace) had been able to make the sort of 
evidence on which Newton rested; and the sentence selected by Mr. 
Whewell as “ pointed at,” coupled with the remark specially made on 
that sentence, has rather the appearance of being  aeompine at with 
approbation. With regard to the assertion that Laplace propounded 


* Laplace evidently thought that by mechanical causes Newton meant what 
we now call second causes, See the reference just made, 

+ Newton’s Scholium does not seem to us to do any such thing ; but that is 
not the question, Laplace’s approval or disapproval is of course to be applied 
to his own interpretation of Newton’s moaning, not to ours, 
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the nebular theory as a primitive cause, it is true that he did so in his 
own sense of the words, Mr. Whewell means by primitive cause a 
first cause, as those words are usually ouitemood ; and he asks"(and 
the question would have been much to the purpose if Laplace had 


for intelligent creative power, if such a thing were intended, it would 
do no better than any other; for, as Mr. ewell observes, a man 
with will, power, and conscience, cannot be admitted to be a necessary 
of the cooling of a nebulous atmosphere. Nevertheless, 


really meant the same thing as himself by the words primitive cause), 
“Was man, with his thought and feeling, his powers and hopes, his 
will and conscience, also produced as an ultimate result of the con- 
densation 6f the solar atmosphere?” But Laplace speaks as follows:— 
“ Quelle est cette cause primitive? Jexposerai sur celk, dans la note 
qui termine cette ouvrage, une hypothése,” &c. And in the very first 
words of this note we find, “ a, pour remonter A la cause des 
more ae du systéme planetaire,” &c. This then is what 
Laplace by primitive cause, a cause of the primitive 
motions ;—an improper use of language, if the reader pleases ; but 
when a man puts his own meaning on his own words, no one has a 
right to fix the consequences of another meaning upon him. 

We now proceed to the nebular theory, which is a conjecture pro- 
posed with much doubt by Laplace, as a possible explanation of the 
manner in which the motions of the several planets obtained those 
remarkable resemblances which are found to subsist, without making 
the inquiry extend to anything except their motions, All the planets 
move in one direction round the sun, and their satellites move in the 
same direction round themselves; those that are known to revolve 
round their axes (and the contrary has been proved of no one of them) 
also revolve in the same direction, and their equators are not much 
inclined to their orbits. The excentricities of the planets and satellites 
are in no case very large, and generally very small; and the inclinations 
of their orbits to one another are generally small. Many nebulz in the 
heavens appear, when examined, to consist of a bright nucleus sur- 
rounded by nebulous matter ; in others it is found that the apparently 
nebulous matter consists of stars, This gave Laplace the idea that our 
System might originally—that is, previously to the establishment of 
its present order—have been a large nebula, of which the sun was at 
the centre. Imagine a large nebulous mass in a state of revolution, 
with a solid, or at least less nebulous, centre, round which it revolves : 
call this central nucleus the sun. Assume the ordinary laws of matter to 
be true of this nebulous mass; and also that it extends as far as such 
an atmosphere can do—namely, until the attraction of the whole upon 
particles at the equator is equal to the centrifugal force of those 
particles. If condensation should begin to take place, arising from loss 
of heat, the mass would revolve more and more rapidly as it was 
condensed into less and less space; but it does not follow that the 
equatorial particles would fall in towards the centre: they are balanced 
by-the equality of the centripetal and centrifugal forces, and might 
form a ring round the rest of the mass. If the process were conducted 
with great regularity, this ring and the mass of vapour might undergo 
continual condensation together, until the increasing velocity of rotation 

vented the formation of the ring from continuing. The departures 

m complete regularity which might exist in the mass might cause 
disturbances in the formation of the rings, which might end in there 
being one or more (not many) permanently revolving round the rest of 
the mass condensed into a solid body, in the manner of Saturn and its 
rings. Such regular formation, however, might be rarely continued 
long enough; and if the rings got broken, each ring would become 
several masses, which would revolve nearly at the same distance, and 
nearly with the same velocity : such a result is seen in the four small 
moma But as, en ee these masses would, by irregu- 

ities‘in their velocities, combined into one * at last, each broken 
ring would form a new nebulous mass, revolving round the diminished 
central nucleus ; and if a number of such masses were formed, those 
nearer to the central mass would move with the greater velocity, and 
would be both smaller and denser than the external ones: the first 
circumstance certainly, the second and third most probably. Again, 
each mass would have a motion of revolution in the same direction 
[Morioy, Direction or] as the motion round the primary ; for when 
the ring becomes broken, its internal parts have a somewhat more 
rapid motion than the external ones, which would give the motion of 
rotation noticed. And the rotations thus created in the internal 
masses would probably be greater than those in the external masses, 
The orbits of the would ily be nearly circular, and not 
much inclined to each other; but for irregularities, quite circular, and 
in the same plane. In each of the nebulous masses thus detached and 
Saleem | condensation might again give rings or satellites, or both; 
but in all probability the external masses would get more satellites 
than the internal ones : the orbits of the satellites must be also nearly 
circular, and not much inclined. All the preceding circumstances, 
both those which are certain and those which are probable (Laplace 
confined himself to the former), are actually existing in the Solar 
System ; consequently this hypothesis, though subject to serious difii- 
culties, deserves attentive consideration, as often as auy new knowledge 
of the constituent parts of our system shall render a reference to it 
likely to produce evidence on one side or the other. As a substitute 


* If any number of masses, capable of cohering, revolve in orbits so near to 
one another, that they must cohere when they come to their minimum distance, 
nothing but an ab and math ical equality in their mean velocities 
can keep them perm: tly der; the smallest inequality must at last bring 
them all together, 


as exhibiting a possible mode in which the Creator of mind and matter 
made the laws of formation resemble those of continuation, as far as 
the motions of the system are concerned, this hypothesis is 
explicative of what we really see. But even if we were to take it to 
be a true explanation, it would only be one of the ascent, and the 
next question would be, what higher process distributed the parts of 
this nebulous mass in such a manner as to place those outermost which 
were fit to form a planet so distant from the source of light and heat 
as Neptune, and to support the appropriate forms of animal and 
ag le life which logy would induce us to suppose must exist 
there. 


mutual actions are concerned, there is no reason why any change ever 
only. one which 
attracted the rest, and as long as the laws of matter remained unal- 
tered, it is certain that nothing could alter the revolutions of a L 
of planets, unless two orbits intersected, and the planets of those orbits 
happened to come to the intersecting part at the same time, and to 
strike each other. But the planets are subject to the action of each 
other as well as to that of the sun, and no instant elapses without 
every orbit undergoing a slight change from every one of the 
of the other orbits. Jupiter alone produces on the earth’s orbit in one 
year more change than we have any right to say all the comets put 
together would do in a hundred. yet the system not only con- 
tinues without any sensible change, but, one circumstance alone ex- 
cepted, to which we shall presently allude, is demonstrably formed to 
continue for a most enormous length of time, unless some new action 
should arise, or some external cause begin to . As it is some- 
times stated that a complete mathematical demonstration has been 
given of the eternal stability of the Solar System, so far as the mutual 
actions of its parts are concerned—an assertion which is 
incorrect—it may be worth while to enter a little on the details of 
this subject. 

The disturbing forces of the planets on each other cannot have their 
effects calculated all at once; but each force must be divided into an 
infinite series of terms, the first of which contains all the terms of the 
first dimension, the second all those of the second, and so on. Of all 
these terms each is much less in its effect than the preceding; so that 
in fact the first two dimensions are all that produce any sensible effect 
in any time which it is worth while to consider. Occasio: it 
happens that terms of the third and fourth dimensions have been 
required to be used, but almost all the sensible perturbations of the 
system depend on terms of the first two orders. As far as any effects 
— from such terms are concerned, and Poisson are ad- 
mitted on all hands to have demonstrated the stability of the Solar 
System: and considering the nature of the process employed, and 
there being no appearance of any circumstance which looks likely to 
lead to a different result in any of the remaining terms of the dis- 
turbing forces, it may be highly probable that a further investigation 
would show the same thing, if all the dimensions of the 
forces were employed. Sir J. Lubbock (‘ Phil. Mag.,’ Fe , 1831) 
has pointed out the forms which further investigation appa- 
rently produce, and which would (unless a detailed investigation should 
lead to something not discoverable @ priori) bear out as certain what 
we have just stated to be probable, But though all the presum 
lie on the side of those who would assert the proposition | 
of all dimensions of the disturbing force, it is not yet time to say that 
it is a certain mathematical consequence of the theory of gravitation. 

When the effects of perturbation are examined, as far as the second 
dimension of the disturbing force, it appears that the immense 
mass of the sun compared with that of any planet, the great distance 
of the planets from each other as com with their amounts of 
departure from spherical form, the small excentricities and inclinations 
of their orbits, and their motions being all in one direction, give the 
following a consequences of the law of attraction :— 
the longest or major axes of the planets’ orbits are not subject to any 
slow variations of very ic Lorca all their variations being excessi 
small, and soon destroyed by the production of contrary variations. It 
is very often stated that the majoraxes are subject to no variation ; 
this is to be understood only of secular variation (or of a very long 


period). One year is not precisely the same as another to any fraction — 


of a second; but the average year of one period is th 
same as that of another; or at Hoe the ating fn of the two iods 
become more nearly a ba the longer the periods are made. But the 
excentricities and incli 


tions are subject to iodic 
tions, the times of their recurrences ‘ik saad omits eettlod, fron 
the difficulty of their determination. How then is it known that 
they are periodic? For instance, the excentricity of the Earth’s orbit 
is subject to a yearly diminution of *00004, its value in 1801 being 
‘017. Had this diminution been an increase, as it is in Mercury 


and Jupiter, it might @ priori appear possible that this increase _ 
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the tangent of the incli- 
nation to a fixed plane be substi for the excentricity, the result- 
a is true. From such relations as these, and others con- 

with them, it is shown that so far as the mutual actions of the 
planets are concerned, no one excentricity nor inclination can increase 
indefinitely, but all their changes must be periodic, and confined within 

small limits. The approach of the ecliptic to the equator, for 
instance, which amounts to about half a second in a year (and which 
leads speculators sometimes to talk about a past time when the 
ecliptic passed through the pole, and a future time when it will 
coincide with the equator), must stop long before the ecliptic reaches 
in a minimum inclination, after which the two 


The whole result is summed up thus: As far as terms of 
the second order (inclusive) in the disturbing forces, and as long as 
only the mutual attractions of the act, there is a mathematical 
certainty that the Solar System remain in its present state, the 
elements of the different orbits oscillating about certain mean values, 
hich they are never very distant : only the longitudes of 
and perihelia, which change with ities which are always 
to mean velocities. The probability is very small 
higher dimensions of the disturbing forces would affect this 
only in a length of time to which the longest 
trifling in comparison. 
however, is of the less importance, since it has 
probable, within the last few years, that an external 
exist, which must, unless there be a coun’ ing force of 
ing, in time cause the destruction of the System. 
planets move in any medium which resists their motions, how- 


i uence must be a diminution of their 
-ooalaps ilgea earags niger plead ah prom 


iat 
i HI 


25 
F 
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increase of their velocities, 

in their absolutely falling into the sun. For the presumption 
favour 2a the actual existence of eg Hs pag meas see 
is retarding agent seems to w a rapid effect upon so 
a mass as Encke’s comet, though thousands of years have 
without its producing any sensible effect w the planets. 
as it may concern us directly, these tions have an 
glimpse they give of the possible destiny of 

our System, and from their association with the history of past and 
crontab ghee ties It is to be remembered that no science 
has drawn out so much of mathematical talent, or indirectly excited 
other branches of physical ,as the 
pak of gravitation to the development of the 
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SOLAR SYSTEM, MOTION OF THE, IN SPACE. One of the 
cee aps fap saree nerpametaplsenige preg iar agi pron 
the discovery of the fact, that many stars of the class styled fixed stars, 
are in reality subject to a minute movement, in virtue of which their 
| erga the celestial sphere are slowly shifting from year to year. 

is proper motion was origi found to be applicable only to a few 
ofthe principal stars, butasthe observations of astronomers have acquired 
a greater degree of precision, the number of stars which appear to be 
slowly changing their position continues to increase, and the probability 
is, that there is no star in the celestial sphere whose position is absolutely 
fixed. But the results at which astronomers have arrived with 
to the of the stars, combined with the relative intensities of 
the light of the sun or ponte srsoecr yyy pages Lag ign tev 
experiments, tend strongly to e idea sun is neither 
more nor less than a star. It is reasonable then to suppose that the 
sun, like the stars, should be subject to a motion of translation in 
space. This idea seems to have suggested itself to Fontenelle, 
who refers to it in a notice on the labours of Cassini. Bradley also, at 
the close of his paper in which he announces the discovery of the 
nutation of the ’s axis, has remarked that the apparent motion of 
the stars may arise either from a real motion of the stars themselves, 
or from a motion of the solar system in space. But he was of opinion, 
that ages would elapse before astronomers would arrive at a definitive 
conclusion on this subject. 

Thomas Wright, in his ‘ Theory of the Universe,’ published in 1750, 
suggests, as very probable, that the sun, with his attendant ‘eye 
may be circulating round some other centre. Mayer was the first 
astronomer who endeavoured to deduce a trustworthy result from an 
examination of the proper motions of the stars. His researches were 
based a comparison of the places of eighty stars, as observed by 
Rémer fh the 1706, with the corresponding places as determined 
by Lacaille and himself about the middle of the same . The 
conclusion at which he arrived vas, that the Mies motions of the 
stars do not afford any evidence of a motion of solar system in 
space, A remark made by Mayer on this occasion is worthy of 


mention. He states, that if the. solar system is advancing to any par- 
ticular region of the heavens, the stars in this direction will necessarily 
be gradually receding to a greater distance from each other, while, 
again, those in the opposite direction will appear to be drawn closer 
together. In 1783 the elder Herschel having been induced to examine 
the subject, arrived at a result quite different from that obtained by 
Mayer. His investigation was founded on the proper motions of seven 
of the brightest stars, as determined by Maskelyne. The result of his 
inquiry indicated a motion of the solar system towards a point in the 
heavens near the star A Hercules, which he found to be situated in 
257° of right ascension, and 25° north declination. In 1805 he subse- 
quently *esumed the subject, and obtained for the point towards which 
the solar system is moving, the following co-ordinates : right ascension, 
245° 52’ 30”; north declination, 49° 38’. 

The same subject was considered about the same time by Prévost 
and Kliigel, whose results agreed tolerably well with those obtained by 
Herschel. On the other hand, Biot and Bessel, who examined the 
subject, arrived at the conclusion that the present state of our know- 
ledge respecting the proper motions of the stars is insufficient to afford 
any trustworthy indication of the existence of a motion of the solar 
system in space. In recent times, however, the researches of Arge- 
lander, Lundahl, and Otto Struve, have confirmed the views of Sir 
William Herschel. The researches of these astronomers were based 
upon an examination of the proper motions of stars chiefly in the 
northern hemisphere. The late Mr. Galloway, however, obtained very 
nearly the same result by an examination of the proper motions 
observed in the southern hemisphere by Lacaille about the middle of 
the last century, and again by Johnson and Henderson in recent times. 
By combining his own result with the results arrived at by Argelander 
and Lundahl, he obtained the following values for the co-ordinates of the 
point in the heavens towards which the’solar system is advancing :— 


Right Ascension . 259° 9%4, 
Declination N. 34° 365, 
these numbers referring to the equinox of 1792. 

The most recent examination of this subject is due to Mr. Airy, who 
by a method totally different from that employed by previous inquirers 
has obtained a result eing very nearly in right ascension, but 
differing considerably in declination, from that hitherto arrived at. 

SOLDERED JOINTS. When two pieces of metal of the same or 
of different natures are joined by the interposition of another metal 
of a more fusible character than that of the pieces to be joined, it is 
said that they are soldered together, or occasionally that they are brazed 
together. Thus, when lead has to be joined to lead, the surfaces of 
contact are scraped perfectly clean, and a mixed metal, composed of 
about 3 of tin to 3 of lead, is melted over the joint so as to effectually 
adhere to the respective surfaces. When lead has to be joined to 
brass, the soldering metal is usually composed of a mixture of 7 parts 
of tin to 5 of lead, and this alloy is also used for soldering tin pipe, 
or for repairing the joints of tinned iron-ware. When iron plates are 
joined er by soldered joints, or when copper, tin, or lead pipes 
are joined to iron work, the brazing or soldering metal used is com- 
posed of about 4 —_ of zinc to 3 of copper, or more properly speaking, 
of 2 parts of fine to 1 of zine, the brass consisting itself of 2 of 
copper to 1 of zinc. The joints themselves may be either butt joints, 
lapped joints, spiggot joints, crossed, or flat joints. Wrought-iron 
joints upon wrought-iron are made by welding, as also are the joints 
of wrought-iron upon steel, whenever it is possible to place the 
respective pieces in the smith’s forge; the more unmanageable joints 


*“SOLDERING i 
SOLD G is the process of = the surfaces of metals, by 
the intervention of a more fusible metal, which, being melted upon 
each surface, serves, partly, by chemical attraction, and partly by 
cohesive force, to bind them together. In the ordinary soldering, the 
alloy used as a solder must be more fusible than the metals to be 
united, and must have a strong affinity for them. To insure ‘ect 
union between the solder and the surfaces to which it is applied, it 
is essential that they be made perfectly clean and free from oxide, and 
that the atmosphere be excluded during the operation. This is 
effected in various ways, but most commonly by the use of borax, sal 
ammoniac, or resin, either mixed with the solder or applied to the 
surfaces to be joined. 

The kinds of solder used for the several metals are given under 
SoLpErs. 

Articles of wrought-iron, and some qualities of steel also, may be 
soldered with cast-iron; the cast-iron being repeatedly heated and 
quenched in water, by which it becomes sufficiently friable to be beaten 
to a coarse powder with an iron pestle and mortar. In making fine 
steel instruments, gold, either alone or with a slight alloy of copper, is 
often used as solder. Silver solder, being less expensive, and nearer 
the colour of the steel, is preferred by some for this pu: fees 6 
larger articles of iron and steel, a solder consisting of equal parts. of 
tin and iron is sometimes used. 

Common plumbers solder is made of two parts lead and one part block 
tin; or of the same metals mixed in nearly equal quantities; bismuth 
is added when it is desired to make the alloy more fusible. Soft 
solder has two parts tin to one lead ; and other alloys of tin, lead, and 
bismuth, are used for uniting various articles of lead, tin, pewter, and 
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other soft compounds, Such highly fusible solders are usually cast in 
ingots or strips, and melted as they are used by means of an instru- 
ment called a soldering-iron, which is tipped with copper. 

A curious mode of soldering is resorted to in order to fix upon the 
back of the dial-plate of a watch the small copper studs by which it is 
attached to the plate that encloses the wheel-work. The heat required 
for melting spelter solder would be injurious to the enamel, and there- 
fore the studs are made of wire plated with silver, and fixed by melt- 
ing the silver on their sides, and causing it to ruti down to their base, 
where a mixture of borax and water is pages laid. Thus the 
studs are fixed without applying the jet of the blowpipe immediately 
to the back of the enamelled plate. 

A kind of soldering, called burning-to, is practised in some cases with 
sheet-lead, where it has been desirable to make a vessel entirely of that 
material; the junction being effected by pouring melted lead upon the 
eriges to be united, until they fuse together. Somewhat similar to 

is the process of autogenous soldering, This process, the invention 
of M. de Richemont, consists in the union of two pieces of metal 
without the interposition of any solder, by fusing them at the point of 
junction by jets of flame from a gas blowpipe. The apparatus used 
i the purpose contains a hydrogen gas generator, bellows for atmo- 
spheric air, and valves for regulating the proportion in which the gas 
and air are to be mixed. The joints formed in this way are neater and 
less liable to flaws than those made by the common process, Mr, 
Spencer discovered this about the same time as M. de Richemont; 
and his experiments led him to suppose that, by varying the admixture 
af gases, a jet of flame might be produced of intensity suitable for any 
metal to which it may be desired to apply this mode of soldering. 

The recent investigations concerning the applicability of the metal 
aluminium to purposes of use and ornament, have necessarily included 
the p of some kind of solder. It is found that aluminium 
cannot be soldered in the ordinary way. M. Mourey, of Paris, has 
devised the following plan. He puts on each surface a solder of zinc 
and aluminium, so as to form a thin film. Then, with a solder richer 
in aluminium, he joins the two pieces together. The first solder thus 
adheres to the metal, and the second solder to the first. The surfaces 
of aluminium are in the first instance prepared by a mixture of turpen- 
tine, balsam of copaiva, and lemon-juice, and strongly heated. The 
solder No. 1 consists of 6 aluminium and 94 zinc; No. 2 of 20 alumi- 
nium and 80 zinc. 

SOLDERS. A name given to certain alloys used for uniting 
metallic surfaces by fusion, to effect which it is n that the 
alloy should fuse at a temperature below the melting point of the 
metallic surfaces to be joined. The following are some of the most 
important solders. [ALLovys.] 


Gold (18 carats) a - 666 

Solder for gold .{ Silver . : . . « «6 167 
Copper. ° . ‘ « 167 

100°0 

Silver . : . . + - 666 
Solder for silver .{ Copper . . . . « 30°0 
Brass . . . . os 84 

100°0 

Copper. 2 . e - 60 

Wise for Wate B dh cee ras 
100°0 

Lead ‘ . ° . . 67 

PGE 5 | ea xd y Scie ee 
100°0 


SOLDIER is a term applied now to every man employed in the 
military service of a prince or state, but it was at first given to such 
sean only as were expressly engaged, for pay, to follow some chief in 

warlike expeditions. Czsar mentions a band of 600 men called 
“soldurii,” who bound themselves to attend their leader in action, and 
to live or die with him (‘De Bello Gallico,’ iii. 22), but it does not 
appear that they served for pay. By some the word has been thought 
to come from “solidus,” the name of a coin under the Roman empire, 
which may have been received as the payment for the service, 

The troops which formed the armies of the Crusaders were engaged 
to serve for pay, for though the nobles voluntarily entered into the 
war, their vassals were not obliged by the tenure of fiefs to accom- 
pany them. Pére Daniel (‘ Hist. la Milice Fr.,’ tom. i, p. 103) 
expresses his belief that Philip Augustus, near the end of the 12th 
century, was the first of the French kings who had hired troops, at 
least in any considerable body, in his service; and the of 

ing such troops appears to have been afterwards very It 
is le that men hired for the wars were, from the 
ps! oe called soudoyers or souldyours, that is, stipendiaries; but the 
name ap for the first time in the ‘ Chronicles’ of Froissart, where 
it is i epee lenge Ariel ygrrryp ete 

In wardrobe account of Edward I. (1300) the term occurs 
frequently, and (irose considers that the persons so designated were of 
a different class from the other troops. Some of them are called 
“soldiers scutifers,’ or esquires; some, “soldiers constables;” and 


other’, simply “soldiers ;" but the pay of all was the same, namely, 
one shilling per day. (‘ Mil. Antiq., vol. i, p. 826.) From the time of 
Edward I, to the end of the Phaeel eb se ee 
banneret was 4s., and of a t 28; that of a hobiler, a sort of light 
horseman, was 6d. ; of a cross! 4d.; and of an archer, 2d. In 
that age the stipendiary troops, or 80) 
commissions granted by the ki ; 
men for a certain pay (which was depend on the 
service), and for a certain portion of the ransom-money which 
obtained in the war, Ly ' 
Little change seems to have taken 
soldiers between the times of Ed 


! 


i 
Pes 


a 2 


: 


IIL. and. : 


during the reign of this queen the daily pay of a of hea’ 
cavalry was 10s., and of a soldier, 1s, 6d. Riedie Bad Hs 
of light cavalry was 6s., and of a soldier 1s. The pay of a caj of 
foot was 4s.; of a lieutenant, 2s.; of an ensign, 1s.; and of a foot 
soldier, 8d.; a halbardier and a backbutter, on horseback, had each 
1s, daily. In the times of Elizabeth, James L., and Charles I., the pay 
of the officers was a little raised, but that of a foot-soldier was 
still 8d. per day; during the civil wars the pay of the latter was 9d. 
but in the reign of William III, it was again reduced to 8d. At 
time the pay of a private trooper was 2s, 6d., and that of a priva 


dragoon was 13. 6d., including in both cases the allowance for the 
It is evident that the pay of the private soldier in later times is 


from having been raised in the inverse ratio of the value of money. 
neral use, the common soldiers ot Bogland 


zi 


While armour was in l 
were distinguished only by scarfs or by badges, on the latter 
were impressed the arms of their several leaders; but in the 
Henry VIII. something like a uniform was worn, and it 
the colour of the men’s upper garments was then gen 
soldiers in the king's cular service only, had on their a repr 
sentation of the cross of St. However, on an army beir 
raised in 1544, the soldiers were ordered to wear coats of blue 
one with oo. os eetet with yore Mey 
to be the uniform e troo) i e reign of Queen 4 
in the time of Elizabeth the pwwriny bry bina a cassock and 
trowsers, both of which were of Kentish gray: the cavalry r 
nished with red cloaks reaching down to the knee and without 
Gray coats, with breeches of the same colour, continued to 1 ie 

orm as late as the end of the reign of William IIL, but soon 
that time red became the general colour for the coats of the British 
infantry soldiers. . 
It must be admitted that, till lately, the condition of a private 
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which 
the food 
ni for his su his barracks he was subject to num: 
petty details of duty, which produced weariness and even ; 
at all times, to the restraints of discipline, which d him of the 
recreations enjoyed by other classes of men ; while the barracks them- 
selves were far from re even comfortable. These an 
tages are now, however, in a great measure removed ¢ 
the soldier suffices to afford him the means of obtaining 
of life in a degree 8 ee ee ae 
ordinary peasant or mechanic. With the improvement of his con- 
dition, a corresponding improvement in the ch of the soldier 
has taken place: men of steady habits are induced to enlist, and officers 
are enabled to select the best among those persens who present them- 
selves as recruits for the army. > 2" 

The duties of the soldier are now rendered as little burdensome as i 
consistent with the good of the service; the regulations promulgated 
by the authorities Fewer fn that he shall at all times be treated 
with mildness and humanity, and the non-commissioned officers are 
required to use patience and forbearance in instructing the recruits in 
their mili exercises, When breaches of discipline on the wt of 
the soldier oblige a commander to order the infliction of ped ot d 
attention is as mach as possible to render it a means of promoting 
a reformation of character: the lash is now very spari 1 
Wherever a regiment be now quartered, there is esta! é n 
soldiers a school, which the men are Rte wane their duty, to 
attend, and which is generally furnished with a 
The li and schoo! are formed and supported 
of the being ne Poa A peed wae to peer a Egy ted 
preservation of sobriety an conduct among the men, anin 
them from the haunts of idleness and dissipation, and Siler 
taste for useful knowledge. de) 

In time of peace the soldier, being surrounded by the members of 
civil society, must, like them, conform to its laws; and, under 
the influence of public opinion, he is, unconsciously to himself, held in 
obedience by them ; so that no coercion to keep - 
scr Be Ses ek iat yt i or Eon pn pbs 
soldier, even tho e serving a f peace, nany 
temptations to fall into a neglect or breach of discipline : be 
removed from the friends of his early life, who may have exercised 
area peg hc gpichye. ated a ses onde eh eee 
the conduct, too uently i lower orders tes 
the country wae is stationed; and it 
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fortified with the principles which should have been implanted in his 
mind by a sound education. The probability of a return to his native 
land 

thiness of the climate frequently termi- 
the facilities 


iscipline and morals. us in the colonies there arises a necessity for 
restraints on the freedom of the soldier, and for the infliction 
of heavier i ts than are required at home. (Maj.-Gen. Sir 


the ~ , in order to their immediate wants, 
commeypephs, 1 r to supply ; 


or to drown the sense of in liquor. 

SOLECISM (soloccismus, codoiopds), a grammatical term which is 
used by the later Greek and Roman writers, and by modern gram- 
marians also, tho’ i 


: 


force of cohesion Fo teal the perfect absence of this force 
constitutes fluidity ‘ : 
SOLID ANGLE, a name given to the idea of opening conveyed by 


; iy No one 
has the least doubt about each of these terms represen a clear and 
already in the mind; in spite of this, however, the 
the definitions been made matter of much discussion. 


a Poe eXeeel, pets po ose i 
of the solidity either of the desk or ink- 
stand, or of the external space. Surface itself, when distinctly under- 
i division into parts, and the boundary which 
Sees Sia Bare of Speen oes lene the surface, either on one 
or the other ; it therefore length only to the imagi “as 
lo 


or pune, 
first conception of a point, then of a line, 
then of a surface, then of a solid. y 

length, breadth, and 


without breadth 
of 


narrower the lines of 
Ves ; the 
diagrams 


of Spe hundrenite of pull, inch, it 
nearer than the rtoa representation of 
or of that which the mind desires to 
the breadth the better the 

must be 


which i to the mind, it 
would have no Bodh 468 all. : 


is small, and the diseases to which’ 


_ it matters nothing that the point, line, and surface are mechanical 
impossibilities; that no point or line, if they actually existed, could 
reflect light to show them ; and that no surface could continue to exist 
for any perceptible time, even supposing it to have one moment of 
existence. Neither does it signify whether the ideas be necessary, or 
acquired from the senses; the question in geometry is, Have you got 
them? not, How did they come? There may be danger that some 
students should need at first to be frequently reminded of the abstract 
limits of which the conceptions must be made permanent, lest they 
should accustom themselves to rest in the imperfect approaches to these 
conceptions which are realised in their diagrams; but it is always 
found that a moment's recollection will produce a satisfactory answer 
to any question upon this point. 

There is, it is true, one cireumstance in which the pupil may acquire 
a permanently false notion of the object of geometry. If an instructor 
should require what is called a very well-drawn figure in every case, 
with very thin lines and very small points, he may perhaps succeéd in 
giving the learner some idea that geometry consists in that approach 
to accuracy which constitutes practical excellence in the applications 
of the science. No idea can be more false: let the good line be ex- 
amined under a microscope, and it is seen to be a solid mound of black 
lead or ink, as the case may be. Hence it is perhaps desirable that the 
demonstrations should be frequently conducted with what are called 
ill-drawn figures, in order that no reliance may be placed on the 
diagram, further than as serving to remind the student of the ideal con- 
ception which is the real object of his demonstration. This of course 
is recommended without prejudice to his learning the accurate use of 
the ruler and compasses for another distinct purpose, namely, the 
intention of producing avowedly approximate practical results. 

It is to be noted that these definitions, so called, are in Euclid more 
than definitions. They appeal to conceptions supposed to exist, in 
words which are considered sufficient not to give, butto recall, the neces- 
sary ideas. This they actually do, to the satisfaction of the learner, 
who would never dream of their containing anything dubious, if it 
were not for the ill-advised interference of the psychologist. Whatever 
of pleasure or profit there may be in the subsequent union of the 
sciences, there is, we think,.no doubt that the young geometer should 
not be required to examine the foundations of his notions of space: 
he cannot do this with effect until he has seen what these notions are 
by the light of their geometrical consequences, 

SOLID, SUPERFICIAL, AND LINEAR DIMENSIONS. A solid, 
a surface, and a line, when they come to be the objects of arithmetic, 
are things as distinct as a weight and a time. That a surface is 
included by lines, or a solid by surfaces, makes no more of necessary 
connection between them than exists between weight and time, because 
the former can never be made sensible without the latter. Length 
only can measure length, a surface only a surface, a solid only a solid. 
Reasons of arithmetical convenience, not of necessity, make it advisable 
that whatever length may be chosen to measure length, the Square 
on that length should be the surface by which surface is measured, 
and the Cusg en that length the solid by which solidity is measured. 
Unfortunately, if a foot be the measure of length, the square on a foot 
and the cube on a foot have no other names than square foot and cubic 
foot. The farmer with his acres, and the distiller with his gallons, 
haye an advantage which is denied to the young mathematician, Ask 
the first how many acres make a gallon, and the second how many 

lons make an acre, and both would laugh at the question; the third 
is allowed an indistinct conception of measuring surfaces and solids in 
feet or inches, as if they were lines, from the occurrence of the same 
word in all his measures. 

Length is said to be a quantity of one dimension, surface of two, 
and solidity of three, The right line, the right surface or RecranaLe, 
and the right solid or rectangular PARALLELOPIrED (the figure of a 
box, a die, a plank, a beam, &c.), are the implements of mensuration. 
Every surface must be reduced to the second form, and every solid to 
the third, before it can be measured, The rules (which tacitly contain 
these reductions) for m ing different superficial or solid figures 
will be found under the several heads: the two fundamental theorems 
by which measurement becomes practicable are as follows :—- 

1. The numbers of linear units in the two sides of a rectangle being 
multiplied together, give the number of superficial units, square units, 
or squares on the linear unit, which the rectangle contains. Thus a 

5 13 65 
rectangle of 24 by 4} feet contains 5 x —y, or |, or 10§ square feet. 


2. The numbers of linear units in the length, breadth, and thick- 


the | ness of a right solid, being multiplied together, give the number of 


solid units, cubic units, or cubes on the linear unit, which the right 

solid contains. Thus a plank of 23 inches broad, 14 inch thick, and 
9 SP 2h eS 

104 inches long, contains [| X ZF X Bor ~g~ or 84h cubic inches, { 


SOLIDIFICATION. If heat be abstracted in sufficient quantity 
from a body in the liquid state, it will become solid. This change in 
the case of water is termed congelation. ing solidification, the heat 
of liquefaction becomes apparent, as explained under Latent Heat, 
Certain liquids, however, have not been solidified at so low a tempe- 
rature as —166° Fahr., such as alcohol, ether, and some others, noticed 
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under Gases, Liqueraction or, where will be found a list of those 
which have been solidified under cold and pressure. 

SOLIDITY. For the signification of this word in its strictest sense 
the reader is referred to Iwpenerraniirry ; but, as the word is fre- 
quently employed to designate a condition of material substance in 
con istinction from liquidity, or a us form, it may in this 
sense be defined to be a state of a body in which the force of cohesion 
between the molecules is such that these require a certain amount of 
force to separate them from one another; and, at the same time, they 
are subject to small variations only of their mutual distances by the 

ication of any quantity of heat less than that which would reduce 
to ashes or convert into fluids. The expansion of solids by 
heat is noticed under Heat ; see also Srecrric Heat. 

SOLIDS, REGULAR. [Reoutar Fiovres.] : 

SOLITARIUS (the Hermit), an obscure constellation of Lemonnier, 
which, having been admitted into the Astronomical Society's lists, 

here, It is situated a little above Centaurus, near the tail of 
FH There ae no conspicuous stars in this constellation. 
OLMISATION, or Sol-fa-ing, in singing, is the art of applying to 
the seven notes of the scale certain syllables, having no meaning in 
themselves, but containing the first five vowels, according to the French 
method, and the first four according to the system adopted by the 
Italians and English, 

This art was practised by the Greeks; but the six syllables now in 
use are generally attributed to Guido d’Arezzo. These he selected, on 
account of their furnishing all the vowel sounds, from the following 
stanza of a monkish hymn to St. John the Baptist :— 

** Ut queant laxis, 
Resonare fibris 
Mira gestorum 
Fawuli tuorum 
Solve polluti 
Labii reatum. 
Sancre Joannes.” 


Tn what is called the hexachord system [Hexacnorp], these syllables 
were found sufficient. When, however, that absurd method began to 
be disused, the addition of a name for the seventh of the scale became 

, and Le Maire, a French musician of the 17th century, has 
the credit of having introduced for this purpose the syllable si. The 
Italians rejected the French wt, and substituted the more euphonous 
syllable do, which is also adopted in England. The syllables therefore 
now used by the Italians and English are as follows :— 

Do, Re, Mi, Fa, Sol, La, Si, Do, 
O< <D,» ‘By RS IG; Ve ay Be 
To these syllables the English give the Italian pronunciation, 

SOLOMON, THE SONG OF, or THE BOOK OF CANTICLES 
oO vwn “WW; “Acua tév dopdrey, ‘Canticum Canticorum, our 
* Song of Songs ') a canonical book of the Old Testament. 

The canonical authority of this book has been much disputed. It 
is now admitted that it formed part of the Jewish canon. It is found 
in the oldest Christian catalogues of the sacred books, and in all the 
ancient versions, though it is not quoted in the New Testament. The 
objections to its canonical authority are now therefore derived solely 
from its internal character, and may be summed up in the following 
argument: that the book cannot form a part of Holy Scripture, since 
it contains no religious truth, unless we interpret it after a fashion for 
which there is no authority. 

The book is a poem, or collection of poems, describing in imagery 
which is certainly warm, but to an oriental taste perfectly delicate, 
the chaste loves of a bridegroom and his bride. It bears the name of 
Solomon in its title,‘ The Song of Songs, which is Solomon's ;’ and is 

to be the only remaining one of the thousand and five songs 
which we are told that that monarch composed. According to the 
common opinion it was composed as an epithalamium at the i 
of Pharaoh's daughter with Solomon, who are respectively the bride 
and bridegroom of the poem; but under the guidance of divine 
inspiration it was so constructed as to form a mystical allego re- 
senting the relation between Christ and his anne, Mate 

First, then, with to its date and author. An attempt has 
been made, supported by Kennicott, Eichhorn, Jahn, and Rosenmiiller, 
to prove the later than the Babylonish captivity, but Ewald, 
an excellent judge, and De Wette, agree in referring it to the time of 
Solomon. The style and language are not more different from that of 
the ‘ Book of Proverbs’ than might he expected from the difference of 
the subjects. But the structure and contents of the poem are alleged 
as presenting insuperable obstacles to the supposition that Solomon 
was the author. Again, with reference to the bride, it is contended 
that the poem itself proves her to have been not an tian princess, 
but an Israelite. This point is very strongly brought out by Dr. Mason 
Good. On all these points the difficulty is much increased by the 
highly coloured imagery of the poem. But the first difficulty may 
perhaps be explained by supposing one or more changes of scene: 
there seem in to be several. The question respecting the person 
designed to be represented by the bride, it has been attempted to 
solve in various ways. Dr. ace Good imagines that the 
describes a love-match which Solomon made with some Tsraclitish 
woman after his political marriage with Pharaoh’s daughter, A third 


mode of explanation, which if ad 1 would cut the knot, is that of 
Dr, James nett, who supposes 
reference at all to an actual 


this poem, are a most formidable objection to such an explanation ; 


Seep character of the 45th Psalm, maintain as ly the 
ng of Solomon has a literal as well as a itual meaning. .(See 
especially Bishop Horsley’s 5th * Sermon.’) e distinction 

between the two questions of who was the author and who were the 
— described, ought not to be lost sight of, as it too often has been, 

inding the book in the Jewish canon, the presumption is that it is a 
genuine id of Holy Scripture, and is intended to teach religious 
truth. This presumption is strengthened, if sit can be proved that 
Solomon was the author, since we have at least one other 
in the sacred canon; but it is not disproved even if the poem should 
be found to have nothing to do with Solomon either as its author or 
its subject. 

It is admitted that from a very early period the oriental nations 
have been accustomed to express religious sentiments ms a 
under the guise of amatory poems, of which the Gitagovinda ia an 
example. To this day the Reyptian Arabs, at their religious festivals, 
sing songs resembling this, in which the prophet is the beloved object, 
and which are only intended to have a spiritual sense. (Lane's 
‘Modern Egyptians,’ vol. ii.) Mr. Lane in fact gives passages from 
these songs strikingly parallel to passages in Solomon’s Song. Neither 
is it denied that similar imagery is used with a similar meaning in 
other parts of the Bible (Psalms, xlv.; Isaiah, liv. ; lxii. 4,5; Rom., 
vii. 4; 2 Cor., xi. 2; Ephes., v. 23-82; Rev., xix. 7; xxi. 2-9), 
also the opposite figure of representing idolatry and apostacy 
the image of adultery or whoredom. But it is said in 

the allusions are more distant, and enter less into detai 
is the case in Solomon’s Song, and that in them the religious 
made so prominent that one can scarcely fail to perceive it. The 
part of this assertion does not appear to be sustained by fact. 
one who examines the passages carefully, especially those which 
to spiritual adultery, will find allusions inferior in deli to 
grossest which can be produced from Solomon’s Song. 
condition does not appear to be necessary (as has been argued above) 
to establish the allegorical meaning of such imagery, when occurring 
in a canonical book: neither is the spiritual sense always so obvious. 


Be 
ans 


Peet 


For example, there is nothing in the 45th Psalm, except one or two 
expressions which could not by the greatest h: e refer to a 
human , to lead us to suspect its spiritual meani The fact 


subject, for the quotation of the one sanctions the general principle of 
interpretation, while the silence respecting the other proves nothi 
knowing as we do that the New Testament writers skated the 
Testament canon as it existed in their day, and that this Song was in 
that canon. Nearly all expositors, both Jewish and Christian, have 
adopted the allegorical interpretation, though they have explained the 
allegory in different wa: The Chaldee Targum considers it as a 
payeacin ead oes < Pet thes God to Israel, as shown in 
delivering them from the ptian slavery, sup; rm bec ps | 
them in the wilderness, aay! bringing them into the promised lan 
Christian expositors, from Origen downwards, have generally under- 
stood it as descriptive of the union between Christ and the church ; 
but some few have explained it in a different way. Those who 
acknowledge its canonicity, but reject the idea of a reference either 
literally to Solomon or figuratively to Christ, take its admission into 
the canon to be a divine recommendation and praise of a single 
virtuous marriage as opposed to polygamy and concubinage, This was 
latterly the opinion of the most distinguished modern opponent of its 
canonicity in England, Dr. J. Pye Smith. Various opinions are 

as to the structure of the Song, the best of which appears to be that 
which takes it to be a pastoral-nuptial song in a dramatic form. 

(The Introductions of Eichhorn, Augusti, Jahn, and Horne; Papers 

Dr. Smith, Dr, Bennett, and others, in the ‘ Congregational Maga- 
zine’ for 1837 and 1838; The Song of Songs, by Mason Good, Lond., 
1803; other Commentaries in Horne, vol. ii., part ii.; Lowth’s Pravlec- 
tions ; Hirzel, Das Lied der Lieder, oder Sieg der Treue, Zurich, 1840 ; 
Fava, La Cantica delle Cantiche, Milano, 1840.) : 

SOLOMON, THE WISDOM OF (2ogia Saddpywv), an apocryphal 
book of the Old Testament, ascribed to Solomon, but i 
written long after his time. It is not known to have ever existed in 
Hebrew, and it contains Greek ideas and expressions which prove it to 
belong, if to a Jew at all, to one of the Alexandrian school. There 
are in it historical references utterly at variance with the state of 
things in Solomon’s reign, and quotations from Isaiah and Jeremiah, 
Internal evidence would point to the end of the second or begi 
of the Ist century B.o, as the time of its composition. It is com 
ascribed to Philo the Jew, but the style is quite different from 
genuine writings, It was badly translated into Latin before the time 


of Jerome, who did not revise the version. The fathers of the church — 
hal; but it was pronounced canonical i! the — 


considered it a 


third council of (A.D, 397), and again by the council of 


{ 
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Tt consists of two parts. The first part (chap. i—ix.) contains the 
praise of wisdom, an exhortation to all, and ially to kings, to seek 
it, and the manner in which it is to be obtained. The second part 
(chap. x —xix.) brings forward examples from history of the happiness 
that springs from wisdom and the misery entailed by folly. Through- 
out the book Solomon is represented as speaking; and the work is 

i an imitation of his proverbs. It is remarkable as being the 
earliest Jewish work extant which contains a clear statement of the 
doctrine of rewards and punishments in a future state. 

SOLSTICES, the points of the ecliptic which are highest above the 
equator, at which, the sun’s motion in declination being imperceptible, 
the days remain sensibly unaltered in length for several days together, 


as they would do if the sun absolutely stood still: whence the name. 
(Sex . : 
SOLUBILITY. [Sorvrton.] 


SOLUTION. When the force of ApHEsIon is exerted between a 
solid and a liquid with sufficient energy to overcome the cohesion of 
the former, the substance is said to be soluble, or to solution, 


of gases in liquids, we refer to Gas. In the present article we may 
give a few details i the solution of solids 


water, while tincture refers to a solution of a solid in alcohol. When a 
liquid can no longer dissolve further ad eg helen chapter 
be saturated ; that is, the force of cohesion balances that of adhesion. 
, however, an elevation oe mee i fae ean cohe- 
sion, increase the solvent powers of the liquid. But there are cases 
in which cold appears to favour solution: thus lime and some of its 
salts dissolve more readily in water just above the -point than 
when boiling. Crystallised sulphate of soda requires about ten times 
its weight of ice-cold water for solution, and its solubility increases 
rapidly with the temperature up to 91° Fahr., from which point up to 
the boiling-point of the solution the solubility decreases; and the 
liquid, saturated at 91°, Me oe bel i of the salt by increasing the 
soda and sulphate of iron afford similar 
which are due probably to the fact that heat diminishes 
adhesion as well as cohesion, but the former force decreases more 
than the latter. If a liquid added to a solution have a stronger 
on to the solvent than to the substance dissolved, the latter will 
often be thrown down in vt cheba state: thus, the addition of 
water to camphorated spirit throw down camphor. 

Solution is favoured by increasing the extent of surface in the solid, 
as by reducing it to powder. In general, the first portions of a solid 
disappear rapidly, and the after portions more and more slowly until 
saturation is reached. Solids present innumerable degrees of solubility ; 
for while some cap! Sy volobie re 4 De eee ee * 
and sulphate of lime soluble in about the proportion of 1 part in 
700 parts of water, 1 part of sulphate of potash will dissolve in 16 

of water, and 2 parts of sulphate of magnesia will dissolve in onl. 

of water. It is remarkable that water saturated with one salt wi 

dissolve others. to meee eae ee ee bem sier'ty + Rapa 
the degree of solubili a solid may be judged of by suspending it in 
Father et vater, and veacktiog the current as it descends. “If it fall 
rapidly, and in dense strie, it will indicate rapid solubility, and the 
formation of a dense solution ; if it fall in a very narrow stream, it will 
indicate only moderate or slight solubility; and by its descending 
rapidly or in a slow broad stream, or by resting about the substance, a 
judgment may be made of the comparative density of the solution 

iced. no descending current appear, nor any fluid round the 
substance of a refractive power or colour different to that of the water, 
then the body must be very nearly, if not quite, insoluble at common 
temperatures.” (Faraday, ‘Chemical Manipulation.’) The taste will 
also frequently give an indication of the solubility of a solid. 

In general, a solution due to adhesion partakes of the properties 
both of the solvent and of the substance dissolved. Where chemical 
change intervenes, we have the ies of a third body. Hence, in 
cases of simple solution, the solvent and the body dissolved have, to 
some extent, properties in common, as when m dissolves many 
of the metals, and oils dissolve fatty bodies and each other; but in 
cases of chemical action, the affinities are between bodies the 
most dissimilar, as when the acids dissolve metals or their oxides, oils 
the alkalies, and so on. 

The uses of solution are numerous. It allows a body to be purified 
by filtration or crystallisation, so that one substance ma: bch on 
from another, either crystallisation or by the use of such fluids in 
succession as have a solvent power over one or more of the substances 
present, By means of solution, substances are prepared for the exertion 
of chemical action, and all obstructions due to the attraction of aggre- 


gation removed. : 

SOLUTION. (Mathematics.) By the solution of a problem should 
be meant the method of finding that which the problem requires to be 
found : but the word is frequently understood to apply to the answer 
itself. 

ARTS AND SCI. DIV. VOL. VIT. 


A solution is given when the problem is reduced to any other which 
was supposed to be known before the first was presented : the difficulty 
peculiar to the given problem is removed as soon as it is shown to be 
capable of reference to another and a lower class. Thus, though 
properly speaking a problem is not solved until the answer is 
presented in numbers, yet it is not thought necessary to require that 
such a result should be attained, provided the steps which are left are 
such as are well known and generally admitted. Thus an equation 
would be said to be solved were it found that the roots required are 
those of a given quadratic; for no one is supposed ignorant of the 
mode of then finding them. 

A geometrical solution, in the strict sense of the word, is one in 
which only the means of construction admitted by Euclid, or others 
deducible from them, are employed in itsattainment. This is the least 
finished of all solutions; for a mode of laying down the various points 
which terminate lines is not, generally speaking, a mode of ascertaining 
the ratio of these lines. Nor must it be forgotten by the admirers of 
geometry that the most important part of a result, the expression of 
the ratios which the answer bears to the several data, is only indirectly 
obtained in their favourite method. 

When more means than those allowed by Euclid are employed, the 
solution used to be called mechanical. It is rarely that such a solution 
is now employed. 

algebraical solution is one which employs algebra and arithmetic, 
to the exclusion of geometrical construction; that is, one in which the 
answer can always be directly calculated from a formula. Geometrical 
construction may be necessary for the demonstration of the solution : 
it is enough that the answer contain no directions to find lines or 

An ee sind hich hi f uracy 

approximate solution is one whi as an amount of inace 
Meeaate Thus if 3 + 4/2 were the root of an equation, this solu- 
tion would not be called approximate; for though 4/2 cannot be 
perfectly represented in a finite form, the symbol itself contains the 
mode of attaining the result with any degree of exactness short of 
perfection. But if ./2 were found to five decimal places, the answer 
1°41421 would be called an approximate answer. Most solutions must 
terminate in an approximate representation. [TRANSCENDENTAL. ] 

SOLVENT. [Sorvurton.] 

SOMNAMBULISM, a word of modern origin, which means strictly 
and etymologically sleep-walking ; it is however generally used in a 
more extended signification to comprehend all the phenomena that 
take place when a person, apparently insensible to external objects, 
acts as if he were in a state of consciousness: and this is the sense 
which the word will bear in this article. M. Bertrand, in his ‘ Traite 
du Somnambulisme’ (8vo., Paris, 1823), divides those phenomena into 
four classes : 1, essential (or proper) somnambulism, which arises from 
some particular disposition of the nervous system in persons who in 
other respects apparently enjoy perfect health ; 2, symptomatic (or 
morbid) somnambulism, which occurs in the course of certain diseases ; 
3, artificial somnambulism, which is occasioned by the proceedings 
employed in animal magnetism or mesmerism ; and, 4, ecstatic som- 
nambulism, which is the result of a sort of religious enthusiasm. The 
same division of the subject will be here adopted. 

I. Essential (or Proper) Somnambulism is intimately connected with 
the subject of sleep and dreaming; and in fact “a somnambulator,” 
as Dr. Pritchard says, “is nothing but a dreamer who is able 
to act his dreams.” [Dreams.] [Steep, in Nar. Hist. Drv. ] 
As a minute inquiry into the physiology of these two pheno- 
mena would here be out of place, the reader must consult the 
articles already given on these subjects. This form of somnambulism 
was noticed by the ancients. The author of the treatise ‘De Morbo 
Sacro,’ that commonly goes under the name of Hippocrates, says that 
“he knew many persons who used to and ery out in their sleep, 
and others that seemed to pant for breath (mvvyouévous), and others 
that would get up and run out of the house and act like madmen till 
they were awakened, after which they were in good health and sound 
sense as before, only rather pale and weak” (tom. i., p. 588, ed. 
Kiihn). Aristotle tells us that “there are individuals who rise in their 
sleep and walk about, seeing as clearly as those that are awake.” Dio- 
genes Laertius mentions (‘ Vitis Philosophorum, Pyrrho,’ lib. ix.) 


that a Stoic phi her named Theon was a sleep-walker; and Galen 
says (‘ ot usculorum, lib. ii., cap. 4, tom. iv., p 435, 436, ed. 
Kiihn) that he would not believe that people ever fell asleep while 


walking, until one night when walking along the road he did so him- 
self, and went on for about a furlong, sleeping and dreaming, till at 
last he was awakened by kicking against a stone. “ And this,” adds 
he, “is the reason why people cannot go on walking for Ln} distance 
in their sleep, because they cannot meet with a ectly smooth 
road;” in which he is not quite correct, as we often find that both the 
and intellectual powers of the individual are more active and 
developed in his sleep then when he is awake, and that he is then able 
to perform feats which at any other time he would shudder at. The 
instances on record of this species of somnambulism are so numerous 
that it is difficult to select the most interesting; one or two examples 
however must be given, and for a more copious collection the reader 
must be referred to some of the works whose titles will be given in the 
following part of this article. ; 
Several interesting cases of somnambulism will be found in Mura- 
xX 
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toci’s work, ‘ Della Forza della Fantasia Humana; some of them given 
on the authority of Gassendi. One of Gassendi’s somnambulists 
to rise and dress himself in his sleep, go down to the cellar and 
draw wine from a cask, He appeared to see in the dark as well as 
in a clear day; but when he awoke, either in the street or cellar, 
he was obliged to grope an] feel his way back to his bed. He always 
answered his wife as if awake, but in the morning recollected nothing 
of what had : eee Another sleep-walker, a countryman of Gassendi’s, 
passed on stilts over a swollen torrent in the night, but on nm 4 
“was afraid to return before daylight, or until the water had subsided. 
This species of somnambulism has been known to be hereditary, 
Horstius, in his work ‘De Natura, Differentiis, et Causis eorum qui 
Dormientes ambulant’ (seu‘de Noctambulonibus’), Lips., 1595, 8vo., 
p. 172, mentions three brothers who were affected with it at the same 
time; and Willis knew a whole family that was subject to it. Perhaps 
however these may rather be considered as instances of the influence 
of example and of the power of unconscious imitation, which some- 
times renders it in a manner contagious. Of this there is a curious 
example given by Dr. Pezzi, in a work entitled ‘Scretti di Medico 
Argomento,; Venez., 1813. It appears that his nephew, after reading 
more than once the history of a somnambulist, was himself seized with 
this affection ; and also that the servant who attended him soon began 
to exhibit in his own person similar phenomena, 

Essential somnambulism occurs in many persons (says Dr, Good) 
without any manifest predisponent cause, though it is generally con- 
nected with a considerable irritability of habit. A morbid state of 
the stomach, where this habit exists, has very frequently proved an 
exciting cause; and where this is the case, the attention of the phy- 
sician must of course be directed to that quarter. 
the mode of treatment during the fit, though it has sometimes been 
recommended to employ violent means, so as to awaken the somnam- 
bulist suddenly, and to repeat this as often as the attacks come on, 
until they have completely ceased; yet M. Bertrand warns us against 
such a proceeding. “ If, in the first place,” says he, “ sensibility is 
completely extinguished, all the means employed to awaken the 
sumnambulist will be useless; secondly, even when it is possible to 
awaken him at once, the sudden shock produces serious conse- 
quences ; thirdly, as somnambulism is often the result of a salutary 
crisis of nature, one is never sure of not hurting the patient by sup- 
pressing it; and, lastly, the sudden suspension of habit of the animal 
economy that has been contracted for a long time, must in all cases be 
attended with danger.” He adds that the best plan is to try to put 
oneself in connection with the patient by entering into the course of 
ideas by which he is occupied during the attack, and so endeavour to 
direct hin: in a reasonable manner. 

II. Symptomatic or Morbid Somnambulism generally presents itself as 
one of the phenomena attending catalepsy. Toaeaeer] This form 
of somnambulism does not appear to have been noticed by the ancients ; 
but there are many cases on record long before the time of Mesmer, 
as well as others described by persons uainted with and eyen 
opposed to the doctrines of animal magnetism. The following case is 
given by Colquhoun, on the authority of Sauvages, and may be found 
in greater detail in the ‘ Hist. de l'Académie des Sciences,’ for the year 
1742; A girl of twenty years of age was frequently attacked with cata- 
leptic insensibility, during which she continued stiff and deprived of all 
sensation, whether standing, sitting, or lying, in the position she might 
happen to be in at the time of the commencement of the attack, and 
she could be pushed forward, like a statue, when it was wished to 
remove her from one place to another. She was afterwards placed in a 
different state, which commenced with the same deprivation of sense 
and motion, but at intervals presented a wonderful kind of animation. 
She first became motionless, then, some minutes afterwards, she began 
to yawn, sat up on the bed, and enacted the following scene, which she 
repeated at least fifty times. She spoke with an unusual liveliness and 
cheerfulness, and what she said was a continuation of what she had 
spoken in her previous fit, or a repetition of some part of the catechism 
which she had heard read on the preceding evening, She frequently 
addressed her acquaintances in the house, and sometimes made ironical 
applications of moral apophthegms to them under feigned names with 
open eyes, and such gestures as she had made the previous evening. 
That during all this time she was not awake, was clear from various 
experiments, A hand was suddenly passed near her eyes, without pro- 
ducing any motion in the eyelids or any attempt to evade it, or inter- 
rupting her speech in the slightest degree. The same thing happened 
when a finger was suddenly approached close to her eye, or a burning 
taper held so near to it that the hair of her eyelids was actually burnt, 
and also when any one called loudly into her ear from behind, or threw 
a stone against the bedstead. Nay more, brandy and spirit of harts- 
horn were poured into her eyes and mouth; Spanish snuff was blown 
into her nostrils; she was pricked with needles; her fingers were 
wrenched ; the ball of her eye was touched with a feather, and even 
with the finger : yet she manifested not the slightest sensation. During 
these trances she always began to speak with more than usual animation 
soon afterwards, she sang and laughed aloud, attempted to Bet out of 
hed, and at length sprang out of it and uttered a cry of joy. She kept 
the middle way between the bedsteads as well as when awake, and 
never came against them—turned dexterously round between the bed- 
steads and a concealed closet, without ever groping her way or touching 


With respect to | has 
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; and after round, she returned to her bed, covered 


the obj turning 
used Laka Disk the clothene keeles became stiff as at the commence- 


ment. She then awoke as if from a profound sleep, and when she 
ceived, from the appearance of the bystanders, that she must bare tal 
her fits , she wept the whole day for shame, and never knew 
what had happened to during the paroxysm., The above is by no 
means one of the most wonderful cases of somnambulism occuring during 
a cataleptic seizure, but it has been chosen on account of the respect- 
able authority on which it rests. Those recorded by M. 
(‘ Mémoire sur la Découverte des Phénoménes que F arcs gy la Cata- 
lepsie et le Somnambulisme, &c.,’ 1787; and ‘ i 
prouvée par la Découverte des Phénoménes P ues et Moraux de la 
Catalepsie Hystérique, et de ses Variétés, Lyon, 1808), are not perhaps 
less authentic. 
IIL. Artificial Somnambulism, or that which is occasioned by the 
roceedings employed in animal magnetism, is not expressly mentioned 
by any ancient writer, but some lines by Solon, and a verse in Plautus 
(‘ Amphitr.’ i. 1-157) have been supposed by some persons to allude to 
these manipulations. Asan account of the doctrines of Mesmer has 
been iven under the head of AnmiAL Macnyerism, it will be 
sufficient here to refer to the ‘ Rapport sur les i 
‘Acolémie Royale de Médecine 


M. " 
Wy Netids oamanine Bertrand has given this name to 
that species wach #6 teconged bye high exaltation of the mind, and 
yy sympathy in such persons as are 


Protestant Refugee, , 1693, 12mo. The next. instances are ex- 
tracted from a scarce work entitled ‘ ThéAtre Sacré des Cévennes, 
relate to the French Protestants who, after the revocation of thi 
Edict of Nantes, 1685, went by the name of the ‘ Trembleurs des 
Cévennes,’ and were persecuted and massacred in those mountains. 
The third epidemic broke out at the tomb of the Abbé Paris in the 
church of at. Médard, at Paris, about the year 1731. These are 
perhaps the most celebrated of all, as having been selected by Hume 
to oppose to the miracles of the New Testament. The original 
authentic account of them was povlnes by M. Carré de Montgeron, 
in a work entitled ‘La Vérité Miracles o alin ion de 


ce, Renouvellement, et Riéheaen du 


? 
&c., Schillingsfiirst, 1775. As, however, neither these nor many other 
examples that might be brought forward can be fully noticed it 
has been thought sufficient to point out the places where further 
information may be procured. 

SONG, a term applied to either a short poetical or musical com- 
position, but most uently to the two in union, 

As pe a musical composition, song is used, in this country, to 
signify a vocal melody of any length or character, and not confined to 
# tingle Eapreepent i ne while rar tequen, tough cron the 
aria of the Italian opera, are uently, though erroneously, 
called by this name, the same is Neat Sal pe th oe earls tolled 
But this is only one instance among many of the defective state of our 
musical nomenclature. Of the varieties of song, see Arn, BALLAD, Can- 
zoneT. The term however is not absolutely unlimited in its meaning, 
for, as performance, it is most frequently confined to an air for a 


single voice, Thus’ our composers, 8 ly in the 16th and 17th 


s 
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centuries, often entitle their productions for more than one voice, 


The poetry of modern songs has, in too many instances, degene- 


respecting 
that they may now compete with those of most other nations. But it 
be admitted that Germany of late years has taken the lead in 
this, as in hi its of music. 

SONG O 


caused to be more sparingly used 


consists of two quatrains, having properly but two rhymes, and two 
tercets. Ng prog volgen Bove ntl of various arrangements ; 
the one usually adopted in English is the rhyming of the fifth and 
sixth lines together, frequently after a full , 80 that the sonnet 
ends with a asin an The Italians consider the best 
form to be the rhyming of the three uneven and the three 
even lines; but our poverty of rhymes causes us to prefer the rhyming 
of the first and fourth, second and fifth, third sixth lines : this, 
with a break in the sense at the third line, constitutes also a legitimate 
sonnet, of which the Italians Bre eee Sree, Presser. We 
need scarcely observe that all our have themselves at 
liberty to vary the form of the The lightness and richness of 
the Italian and Spanish languages enable their poets to express every 


or fancy in the sonnet ; but with us it has been found most 


i vibrate rapidit; 
[Acovsties.] During such vibrations the molecular arrangement of 
the sounding body becomes , but returns to its normal state 
when the vibrations cease. [Nopat Pornts anp Lrves.] It is stated 
(Bird’s ‘ Natural Philosophy,’) that if a copper ribbon 9 feet long, 
“4 inch wide, and 04 inch thick, be vibrated, its length will appear to 
be unaffected. If it be stretched by a weight of 90 Ibs., its length will 
i haned be 6 GF? ction Wels oon it will become per- 
manently lengthened by 6 or 7 inches. en sonorous vibrations are 
isochronous a perfect sound or tone is produced; when irregular, a 
noise. For the phenomena produced by the reflection of sonorous 
, see Econo, and for their interference Acoustics and Ixrer- 
verence. For the production of sonorous vibrations during the 
cooling of heated metals, see Tuznmornone. For the different kinds 
of vibrations, see VIBRATIONS. 


is ong any + hereto up and deposited 
in the air. 


and acts very powerfully as such. Sir H. Davy observes that for this 
purpose it is well fitted 


ground with the seed, and requires no 
The soot of wood has feck sane aadvied by Beletadss, who 
found it to consist of the following substances :— 


Ulmin (about). . . . e ‘ - 30°20 
Azotised matter . . . - . . + « 20°00 
Carbonate of lime and traces of carbonate of magnesia 14°66 
Water: . . . . . . . . + 12°50 
Acetate of lime . . . * « * « « 5°65 
Sulphate of lime . ° . . . . « 5°00 
Acetate of potash . : . . . . « « 410 
Curd metter i ble in alkalies . =. « 385 
Perruginous phosphate of lime . F ‘ « 150 
« . . . ‘ . . 0°95 
Acetate of magnesia. . . . é s « 053 
Asbolin (a peculiar acrid and bitter principle) about . 0°50 
Chloride of potassium ° ‘ . . . + 036 
Acetate of ammonia (about) . . . 2 « « 0°20 
Acetate of iron (a trace) <A 
100- 


Braconnot considers the ulmin as absolutely similar to that obtained 
artificially by the action of potash on wood-sawdust, but Berzelius is 
of a different opinion, and calls it gein. The azotised matter is ¥ 
soluble in water, and insoluble in alcohol. As coal-soot contains mue 
more carbonaceous matter than wood-soot, and also a much larger. 
portion of ammoniacal salts, it must be more active as a manure, and 
altogether a more useful substance. 

SOPHISM (2éqicua), that superficial and incomplete aspect of the 
truth, which at first sight looks like the truth, but on closer inspection 
turns out to contain some radical error. This seems the most correct 
definition, but the word is used loosely. Its general signification, 
namely, a specious proposition, is perhaps nearest the mark. Truly 
considered, most errors are sophisms, for errors are not direct contra- 
dictions to the truth, but simply the leaving out of view one or more 
elements of the truth, and seizing on only one or two elements, and 
declaring them to constitute the whole truth. Victor Cousin defines. 
error to be “ One element of thought considered exclusively, and taken 
for the complete thought itself. Error is nothing but an incomplete 
truth converted into an absolute truth.” (‘ Introduction & l'Hist. de 
Philosophie,’ Legon 7.) Spinoza had before defined “ falsity to be that 
privation of truth which arises from inadequate ideas.” (‘ Ethica, 
b, ii. prop. xxxv.) It is sometimes a mere confusion of terms; as in 
the common example of—Bread being better than paradise; because 
bread is better than nothing, and nothing is better than paradise—the | 
confusion arises from both the “ nothings” being used substantively ;, 
whereas it is only the first that is so used; the second is affirmative, 
and expresses “there is nothing better.” A sophism is therefore the 
use of some word in a different sense in the premises from that in the 
conclusion, and this is the definition of Aristotle (‘ Top.’ viii. 11): 
“When the discourse is a demonstration of anything, if it contain 
aveng which has no relation to the conclusion, there will be no 
syllogism; and if there appear to be one, it will be a sophism, and 
not a demonstration.” 

This confusion of words and ideas is the origin of all errors and 
mi ee ; but though errors and sophisms are logically constituted 

ike, yet the instinctive sense of mankind marks the difference between 
incomplete views (error) and wilful perversion (sophism). In all cases 
a sophism is sup) to be recognised as such by the sophist. It is 
an endeavour on his part to “ make the worse appear the better reason.” 
It is the consciousness then of the sophist which distinguishes and 
renders odious his error as a sophism. 

SOPHISTS. The race of sophists took its rise in Athens about the 
5th century B.c., when Athens was a real democracy. From the neces- 
sity every man was under of pleading his own cause before the dicastery, 
in any case before the court, whether as plaintiff or defendant; from: 
the political power which every me teak anes but could scarcely 
exercise with effect unless able to s fluently; the teaching of 
rhetoric, or the arts of speaking and arguing logically, came to be in 
much request. The age was also a sceptical, and therefore an investi- 
gating one. But though flourishing in Athens, sophists and their 
teachings were not confined to that city, but extended throughout all 
the Grecian republics, and occasionally to the courts of tyrants. They 
went about Greece discoursing and *#ebating, and sometimes educating 
the youth of rich and noble families, They were not, strictly speaking, 
a sect; indeed the name signifying only a wise or clever man, had 
been so applied from the earliest times of Greece ; and Socrates, Plato, 
and other eminent men were all called sophists. > 


The disrepute attached to the name arose apparently from the facts 
of the teachers accepting payment for their lessons, and thence pro- 
ceeding to inculcate not the desire for truth, but the means of securing 


victory by the use of specious fallacies. It was against both these 
modes that Socrates and Plato contended ; and to which Plato and 
Aristotle affixed the name as a term of reproach for a “ man who em- 
ploys what he knows to be fallacy, for the purpose of deceit and of 
getting money.” (Grote, ‘ Hist. of Greece,’ vol. v.) But the sophists 
were able to bear up against the judgment of philosophers, by having 
become the trainers of men for the active pursuits of life, and their 
influence over the multitude greatly exceeded that of the sages. Nor 
did they all, though they taught for money, teach fallacies merely ; 
and the tations of them in the Dialogues of Plato must not 
be pie pres truth with reference to them as a class. Socrates, 
Protagoras, and Prodicus, were stigmatised as sophists, but what we know 
of their doctrines and practice does not deserve any heavy condemna- 
tion. No doubt, in numerous instances the sophists, like the school- 
men of the middle ages, indulged in subtleties and evasions which 
were dishonest, trivial, and often ridiculous; but, as Ritter says (‘ Ge- 
schichte der aarp san hin i), ts 2 ae 5 be ier ae the 
sophists contributed greatly to the pe ion of prose; which was in 
itself a + benefit to philoacohg: The sophists applied themselves 
to ifold arts of persuasion, and in their attacks upon each other, 
labouring to expose and lay bare the delusions of appearance, they 
acquired great nicety in the distinction of terms. Prodicus was cele- 
brated for his skill in the distinctions of synonymous terms (as we 
learn from Plato, who ridicules him for it, (Protag. p. 837; Crat. 
p- 384); but Prodicus is honourably mentioned by him (Euthyd. 
p- 277-305). The sophisms turning upon the words ‘to learn,’ *‘ to 
understand,’ ‘ to know,’ also contributed to the more accurate know- 
ledge of these terms. The very circumstance that their rules were 
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intended to be subservient to the euds of fallacy and deception, must 
have affurded a stronger motive to the philosophical spirit to bring 
under investigation the true forms of thought and expression which 
had been neglected by earlier philosophers; and accordingly we find 
that they occupied much of the attention of Socrates.” 

SOPRA‘NO (Italian), the highest of the various voices; the treble. 
[ Votce. 

SORBIN. [Svcar.] 

SORBINIC ACID. [Suear.] 

SORITES. A name given to any chain of premises, more than two 
in number, from which a conclusion follows, As, Every 4 is B, Every 
B is C, Every c is p, Every p is &, therefore, Every a is 5, 

SOTHIAC PERIOD. The ancient Egyptian year consisted only of 
$65 days, without any intercalation ; and was divided into 12 months of 
30 days each, with 5 days added at the end. (Herodotus, ii. 4.) The 
Scholiast on Aratus informs us that the priests were sworn never to 
alter this This oath, we may conjecture, only came into use 
after the discovery of the fact that a fraction of a day more would 
have been desirable to make the civil year conform to the sun. As 
longas 365 days was imagined to be the real year, it is not likely that 
they would have sworn each other to its observance; but if, after the 
discovery, a party were formed in favour of an alteration. the attempt 
to preserve the ancient institution by an oath would be almost a matter 
of course. Again, Diodorus Siculus (i. 50) says, that the Egyptians 
add five days and a quarter to the 360 days of their 12 months, which 
statement is generally supposed to refer to a more correct year which 
had been introduced among the people, while their religious festivals 
continued to be lated by the old year. The propriety of this 
mode of reconciling the two authorities is made probable by the known 
existence of the Sothiac period (also called the Canicular year, Annus 
Magnus, &c., derived from Sothis, a name for the star Sirius) mentioned 
by Geminus, and also by Censorinus and Clement of Alexandria, from 
cer writers. It is obvious that 1461 years of 365 days each make 
1460 years of 365} days. This period of 1460 Julian years was the 
Sothiac period. It is impossible to fix any time at which this period 
was introduced, or to say whether, during its existence as a recognised 
eycle, it had time to run its whole career, Had it been a real cycle of 
experiment, it must be imagined that it would have been found to be 
wrong, to the extent of requiring an addition to the oath; for 1508 
real years is nearer to the time in which a year of 365 days would have 
its beginning in all the seasons successively, and recommence the same 
process, It is obvious that such a cycle of recurrence was the intention 
of the Egyptians in constructing the period: their vague year (annus 
vagus) of 365 days, combined with their nearly fixed festivals, depend- 
ing upon the heliacal rising of Strivs, made the latter take all conse- 
ecutive positions among the months of the former, gradually falling 
later and later. Again, if the Egyptians had really gone through a 
whole recorded period, it is difficult to see how they would avoid dis- 
covering that another cycle would be necessary. In the time of their 
ancient kings the heliacal rising of Sirius would have advanced, by the 
precession of the equinoxes, about 12 days in one Sothiac period. The 
beginning of the vague year (365 days) was continually falling back ; 
so that if at the beginning of it saly they had noted the day of 
their vague year on which the equifiox fell, and also the day on which 
Sirius rose heliacally, they would have found that the latter came again 
to the same day of the vague year si 4 yéars, or thereabouts, before 
the equinox was similarly restored. This, so far as the star was con- 
cerned, would fit their erroneous period very well (1460 instead of 
1508); but it is difficult to suppose that astronomers who had dis- 
covered the odd quarter of a day which the year requires, should not 
know within 12 days the time of the equinox. 

The epoch of commencement of a Sothiac period is not well deter- 
mined and only from comparatively modern writers. Censorinus asserts 
that the consulship of Ulpius and Pontianus (usually placed in a.p. 
238) was in the hundredth year of such a period ; accordingly B.c. 
1322 was the beginning of the preceding period. Clement of Alex- 
andria says that the period began 345 years after the migration of the 
Israelites from Egypt, a date which differs considerably from that of 
Censorinus, according to modern chronologers. The point is however 
of no importance, as no dates were ever recorded in written history by 
means of Sothiac periods. 

SOTIES, or SUTTISES. [Drama; French Drama.] 

SOULS, CURE OF. [Benerice.] 

SOUND. For the various divisions of this great subject we must 
refer to Acoustics; Ecno; Visrations; Pirz; Scair; &c.; also 
to the various articles on Music and its theory. 

SOUND BOARDS. The boards which are used in floors for the 
purpose of intercepting the passage of sound between the various 
pers of a building, are known re builders by the name of 
sound boards, 'They are introduced in double floors (that is to say, in 

floors formed by separate systems of joists for the ceiling and for the 
floor-boards), immediately upon the ceiling-joists; and in single floors 
they are executed in short lengths, laid upon fillets, nailed on the 
sides of the deep joists. Upon these boards light plaster, or lime 
rubbish, or other material able to arrest the passage of the sound 
waves is laid, and the ordinary floor-boards are then nailed over the 
whole, Sometimes a mixture of lime and hair is laid upon sound 
boards as the “ pugging material,” to use the workman’s phrase; and 
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in others, plaster of Paris is used; but it must be observed, in either 
of these cases, that if the ceiling and the floor-boards should be closed 
before the moisture of the lime and hair, or of the plaster, has been 
allowed to evaporate, there is great of its producing dry-rot in 
the timbers. Indeed, whenever s0 boarding is used, great pre- 
cautions must be taken to ensure that no sappy wood be employed ; 
and that the work should be allowed sufficient time to dry. In framed 
floors it is more easy to secure these conditions than it is in single 
ones, or at any rate it is more easy to establish a ventilation above and 


below sound boarding laid upon the top of the lower oy of joists, as 
in i former case, than it is in the case of the boards laid between the 
single joists. 


SOUNDINGS, DEEP SEA. Under the word Leap-.ive a general 
description has been given of the process of sounding in Y 
and moderate depths upon the coast. Deep-sea sounding requires 
totally different apparatus. Prior to about 1850, the question of 
sea sounding was purely geographical and physical. To know 
extreme depths of the ocean was but the natural march of that pro- 
gress which had measured ares of the meridian, and obtained the 
altitudes of the highest mountains on the face of the globe; and to 
descend to the mysteries of the earth's submerged surface, was but the 
obvious consequence of that insatiable desire for investigation which 
seems to characterise the minds of men of this particular epoch. But 
it is no longer a purely scientific question, since it has become a 
matter of urgent necessity to find, at the bottom of the ocean, a rest 
for the telegraph-wire. 

With the exception of a few spirited researches, chiefly of a private 
character, little in the way of systematic soundings had been accom- 
plished ; though we must not overlook the advantages which deep-sea 
sounding received from the investigations ordered by Congress in 1849, 
The conduct of further and more elaborate experiments was confided 
to Lieutenant Maury, U.S.N., who was empowered by the Co’ 
of the United States of America to equip a small schooner of 100 tons 
called the Faney, for various scientific purposes ; among them it was 
specially required that her commander, Lieutenant J, C. Walsh, U.S.N., 
should attempt to reach the bottom of the sea once in every 200 miles 
in crossing the Atlantic. Up to this time no particular apparatus for 
taking deep soundings had been in use: the ordinary round shot shi 
with strips of canvas was the usual means employed. It was found 
extremely difficult to determine in some cases the period at which the 
shot reached the bottom; the weight of some thousands of fathoms of 
line, and the influences of current and drifting of the vessel, rendered the 
exact depth attained only appreciable by long experience. The Faney 
was, moreover, found too small a vessel for the purpose; the result, 
however, of the cruise reflects 
established the fact, that in some places the depth of ocean was more 
than 5700 fathoms, or was above six English miles! thus i 
the height of the most lofty known mountain. This was the greatest 
depth that had been measured, without finding the bottom, and was 
attained on the 15th November, 1849, latitude 31° 59’ N., and longi- 
tude 58° 43’ W. ‘The time used in the descent of the line to thi 
enormous depth was only 14 hour, but the line at last broke at the 
reel, losing the whole 5700 fathoms, We are assured by Lieutenant 
Maury, that the descent of the sounding line was accomplished without 
any jerks or checks, beyond those of the friction bands to give 
uniformity to the descent, so that the weight could not have touched 
the bottom, and was a fair straight up and down experiment. In 
this memorable sounding, the lead had a Stellwagen cone fitted to it, 
and a small apparatus weighing 6lbs., for ascertaining the depth 
reached. The line was of steel wire of the best English manufacture. 
Me May, 1850, the United States again determined on exploring the 

eep sea. 
Albany, Captain Platt, was next equipped for this service; the prin- 
cipal locality of her observations was to be the Caribbean Sea, Instead 
of steel wire, this ship was fitted with about 40,000 fathoms of twine, 
weighing about 150 fathoms to the pound. This was usually attached 
to a 32 lb. shot, which was SRowad 
from the reel without control. After various failures, and the loss of 
much line and several shot, a useful list of soundings was obtained ;— 
and which are described in Lieutenant Maury’s work. The rac 
result of these iments was the proving that in no part of 
Gulf of Mexico is the depth greater than 1000 fathoms, It became 
evident, however, that with a fixed weight, it is extremely difficult to 
determine the exact depth when the bight of the line is swept off b: 
an under-current, which, even when the shot rests upon the ground, 
continues to take the line from the reel with diminished 
velocity. This would have a general tendency to give exaggerated 


depths. 

Tn May, 1851, another United States ship, the John Adams, renewed 
the soundings of the Atlantic, and csneeoniaall the greatest deep-sea 
sounding which had as yet been obtained. The bottom was found in 
latitude 32° 6’ N., and longitude 44° 47’ W., at 5500 fathoms (Lieutenant 
Walsh, in the Faney, had reached 5700 fathoms, but found no bottom), 
In this great sounding two 32 1b, shot were used, which, together 
the 5500 fathoms of line, were lost on attempting to recover them :— 
correcting for drift, the actual depth is estimated by Ca) Barron, 
her commander, at 4825 fathoms, or about 54 English 

It is unnecessary to follow up these observations in detail. The 


great credit on the commander, since he _ 


Considerable attention was paid to every requisite, and the _- 


in its descent to take the turn. 
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experience gained in them led to various contrivances whereby the 
saving of the line at the of the shot might be effected. In 
the U.S.N., an improvement was made in having shot so cast 
as to an iron rod. Upon the latter touching the bottom, the 
Gia falanied tenth ail tha tine and rod were ware eeally recovered. 

A great advantage over the rod and shot was gained by the inven- 
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tion of a kind of double claw, acting somewhat upon the principle of 
that used for ing the of a pile-driving machine. Te wes 
invented by a of H. Spitfire in 1851, named Carmelo 


Bonnici, a Maltese. Captain Spratt, R.N., who commanded the 
ene, introduced it to public notice in the ‘Nautical Magazine’ 
or ? 

As the increasing demand for submarine telegraphs will much extend 
the work of deep-sea sounding, we give a few diagrams of the means 
employed in that interesting operation, as well as some sections of the 
sea bed, carefully drawn to a scale, and, in order to facilitate com- 
parisons, each of them has the horizontal scale in proportion to the 
vertical as 30 to 1. : 

Bonnici’s claw, as it is called, consists of two metal hooks of peculiar 
shape working on a pin, so that on any weight being attached it 
clasps and sustains a wire or line; its great advantage being that any 
kind of sinker may be used with it, namely, either a shot or a pig of 
iron, or, on the want of these, a piece of heavy stone. In the above 
figures, No. 1 shows the outline of the apparatus when in course of 
descent, a a being the claws hooked into a rope-grummet, c, suspend- 
ing a weight, ; the arms, dd, of the claws lie close to the link e, to 
which is fastened the sounding-line f, and the whole outline is such as 
to favour the descent of the apparatus; but the moment the lower 
portion touches the bottom, the arms d d being relieved of the weight 
of the sinker, drop, as in fig. 2,and the claws detach themselves from 
the grummet, the weight is left at the bottom. 

It will be noticed that a piece projects beyond the u of the 
sinker which, among various contrivances, is loosely tied with string, g, 
to the body of the sinker: this has a hollow armed with tallow in the 
end, to bring up indications of the nature of the bottom bed, as in the 
ordinary hand-lead. On the sinker being detached from the apparatus, 
a small string, h, attached to the link of the instrument draws this 
clear of the mass of the sinker, and it is hauled up with the line. 

This was a great step towards a better system, but it required con- 
siderable care in sefting the instrument, so as to insure the ready 
detachment of the weight on reaching the sea-bottom, Captain Spratt, 
however, made excellent use of it. He was engaged in sounding upon 
an extensive scale in the Mediterranean. In the accompanying section 
it will be seen acetone ~ ee depth was 2170 fathoms, or nearly 24 
miles: this was ob in about lat. 35° 30’ N., and long. 18° 45’ E. 
It shows that eastward of Malta there exists a small plateau, having 
on it from 70 to 80 fathoms water, but that 50 or 60 miles from Malta, 
in the same direction, there is an enormous submarine escarpment of 
some 2000 fathoms, or 2} English miles. 


Section 1. 


Candia or Crete. 


bed of the Mediterranean 
Archipelago, the deepest water | grad 


Section 2. 


In 1857, Captain T, Mansell, in H.M.S, Tartarus, was occupied in 
sounding between Alexandria, Rhodes, and Smyrna. He also used 
Bonnici’s claw, but had in addition Lieutenant Brooke's (U.S.N. 


appa- 
ratus in which had been substituted a conical mass of iron, i on 
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sliding upon the bar, is held in its position during the operation of 
sounding by a looped line passing under the base of the cone, and 
loosely hung on the spurs, ee, of the arms; immediately on the sound- 
ing-line being relieved of the weight of the apparatus by the latter 
touching the pea the arms drop into the position shown by dotted 
lines, and the loops slip off the spurs, thus detaching the cone altogether, 
which slips off the bar. But here is supposed to be a defect in the 
apparatus, inasmuch as the force necessary to draw the rod from the 
aperture of the cone, when in a much inclined position upon rocky 
bottom, is found enough to break the line at great depths. 

Another excellent form of simple apparatus was invented by 
Mr. Skead, R.N., Master of H.M.S. artarus, and found by 
Captain Spratt to answer admirably in comparatively shallow water. 
Fig. 4, is a sketch of it. The sounding-line is attached to a small metal 
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ring, which slides ina groove in a bar of quarter-inch iron, and 12 inches Tn 1857, Lieutenant (now Commander) Dayman, R.N., was ordered 
in length, having a small hook at one end, and a weight at the other, | to check the deep soundings which had been taken by the Arctic 


hollowed and jagged so as to bring up any portion of the bottom. This 
can be used with either shot or pig-iron, and on reaching the ground 
the weight a descends and unhooks the sinker, which being left at the 
bottom the simple apparatus is easily recovered without much strain 
on the sounding-line. The position of the hook at the moment of Edie of is: FS € 
detachment from the weight is shown at /. Saas 
The result of Captain Mansell’s labours can be best explained by the |between Europe and North America, preparatory to the laying of the 
following section (3). Atlantic electric cable, [TeLEGRaPH, pe apes A The following (4) is 
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a section published by him, and shows in a remarkably satisfactory | remark that the United States’ Government, who took the lead in 
manner that the examination of the bed of the ocean at any part of sounding the Atlantic, are doing the same in the Pacific. The United 
the globe is probably within the power of man even with existing | States’ schooner Fennimore Cooper was commissioned by Lieutenant 
apparatus. In no part of the Atlantic under his obseryation did he | Brooke (the experienced officer who invented the sounding apparatus 
find the depth beyond 2424 fathoms, or about 2 miles, _ bearing his name) for the purpose. 

At is unnecessary to mention more than the leading facts connected | The only other deep sea so which we shall mention are those by 
with deep sea soundings. It becomes, however, an act of justice to Captain Sir F. L. McClintock, of H.M.S, Bulldog, in the Northern Ocean 
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1860. It has been shown oy Peek of the Taree eetiom 
experimenters had depended on instrument’ use. greai 
Be bres aes ne ach Ob he ae ere ere 

of ing as ip to 1860 v: contrivances n 
fog i pee elk vecions resale in McClintock had 

modified form of Brooke’s machine, but it did 
i Much ion was given to improve- 


attention 

ineer, and Mr. Steil, his assistant ; 

poe Se succeeded 

i in contriving a double-scoop mac wi ith to bring up 
aco quantity of the sea bed. It will be henceforward known 
as the “ Bulldog machine,” and is of the form shown in col. 684. 
In this, Lieutenant ’s plan of a hollow sinker is combined 
with Bonnici’s claws, but the section of its scoop requires some little 
explanation, The two parts aa’ and 6)’ move like shears on the pin, ¢, 


in jig. A. Another view of them is in jig. B, in which ¢ ¢ are two studs, 
which fit the two holes loosely in the cone, as in cat. When the 
cone is descending it rests on these two studs and collars, being steadied 
by the line in a and B marked n. A strong indiarubber ‘band, a, is 
at , 80 that on the apparatus reaching the ground, the sounding- 
line, 0, being relieved from the weight, allows the claws to fall open, 
as in B, and the of the line n, being released, the cone tilts off the 
studs, ee, and , remaining on the ground; the part of the line n, 
unreeving through it, as m in B, and the claws and scoop being secured - 
to the part m, are hauled to the surface; the removal of the cone 
from ee allowing the india-rubber bands to compress and close the 
py while in the ground, inclosing about 4 lbs. of the bottom of 
sea. 
Captain McClintock’s results will be best und by the followi 
sections of his principal soundings. bi hy 7 
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Museum of Ornamental 
1838, Originally intended merely as an adjunct to 
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of Design, its was comparatively slow. By the Great Exhibi- 
tion of bbe ar owever, not only was ers Saag mee to 
necessity of forming a more compre! ive museum for the especia' 
use of manufacturers and art workmen, and which should at the same 
time serve to interest and instruct the public generally ; butit was also 
seen that the exhibition afforded a ly favourable opportunity 
for securing the nucleus of such a museum. A selection of objects was _ 
accordingly made from the Indian, Continental, and British sections, 
and along with the articles previously purchased for the Museum of 
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appropriated to the purpose in Mar! House, The Museum of 
Ornamental Art thus formed, was in the following years considerably 
increased by the purchase of the collection of porcelain and pottery of 
Mr. Bandinell, and by extensive purchases made at the Bernal sale. 
In 1857 the museum, which had been placed under the Department of 
Science and Art [Scrence anp Ant, DerartMEnt oF], was removed to 
the iron building erected by the Commissioners of the Exhibition of 
1851, on the ground purchased by them at South Kensington. The 
Museurn of Ornamental Art has since been very largely increased, and 
other collections have been added to it, and the whole has been incor- 

rated into what is officially designated the South Kensington 
cates of Science and Art; buildings of a ent character 
having been at different times added to the original iron structure to 
meet the growing requirements of the case. 

As at present constituted, the South Kensington Museum consists 
of three distinct divisions; those, namely, of Ornamental Art; of 
Fine Art; and of Sci In the Comp to the Almanac for 1861 
is given a full analysis of the Museum, to which we refer for further 
details, contenting ourselves with giving here a brief statement of its 

character. 

The Museum of Ornamental Art, as it formed the foundation, may 
still be ed as the distinctive feature, of the South Kensington 
Museum. Although intended primarily to aid the Schools of Design, 
and to improve the manufactures of the country, it has of late years, 
in a great measure, to use the words of its director, “settled itself into 
Medieval Art,” or rather the art of the medieval and renaissance 
periods, Within these limits it is, however, very comprehensive in its 
range, and articles have been sought out for purchase with great 
industry and judgment. The Museum of Ornamental Art is arranged 
in eighteen classes :—(1) Sculpture, in which are many exquisite 
specimens of Italian architectural sculpture of the renaissance period, 
carvings in wood, ivory, bone, &c., including some admirable works by 
Fiammingo, with some important examples of artists of an earlier 

jod ; bronzes and terra-cottas and models, among which are some 
by Michel Angelo, (2) Glyptic and Numismatic Art, including gems, 
medals, and seals. (3) Mosaics, Marquetry, &c. (4) Painting, almost 
exclusively of a decorative character. (5) Japanned or Lacquered 
Work. (6) Glass Painting—comprising Italian, German, and Flemish 
examples from the 13th century to the decline of the art, with a few 
of recent execution. (7) Enamels on Metal, an extremely choice and 
valuable collection, jally rich in early German champlevé works, 
and the much-prized Limoges enamels, and including also some inte- 
resting specimens of modern Indian and Chinese work. (8) Pottery, 
as a whole, one of the finest collections in Europe, including a few 
examples of Egyptian, Greek, Etruscan, and other antique ware; 
Hispano-Moresco ware ; early Italian enamelled and incised ware ; an 
almost matchless collection of Gubbio and other lustred wares, and 
Majolica of the various Italian manufactories ; modern reproductions ; 
Persian painted ware; Morocco enamelled earthenware; Palissy, 
Nevers, and other French glazed and enamelled earthenware; Delft, 
old German, Dutch, and Flemish stoneware; old Saxon red stone- 
ware; Hindoo and other Oriental earthenware; Oriental porcelain 
(China and Japan); Dresden and other German porcelain; old Sévres; 
modern Sévres; French porcelain of various manufactories ; Italian, 
Dutch, Spanish, and Portuguese, Swiss, Danish, and Russian 18th 
century porcelain ; old English earthenware, stoneware, and porcelain, 
&ec., of all igedl poses varieties (including a fine collection of old 
Wedgwood), and English and Foreign modern porcelain, earthenware, 
biscuit, Parian, &c. (9) Glass Manufactures, including a very choice 
selection of old Venetian, German, and French glass, and a few 
examples of modern glass, chiefly French and English. (10) Works in 
Metal, comprising wrought-iron coffers, &c. ; locksmith’s work ; instru- 
ments; knives, forks, spoons, &c.; firedogs and stoves; candlesticks, 
chandeliers, &c.; antique Greek and Roman ornamental bronzes; 
Oriental bronze vessels; metal household utensils ; mediseval ecclesi- 
astical utensils ; modern bronze vessels ; goldsmiths’ work both ancient 
and modern; damascene work; nielli. (11) Watch and Clock Work. 
(12) Jewellery and ornaments in the precious metals, ancient, 
mediaeval, modern, and Oriental. (13) Arms, Armour, and Accoutre- 
ments. (14) Furniture, Upholstery, &c., including a singularly interest- 
ing variety of old Italian cassone or marriage chests, carved cabinets, 
mirrors, (15) Leather Work. (16) Basket Work. (17) Textile 
Fabrics,—as might be anticipated in a British Museum of Ornamental 
Art, the most extensive collection of the kind extant. (18) Bookbind- 
ing and Book Decoration generally. 

The Fine Arts Division comprises the Sheepshanks’ collection of 234 
modern oil paintings ; a small collection of drawings and sketches also 

ited to the nation by Mr. Shee 3 and a collection of 50 
water-colour paintings, the gift of Mrs. Ellison of Sudbrooke, to which 
other drawings have been added by purchase: these collections are 
more particularly noticed under Natrona, GALLERY. 

The Science Division consists of—1. An Educational Collection, in 
which are brought together, models of schools, school-fittings, school- 
books (and a -room, in which to examine them) maps and 
diagrams, phical instruments, &c., in fact, as far as practicable, 
whatever may serve to guide or assist those engaged in teaching. 
2. Collection of Animal ucts, 3. Food Collections— in which are 


the Schools ‘of Design, exhibited to the ae in a suite of rooms 


shown the chemical compositions of the various substances used as 
food. 4. Structural Museum, in which are collected the materials 


baa at in building, &e, “ 
ese form the Museum ; but to them are to be added other 
collections which are in the same building, though they do not 


be! to the Department of Science and Art. They consist of the 

Bri pictures belonging to the National Gallery, are 

here temporarily [NaTionaL GatLEry]: collections of architectural 

casts belonging to the Architectural Museum Association and the 

Royal Academy ; a small collection of modern sculpture, chiefly casts, 
the Patent Museum belonging to the Commissioners of Batente. 

Certain rooms are also set apart for the ion for a limited time of 


choice collections of articles of ornamental art to private 
individuals; and there are now usually five pliers pS Loan * 


Collections” on view here at one time, containing commonly many 
specimens of great interest and value. 

The nel bee ~ yrerpllneas oad Museum up to July 1860, 
was 167,000/., including ing except management, the annual 
expenditure on which is about 7000/. Of the above sum the land cost 
60,0002, the buildings 54,536/., the collections 53,269/. The value of 
the private gifts to the Museum, including the Sheepshanks and 
Ellison collections of paintings, is estimated by the director at upwards 
of 88,0007. The permanent buildings which have been erected are 
intended to form part of a spacious structure which is to cover an 
area of above ten acres, and to supply all the requirements of the 
De ent at South Keutagii. Scrence anp Art, DEPARTMENT 
e6 hy its main features the building is intended to consist of a 
eentre and two great projecting wings, the fronts of which are to be 
connected by an open corridor. In the centre will be the Lecture 
Theatre, Art Training Schools, &c, The eastern wing will be 
ame to the Art-collections; the western to the Educa‘ col- 
ections, Art-Library, offices, residences, &c. The extreme length 
(facing Cromwell Road) will exceed 700 feet; the extreme Wepth (or 
western facade) 650 feet, but the site is very irregular. The design is 
by Captain Fowke, the official architect 
the total cost is estimated at 214,000/., but at present only the eastern 
wing is in course of erection. 

All the collections are open free to the public on Mondays, T1 
and Saturdays in each week; on the other days (being “students 
pe the public are admitted on Lr hag! of bd. 
collections are also opened to the public 
of the week—an innovation whi ok ; 

formed primarily 
for the students, an: n is admitted on payment of a trifling 

SOVEREIGN. [Moxzy.] P 

SOVEREIGNTY. Supranus is a low Latin word, formed from 
supra, like subtranus, another low Latin word, formed from subtra. 
(Ducange in vv.) These words, however, — they do not belong 
to classical Latinity, are formed according to same analogy as the 
classical word supernus from super. From supranus have been derived 
the Italian or sovrano, and the French souverain, from the 
latter of which has been borrowed the English word sovereign. In the 
old English writers the word is co: spelt soverain or soverein 

i seems to be founded on 


person or persons, to any person or government. 
Whenever these two marks meet in any person or body of persons, 


such person or body possesses the sovereign power ; on the other hand, 
if either of the two marks be wanting, the pain is not sove- 
being 


. For example, the local government of Jamaica or 
in the habit of obeying the English parliament, is not a sovereign or 
supreme government; whereas the governments of the smaller Ger- 
man states, although they may occasionally defer to the wishes of 
Austria or Prussia, are not in a habit of obedience to these or any 
other states, and therefore are sovereign governments. i cae bs 
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engineer to the Museum; 
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by a government, They include the legislative power, the executive 
power, the power of making privilegia [Law; LxcisLation], the 
power ing peace and war,-and of concluding treaties with 
foreign states, the power of making contracts with private individuals, 
and the power of instituting inquiries. 

Sovereign power abstractedly is unlimited any legal check or 
control. The securities for its beneficial exercise are derived exclu- 
sively from the balance of interests and the influence of public opinion. 

Sovereign or supreme governments are divided into Monarcuims 
and Repusiics; and Repustics are divided into ARIsTocRAcIEs and 
DeEMooRactes, 

It is commonly, but erroneously, thought that the sovereignty 
resides in every person who bears the name of king ; in other words, 
that every king isa Accordingly those kingdoms in which 
the king is not strictly a monarch are called “limited monarchies ;” 
and the king is supposed to be a sovereign whose power is checked or 
controlled by certain popular bodies; whereas, in truth, the sovereignty 
is divided between the king and the popular body, and the former 
does not possess the entire sovereignty. This subject is further 


reignty, which has been often mi 


SOWING AND SOWING-MACHINES. The sowing of the seed 
has always been looked upon as one of the most important operations 
of hi . Much of the success of the future crops depends on 
the time the mode in which the seed is committed to the earth. 
After the land has been well prepared by judicious tillage and manuring, 
many accidents and circumstances may disappoint the hope of the 
farmer, and the crop may be scanty or fail altogether. The weather 
and the seasons are not under his control, and he must submit to the 
dispensations of Providence with pious resignation; but much also 
depends on his own judgment and skill. If he selects the best seeds, 
chooses the proper season for sowing them, and has them carefully 
distributed and properly covered with earth, as their nature requires 

the most perfect germination, and thus also protects them 
the voracity of birds or insects, he will have a much greater 
prospect of success, under all circumstances, than if he were careless 
or negligent. 

The most common mode of sowing the seed is by scattering it as 
evenly as ible over the ploughed surface, as it lies in ridges from 
the The harrows follow, and crumbling down the ridges, 
cover the seed which has fallen in the hollows between them. It 


i , and allowing 
too great intervals in another. Hence the farmer who does not him- 


labourer to 
attention on 


ev 


One of the simplest of these machines consisted in a hollow cylinder, 
with one or more rows of holes in a line parallel to the axis. These 
holes can be stopped in part if required. The seed is put into the 
cylinder, the of which is equal to the width of the land, or 
stitch, which it is desired to sow at a time. By shaking this when 
held horizontally and at right angles to the path of the sower, the seed 
is scattered with considerable ity : one inconvenience of this 
instrument is that it requires to be filled frequently, and that much 
still depends on the attention of the operator. Accordingly it was 
very soon laid by. The idea, however, was followed up and improved 
upon in the sowing-barrow, an instrument still extensively used for 
sowing grass-seeds. It consists of a wooden trough placed on the 
frame of a light wheelbarrow. An iron spindle, furnished with circular 
brushes at regular intervals, runs the whole length of the trough, and 
is turned by means of sim connected with the wheel. 
posite each brush is a brass plate, with holes of different sizes, which 
ean be partly closed by means of a circular slide. According to the 
size of the seed to be sown and the quantity to be scattered, the holes 
are or shut, The seed is put into the trough, which has a cover 
or lid; and by merely wheeling the barrow in a straight line, a breadth 
is sown equal to the length of the trough, usually 12 or 15 feet. But 
this machine cannot conveniently be used in ly weather, which 
the seeds ly; and it is very little superior to sowing 
by the hand, except in the case of small seeds, which cannot so well be 
spread even; the hand. 

The drill hus' has suggested other more complicated machines, 
of which some account will be found in the article Drm. The prin- 
ciple of these is to deliver the seed by means of funnels, each corre- 

to a small furrow made by a coulter placed immediately before 
funnel; and some of these machines the work very 
regularly and satisfactorily. As the inequalities of the ground require 
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that the coulters should move up or down, to allow for these in- 
equalities, the seed cannot be accurately deposited at a given depth; 
and some further improvement in the mode of drilling is yet desirable, 
though much has been effected. The patent lever-drill in common, 
use is very imperfect in its work, and the remedy lies in the greater 
attention to the preparation of the surface. When this is effected, the 
levers may be set aside, and a much simpler drill, such as was used at 
first, may replace it. The object is to make furrows of equal depth in 
which to deposit the seed, and to cover this uniformly. The land 
must consequently be more carefully prepared by repeated harrowing 
and rolling, till the surface resembles the seed-beds in a garden, A 
simple drill, which makes equidistant furrows at a given depth, in 
which the seed drops regularly, will then do better work than a more 
complicated machine ; but if still greater accuracy and perfection are 
desired, the dibble must be had recourse to. No one will deny that 
seed deposited by means of a dibble is distributed more equally and 
covered with a more equal depth of soil than by any other means, and 
that there is a great economy of seed in this mode of sowing; but the 
slowness of the operation, and the number of hands it would require 
to dibble all the seed on a large farm, have prevented its being very 
generally adopted. [Arasie Lanp.] Many attempts have been made 
to invent machines to imitate the work done by hand in dibbling, but 
hitherto with no marked success, owing chiefly to the difficulty of 
clearing the dibbles from the adhering soil, and making a clean hole, 
and also of letting the seed fall exactly in the dibble-holes. 

SOY, is obtained from the Soja hispida, or Soja japonica [Sosa, in 
Nat. Hist. Drv.] From the seeds of this leguminous plant, the 
Japanese prepare the sauce termed Sooja, which has been corrupted 
into Soy, The beans are boiled until the water is nearly evaporated, 
and they begin to burn; when they are taken from the fire, and 
placed in large wide-mouthed jars, exposed to the sun and air; 
water and a certain proportion of molasses or very brown sugar are 
added. These jars are stirred well every day, until the liquor and 
beans are completely mixed and fermented; the material is then 
strained, salted, and boiled, and skimmed until clarified. There are 
two or three qualities of soy. Japanese soy is much esteemed in China 
on account of the superior manner in which it is made, Soy is only 
sparingly used as a sauce in this country. 

SOYMIDA. [Soyrmma, in Nar. Hisr. Drv.] 

SPACE AND TIME (Mathematics). We do not here propose to 
enter into any discussion of the doctrines of psychologists as to the 
idea of space, or as to whether it be innate or acquired. Space and time 
are essential to thought, and are, come by the notions how we may, 
necessary attendants on our own consciousness of existence. It is 
possible for imagination to picture the annihilation of all things, itself 
included, or to fancy that it can form such a picture, which is the same 
thing; but what then would remain (in the thoughts)? Infinitely 
extended empty space, lasting through infinitely extended time. Exist- 
ence of and successions of existence we may defy the speculator 
to deprive himself of for one moment. The greatest proof we have of 
our peorenee of the Creator of all things is the absolute impossibility 
which we find of ae necessity of his existence as real a con- 
be, es of our minds as that of space or time. The most religious man 

ill read with pleasure a work on natural theology tending to prove 
that there must be a God; but who would bear ten pages of a serious 
attempt to demonstrate the existence of space and time ? 

In these ideas we have the foundation of the mathematical sciences ; 
for from space follows form, which is the conception of the manner in 
which one of g) is separated from the rest, and from the investi- 
gation of forms arises geometry. Again, time is only apprehended by 
succession of events or ideas, and succession or repetition gives the 
notion of numbering. And though collection is sometimes stated to be 
the leading idea in nwmber, yet it may be asserted that number in the 
last sense is not the object of arithmetic, except as furnishing the sub- 
ject of numbering. The leading of arithmetic suggest the idea 
of time, and are derived from it. How often is 2 contained in 12? 
Six times. The 2 presented to the thoughts at six different times is 
the mode in which the collection of 12 is counted by twos. 

From both space and time we get the notion of direction, but in very 
different manners. The extremities of a portion of length give the idea of 
a point of space, a fundamental notion of an indivisible index of com- 
mencement or termination. The extremities of time give the notion of 
points of time, or indivisible portions of duration. No point of space con- 
tains any space; no point of time lasts any time, If we choose a point of 
space or a point of time, we can in bur thoughts set out from the former 
in an infinite number of different ways; from the latter, in only two. 
This is the law of thought, upon which it is useless to speculate ; but 
it is followed by important consequences. So long as algebra, the 
science of reasoning by symbols, was founded only on notions of arith- 
metic or succession, its ideas were not competent to furnish explanation 
to all the results of its mechanical processes. As soon as the same 
rules were transferred to ideas of space, or made ing from geo- 
metrical explanations, the mysteries of that science idnaly vanished, 

From space and time, also, we get the idea of infinity, a subject. 
which has been already treated [InrrinirEe]; but only in such a point 
of view as would meet the objections of those who cannot reason clearly 
on absolute infinity. That space and time are unbounded, is the simple 
consequence of their being necessary to our notion of the existence of 
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anything: we speak of our conceptions of them. For if it could be 
imagined that space ceased at a certain bet ie it would be as easy 
to make it cease in our own neighbourhood ; if duration could be 
simagined to have an end, it would not be difhoult to place,ourselves in 
thought within five minutes of that end. The denial of the possibility 
of our approaching the bo of space or time in our thoughts, is 
the same thing as the denial of the existence of such a boundary ; and 
the notion of infinity becomes a relief from the incongruity of the 
apa it to a. herrage of its essential bey ae But 
t might be why not, as to space at least, consider <— g 
pote te, not as the ob; of our thoughts, but as it would exist i 


we were not alive to ? Is it, or is it not, physically possible to 
go on for ever in t If a person could provide with an 
unlimited supply of motive-power, air, heat, food, &c., must we, or 


an to hinder his a ge Shad all 


dictates an answer as to that external Peed which, let metaphysicians 
rar a ees oe rege OS sue ed by a wave of the hand. 

e should have supposed that, mysterious as the connection may be 
between the world and our impressions of it, the possibility of 
really infinite external space wotld be admitted by one, unless he 
held the metaphysical system of Berkeley, which denies the necessity 
of any external substratum of our conceptions, and substitutes the 
direct agency of the Creator; and we should have thought it impossible 
to maintain the necessary finitude of matter, without also main’ 
the same of real external space. Nevertheless, to show how differently 
these subjects strike different persons, we quote the following from a 
dissertation of an eminent writer :—‘ Every real, existing, material 
body must enjoy that indefeasible attribute of body—namely, definite 
place. Now place is defined by direction and distance from a fixed 
point. Every body, therefore, which does exist, exists at a certain 
definite distance from us, and at no other, either more or less. The 
distance of every individual body in the universe from us is therefore 
necessarily admitted to be finite.” Now it will hardly be denied that 
the space which a body fills is as real and existent as the body itself, 
and this whether so occupied or not. Leave out the word material in 
the above, and for “ body” read “ of space,” and the ent 
remains as good as before, ending with a denial of the infinity of space. 
Every assignable body is at a finite distance from us; but this is an 
identical proposition contained in the meaning of the word assignable. 
But who is efore to deny the following? Name any distance, how- 
ever great; matter exists at still greater distances. 

If we estimate the reality of a conception by its necessity, which is 
what we do when we settle the pre-eminence o and time among 
our ideas, then it is certain that the conception of infinity is as real as 
that of space or time, being essentially united with them. Many 
mathematicians try to deny this, and substitute various modes of 
speaking to avoid the introduction of the idea. It is true that the 
notion of infinite is one which it is difficult to use without falling into 
error; a very good reason for avoi it until the understanding has 
been well practised in mathematical deduction, but none for denying 


its existence. Why say that the notion of infinity arises from our not |- 


being able to assign a limit, when we know that we feel something 
more positive ; when we are as certain as we are of any right to use 
the words can and cannot, that there cannot be a limit, to either space 
or time? Those who examine the views of different writers on the 
great variety of modes of expression on 
this point, but a uniform practical use of nothing more than the denial 
of finitude, accompanied by the mere expression of incapacity to attain 
infinity ; resolutely coupled, in many cases, with a determination not 
to allow any words capable of og omg | the absolute notion of infinity 
which actually is before the thoughts. Now it should be the object of 
elementary writing, while guarding the avenues to error which branch 
in all directions from an improper use of the word infinite, to acknow- 
ledge the existence of the idea, and to make a gradual preparation for 
its correct and legitimate use. Both infinitely small and infinitely 
great ought to become terms which may be employed without fear ; 
and the student who has been trained to the natural and healthy use 
of all his notions will in the end succeed better than the one who has 
had some of them tied up from the beginning because they are some- 
what difficult or somewhat unsafe to use at first. 

So soon as an attempt is made to, fetter one branch of thought, the 
effect is sure to be immediately felt in others. The infinite divisibility 
of space is a truth of the same sort as its infinite extension. Matter 
may not be divisible without end, and the truths of modern chemistry 
would seem to show that there are ultimate particles inseparable by 
chemical, and still less by mechanical, means. But there is a solvent 
which everyone has it in his power to apply to ; it is the intuitive 
conviction that every portion of it, however anglt eadape that ultimate 
notion which is called a point, is divisible into parts, which are them- 
selves divisible into parts; a process which may be continued without 
end. Now,a oe who trifles with the notion of infinite extension, 
and pe If that he has not the idea, will probably end by 
den: infinite diminution ; and as motion, however small it may be, 

uires the succession of positions answering to an unlimited sepa- 
ration of the time of motion into parts, the next step will be to deny 
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that motion Ma eee ee (but finite) number of annihilations and 
re-creations ; annihilation in one spot, and re-creation a little farther 
on, without anything intermediate, This is no imaginary 

it seems to us that when this 
nature has taken a satirical revenge for.the attempt to smother her 
conceptions. 

The errors which arise from the te use of the 
infinite, lie mostly in the idea that all that of 
time must necessarily be true of the infinite. e 
that all infinites must be equal, as being that of 
there are enough remaining to claim great caution. 
adopted in the article Ivruyrre is perhaps the best way of habituating 
the young mind to the attainment of results, 
that the understanding be duly apprised that such a i 
ceeding is not pursued because there is not infinity, but because 
is, and because the notion, though inevitable, is not yg used. 
road need not be carried over any unsafe foundation; but that is 
reason why the quicksand and the marsh should be left 
the map. 

Se gg wi in Music, the intervals between the five lines forming the 
. [Srarr. 

SPAHIS (or rather Sipdhis, from the Persian sipah, m a 
cavalry soldier), are a body of Turkish cavalry organised by Amerath 
(Mérad), who was also the founder of the Janizaries. number 
varied according to circumstances, but amounted sometimes to 20,000. 
They enjoyed many privileges in common with the Janizaries. Theil 
usual arms were a sabre, a lance, a jereed or dart about two feet lon 
which they hurled with great dexterity and , and a 


3 


if 


sabre, or rather broadsword, attached to the Some of them 
had also a carabine and one or two At one time they were 
the most formidable body of cay: the Turkish ; but being 
an undisciplined and unruly militia, they were, er with the 


Janizaries, dissolved by sultan Mahmud, and their place is now sup- 
plied ae Bashi Bazouks. [Janizarigs.] 

SPANIOLITMIN. [Licrens, Cotourine Marrers or.] 

SPARTEIN, [Scoranty.] 

SPASM (from the Greek oxacuds) is an unhealthy, involuntary, 
and forcible contraction of muscular tissue. The term is almost syno- 
nymous with convulsion, but is more generally oe than that word 
is to the unhealthy painful edhtenctions of the heart, intestines, and 
other a rpg Ud muscles. % Ginn % aaa 

Nosologists have distinguished spasms into 5 w 10 
muscular contractions alternate rapidly with relaxations (as in 


and tonic, in which the con fibres remain for a long time 
as in tetanus; but in nature the distinction is not well Spasm 


has also often been regarded as occurring in many tissues in which 
it is perhaps not possible, such as the small blood-vessels, In the 
neg day its occurrence is believed to be limited to the muscles, 
t their condition is when affected by spasm is not ly known. 
Very generally the contraction is unnatural, not only in its origin and 
its continuance, but in its extent; for it does not take place simulta- 
neously, or in a regular succession, in each part of the muscle, but, as 
one may often see in common cramp, it affects a single portion of the 
muscle, drawing it up intoa hard mass, while the fibres above and below 
it are much less contracted, or are even elo: 
The greater number of 5) seem to 


in which the spasm occurs. Hence probably the frequency and the 
vation of cramps, and other more important spasmodic affections, 

when the digestive organs are disordered, phen te seo of a variety 
of spasms or convulsions on the irritation of ing, &e. Much less, 
however, is known of the nature of spasm in general than of the best 
methods of treating it, and of the effects which it uces in the 
several organs which it affects. These are treated of in the articles 
Anerya Pecroris; Antispasmopics ; Astuma ; Conic; CONVULSIONS ; 
Ermersy; Hyproruonia ; Teranus, &e. ; 

SPEAKER, [Partiument. 

SPEAKING-MACHINE. Various attempts have been made to 
— gots raw ety Ad ree of a machine. > 1779, the 

perial lemy of St. Petersburg proposed, as one of their 
questions, an inquiry into the nature of the vowel Pl alt 0 
construction of an instrument for imitating them. Kian ging was 
awarded to M, Kratzenstein (‘Journal de eer ar} xxi.), and his prin- 
ciple consisted in the adaptation of a free all i 
to that represented under Harmonium, to a set of pipes of 


s 
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hollow oval box, divided inte two portions, attached by a hinge so as 
to resemble jaws, and by opening and closing them the sounds which 
issued from a tube connected with the reed produced a, Q, 0U, and an 
imperfect EZ, but not 1. He afterwards succeeded in obtaining, from 
i + jaws, the sound of the consonants P, M,L; and by means of 
these vowels and consonants he could produce such words as mamma, 
, aula, lama, mulo. He fairy pepsevtes in Seiya ty: J - 
uman of speech by having only one mou one glottis. 
Nia aatert eounieten of a funnel- or bell-shaped piece of elastic gum, 
to which was added a nose made of two tin tubes. When both tubes 
were open, and the mouthpiece closed, a perfect um was produced ; and 
when one was closed and the other open, an N was sounded. He also 
obtained a tolerable resemblance of the four sounds D, 4, K,7, or rather 
a modified P, and at length succeeded in producing entire words and 
sentences, such as Constantinopolis ; opera ; astronomy ; Vous etes mon 
ami; Je vous aime de tout mon ceur. We learn from a letter from 
Mr. Thos, Collinson to Dr. Hutton, who had seen the machine in 
London, and afterwards at Kempelen’s house in Vienna, that the 
sounds issued, not from a speaking figure, but from a rectangular box 
about three feet long, placed upon a table and covered with a cloth. 
Kempelen set it in action by introducing his hands beneath the cloth. 
Professor Willis, in the third ee ¢ hogtd he amg the 
Samgrveee Teiiesophionl Sosivey, y shows yy using a shallower 
cayity than that employed by Kempelen, he could dispense with the 
introduction of the hand, and by sliding a flat board over the mouth of 
the cavity could obtain the whole series of vowels, in the order U, 0, a, 
r,t The was, of course, connected with a wind-chest and a 


and 

of the tube it gave Ez, A,0,and uv; but what 

when the tube was lengthened so as to be 14 times the j 

stop-pipe in unison with the reed, the vowels began to be sounded in 

an inverted order,—namely, v, 0, A, E,—and then again in a direct 
order, I, &, A, 0, U, when the length of the tube was equal w 


was remarkable, 
th 


that of a stop-pipe in unison with the reed. When 
Teed was vi igh, it was impossible to sound some of the yowels, 
which Mr. Willis remarks is exactly the case with the human voice, 


SPEAKING TRUMPET. The efficiency of this instrument is due 
to the repeated reflection of the sound from side to side in passing 
through it, and its ultimate reflection from the mouth of the trumpet, 
in such a way as either to collect the rays of sound into a focus at a 
distance, or to project them forward in parallel lines, instead of allow- 
ing them to diverge in all directions, Fig, 1, illustrates this theory, 


Fig. 1. 


of which there are many modifications, some of them founded on the 


ion of a very close analogy between the motion of sound and 


Fig. 2. 


sec 


In Dr, Young’s ‘Lectures on Natural Philosophy, the following 


remarks occur: “If an ellipsis be longed without limit, it will 
become a parabola ; house « parsbele'o the form of the section 
of a tube calculated for collecting a sound which proceeds from a great 
distance into a single point, or for a sound nearly in parallel 
directions to a very distant place, It appears, therefore, that a para- 
bolic conoid is the best form for a hearing trumpet, and for a speaking 
trumpet; but for both purposes the ought to be much 

, and to consist of a portion of the conoid remote from the 
vertex ; for it is requisite in order to avoid confusion, that the sound 
should enter the ear in directions confined within certain limits ; the 
yoice proceeds also from the mouth without any very considerable 
divergence, so that the parts of the curye behind the focus would in 
both cases be wholly useless. A trumpet of such a does not 
very materially differ from a of a cone, and conical instruments 


are found to answer sufficiently well for practice; it appears, howeyer, 


unnecessary to suppose, as M, Lambert has done, that they differ essen™ 
tially in principle from parabolic trumpets, It is not yet perfectly 
decided whether or no a speaking trumpet has any pads (of effect in. 
strengthening the voice independently of the reflection of sound.” 
[Ear Trumpet.) 

Speaking Tubes are used in large buildings for conveying messages 
from one part to another, and sometimes on shipboard from the cap- 
tain’s cabin to the topmast. These tubes are cylindrical, and the rays 
of sound proceeding on the mouth at one end of the tube instead of 
diverging in the air are confined within the tube, and successively 
reflected from its sides, so that a much larger number of rays meet the 
ear at the farther end than if they had travelled without being re- 
flected, The shafts of mines, wells, and chimneys produce a similar 
effect. 


SPECIAL OCCUPANCY, [Occupancy.] 

SPECIALTY, SPECIALTY DEBT, or debt by special contract, 
is a debt which becomes due or is acknowledged to be due by an 
instrument under seal. ED. 

The nature of a debt by simple contract is explained under Snuirz 
Conrract, 

Blackstone considers a debt of record, that is, a debt which appears 
to be due by the judgment of a courtof record, as a “ contract of the 
highest nature, being established by the sentence of a court of 
judicature.” This is, however, an erroneous view of the matter. It is 
simply a rule of law that a debt for which the judgment of a court of 
record has been obtained has a priority over other debts. 

SPECIES. This word is used in mathematics, or rather has been 
used, in two different senses. In the first place, by Euclid, who means 
by figures of the same species those which have the same form, what- 
ever may be their size. Thus, in the Data, when the form of a figure 
is given, he designates it as given in species (7@ elder Sedouévov). The 
word species is here used in its primitive sense of rance. 

But the term was again used by Vieta in its logical sense, as opposed 
to individual, in designating the algebraical notation which he first 
distinctly proposed. Wwyers were in the habit of describing general 
cases by using an individual name, as Caius or Julius, to signify any 
person concerned, which they termed description by species. Vieta 
borrowed the word to signify the use of letters to stand for numbers, 
when such letters were used to designate members generally, without 
reference to any one in particular. The logistics (a common term for 
the science of calculation) thus introduced he called specious, and his 
first tract on the simple operations of algebra is headed ‘ De istica 
Speciosi.’ Hence, for some time, the language of algebra was called 
the ious notation. 

SPECIFIC ELECTRIC INDUCTION. [Exxorruorry.] 

SPECIFIC GRAVITY, or, more properly, specific weight, is a term 
used to express the weight of any gas, liquid, or solid, under some 
given volume; but the unit of weight and unit of volume are usually 
such, that for some one i substance the weight of the unit of 
volume shall be expressed by the unit of weight, or by 10 times, 100 
times, or 1000 times that unit. Thus the numbers hee gu ig the 
— gravities of different substances denote the actual weights of 

substances under the unit of volume; and hence the ratio 
between the numbers expressing the specific gravities of any two 
substances is the same as the ratio between the weights of those 
substances under any two equal volumes, the density of the atmo- 
sphere and also the states of those substances with respect to tempera- 
ture being the same. 

Distilled water is the substance usually employed for the purpose of 
comparing together the weights of all substances except the gases; and 
because the volume of any substance varies with its temperature, in 
determining from experiment the specific gravity of any substance, the 
weight under a given volume is reduced to that which it would 
become at one constant temperature. The constant temperature 
adopted in this country is, in general, that which is expressed by 60° 
of Fahrenheit’s thermometer. 

From the experiments of Sir George Shuckburgh Evelyn it was 
found that at the temperature expressed by 89° Fahr., the height of 
the column of mercury in the barometer being 29:79 inches, the 
weight of a cubie foot of distilled water was 9998066 ounces avoir- 
dupois ; and reducing this weight conformably to the table of the 
densities of water at different temperatures which had been given by 
Biot, it will be found that at a temperature expressed by 60° Fahr., 
and when the height of the ereurial cata is 30 inches, the weight * 
of the cubic foot of water is 999°54 ounces. But in the Parliamentary 

ions, which were made > 1825, a cubie inch of — is apo 
to weigh 252456 troy grains, the temperature being 62° r., and the 
height of the barometrical column, 30 inches; and 7000 troy grains 
are made equivalent to one pound avoirdupois: hence it follows that 
a cubic foot of water should weigh 997:136 ounces. Hither of these 
numbers is sufficiently near 1000 to make it very proper that this last , 
should be adopted for the specific gravity of water, since a change in 
the value of the avoirdupois ounce, which would be scarcely appre- 
ciable in the ordinary transactions of commerce, would render the 
ounce an accurate and convenient unit of weight, while the cubic foot 
constitutes the unit of volume, 

In France, since the employment of the decimal scale of weights 
and measures has become general, the cubic centimetre (061028 cubic 
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ight of a cubic centimetre of distilled water of the tempera- 
ture at which its density is a maximum (39°2 Fabr.), Thus the 
weight of a cubic centimetre of any substance being expressed by any 
number » of grammes, is the spectfic gravity of that substance. 

The numbers expressing ph sf weights of substances are also 
taken to re t their ies, Density, properly speaking, 
denotes the particles of a substance to one 
another; but this is evidently ema to the number of particles 
within a given volume of that su ce; and since the weight of a 


body is only the sum of the actions of gravity upon all its particles, it. 


follows that the densities of two substances under equal volumes will 
be proportional to their specific gravities. It follows also that if two 
substances have equal densities or specific gravities, their weights will 
vary with their volumes; and that the weights of bodies are to one 
another in a ratio compounded of their specific gravities and volumes. 

Previously to describing the methods of finding the specific gravities 
of substances, it will be proper to explain the construction of the 

ical balance, which is the instrument employed for the 
purpose, The beam of this balance rests, as usual, on the lower cir- 
cumference of a circular perforation in both sides of the fork which 
holds it, by a pin which is fixed in it perpendicularly to its length and 
depth, at a small distance above the common centre of gravity of the 
beam, scales, and weight. The fork is suspended from the middle of 
a horizontal bar, and this last is suspended from a spring at the top of 
the pillar which supports the machine. Care is taken that the two 
arms of the beam are symmetrical, and that the points from whenco 
the scales are ee ee its centre of 
gravity. Now let the substance which is to be weighed be put in one 
of the scale dishes, and the number of grains caper | to keep it 
in equilibrio be put in the other. If the weight of the substance 
should be an exact number of grains, that weight is determined, but if 
not, and it were required to ascertain the weight within one-hundredth 
= of a grain (for example), the following contrivance may be adopted. 
juspend in a vertical position from the lower part of the scale con- 
taining the substance to be weighed, a brass wire, whose volume and 
weight have been previously determined, and let part of the length of 
this wire enter into water which is contained in a vessel underneath 
the scale. The scales with this wire thus attached to one of them 
being previously put in equilibrio when the surface of the water is at a 
certain mark on the wire, let the substance to be weighed be intro- 
duced into the scale above the wire, and let weights be placed in 
the opposite scale till one grain more would be found too great : 
then gently raising the whole balance till, by the increase of the 
weight on the side of the scale containing the substance, in conse- 
quence of a greater portion of the wire being out of the water, an 
equilibrium takes place. The wire being graduated so that 100 
divisions correspond to a weight equal to one grain, the number of 
uations on it between the surface of the water and the fixed mark 
‘ore mentioned will enable the experimenter to determine the 
number of hundredths of a grain by which the weight of the substance 
in the scale exceeds the number of grains already placed in the opposite 
scale. 

If it be required to weigh a substance in water, or in any other 
liquid, that substance may be suspended in a vessel containing the 
oe by a horse-hair attached below the scale opposite to that from 
whence the wire before mentioned was suspended; and its weight 
while immersed in the liquid may be found to the hundredth part of a 
grain, as in the former case. The reason why horse-hair is employed 
to suspend the substance in water is, that it very nearly the same 
specific gravity as that fluid. 

. ~A solid body having greater specific gravity than water being thus 

weighed both in air and water, may have its specific gravity deter- 
mined, that of the water being supposed to be known or assumed, by 
the following proportion :— 

The weight lost by immersion in water (that is, the weight of water 

equal in volume to the volume of the solid [Hyprostatics]), 


Is to the weight of the body in air, 
As the ific gravity of the water is to that of the body. 
The weight of The specific The weight The specific 
Or, amet | gravity of a} {rtaetoar | gravity 
of water, water =1°000 in air. required, 
The ific gravity of a fluid is found by weighing any one and the 


same solid body in air, in water, and also in the fluid, and observing 
the two differences of weight. These differences are the weights of 
quantities of the two fluids which are equal in volume to the solid 
body ; and they are to one another as the specific gravities of the two 
fui: hence that specific gravity which was required may be found. 
[See also Hyprostatics.] It should be observed that the oa 
pe J of the solid must be greater than that of either of the fluids, 
that the solid may sink when immersed in them. 
. The specific gravity of a liquid may be conveniently determined by 
means of a specific gravity e, % light bottle containing exactly 


1000 of distilled water at 60°, so that when the bottle is filled 
with the liquid whose specific gravity ie to be determined, the weight 
in grains of the liquid immediately determines the specific gravity 


alcohol it will weigh only 792 thus giving 0°792 as the specific 
gravity of the alcohol. If aes Lottie erene filled with sulphuric acid it 
would weigh 1845 grains, so that 1°845 would be the specific gravity 
of the acid. In some cases bottles containing only 100 or 200 grains 
may be used with advantage. 

e density of a powder not soluble in water may be ascertained by 
means of the specific gravity bottle, or if soluble in water spirits of 
wine, oil of turpentine, or some other liquid, may be employed. But 
suppose the powder to be sand, we weigh into he 1000 grain bottle 
say 150 grains of the sand. df the end eS ee 
the water the bottle, when filled up, would weigh 1150 grains; but 
it is found to weigh only 1096 grains, so that the sand has displaced 
54 grains of water. Hence _ 

54: 1-000 :; 150 ; 2°764=the specific gravity of the sand. 

If the body whose specific gravity is to be found be a solid lighter 
than water, there must be annexed to it, before it is a mass 
of some material of known specific gravity, and such the two 
bodies may together sink in the water. The compound mass, and the 
heavier body alone, must be weighed both in air and water; also the 
lighter body must be weighed in air. Let w be the weight of the com- 
wor mass in air, and w’ the weight of the same mass in water; also 
et w be the weight of the heavier body in air, and w the weight of 
the same body in water: then w—w’ is the weight of water equal in 
volume to the ep, Be body, and w—w is the weight of water equal 
in volume to the heavier body. The difference between w—w’ and 
w—w' is the weight of water equal in volume to the ligh’ 
therefore, by hydrostatics, that difference is to. the i 
of water as the weight of the lighter body is to its ifie gravi 

When the body is soluble in water, it may be weighed in 
also in some fluid whose ific gravity is known, and which is 
capable of dissolving it; then its specific gravity may be found by 
first of the above-mentioned rules, substituting the weight lost in 
fluid for the weight lost in water. 

If the solid body imbibes water without being dissolved in it, let 
be weighed when perfectl; , and call that weight w: 5 
the weight of water disp by the body when dry, and call it p 
then D is to w as the specific gravity of water is to the specific gravity 
of the body in its actual state. But p—w is the weight of the water 
displaced by the solid part only of the body ; therefore p—w is to w 
as the specific gravity of water is to the specific gravity of the solid 
part only of the body. 

It must be observed that the true weight of any body, or that which 
the body would appear to have if weighed in vacuo, is greater than the 
weight which it is observed to have when weighed in air, by the © 
weight of a volume of air equal to the difference between the volume 
of the body and that of the object by which the weight is determined. 
It should also be observed that the numbers ex the 

vities of substances are strictly correct only on the of 

itude passing through the place where the weight of the water 
under the unit of volume is determined; for the force of gravity, 
and. consequently the weight of any substance under a given 
ere increases in proceeding from the equator towards either 
of the earth. 
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In order to determine the specific gravity of the atmosphere, or of 
any gas whatever, the air or gas must be weighed in a globular vessel 
of glass, of sufficient magnitude to prevent the waeveldabis errors of 


the operation from sensibly affecting the results, 

In taking the specific gravities of gases, correction must be made 
for temperature. It is known that for e degree of Fahrenheit’s 
scale there is an expansion equal to ;}; of occupied at 32° 
Fahr. If, for example, 9°2 cubic inches of 
60° the change in volume would be as follows :—Since 70—32=38, . 
491 parts of a gas at 32° would at 70° have increased in bulk 88 parts | 
or would have become equal to 529 parts. Again 60—32=28, so 
that a gas which at 32° occupied 491 parts, would at 60° occupy a 
space equal to 519 parts. The volume therefore of any gas at 70° 
would bear the same proportion to the bulk which it would occupy 
at 60° as 529 does to 519. Hence, 529 : 519 :: 92: 9°026 cubic 
inches, A correction is also required for pressure; but in ] 
the specific gravity of a gas, Regnault has reduced the number | 


To 
rid of the correction for temperature the globe is placed in melting 
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ice, which reduces the gas to the French standard; more gas is 
introduced to equalise the pressure, the stop-cock is then closed, the 
globe withdrawn and 2) carey with a damp cloth to prevent the 
surface from becoming ic, and it is then attached to the scale-pan. 
Two hours are allowed to elapse before it is weighed, in order that it 
may acquire’the temperature of the surrounding air and get rid of 
the currents about it. The weight is then accurately noted, the 
globe again plunged in ice, the gas removed by means of the air 
pump, and the elasticity of the remaining portion in the globe 
measured by the pump gauge. The empty globe is again weighed as 
before, and the difference of the two weights will give the weight of .a 
bulk of gas the elasticity of which is equal to that of the atmosphere 
as marked by the height of the barometer H’ diminished by the 
elasticity h of the remaining gas as measured by the gauge. If the 
capacity of the globe has been previously determined with accuracy, 
the corrected weight of the gas will be obtained by the following 
proportion 


The standard Theobserved Theobserved Corrected 
pressure. pressure, weight, weight. 
As HH ' H’—h Ww’ w 
The following table has been calculated Professor Miller from 
Regnault’s experiments, and reduced to the English standard tempe- 
rature and pressure. : 


100 Cubic Inches weigh At 32° Fahr. At60°Fahr. Sp. gr. 
Grains. Grains. Air=1. 

Air . . . . - 32°698 30°935 1/0000 

Oxygen . . . « « 36°153 34°203 1°1056 

Nitrogen. . . - 31°762 30-119 0°9713 

Hydrogen . . « © 2°265 27143 0°0692 

Carbonic acid . . + 50°000 47°303 15290 


For further details on this subject, and for the method of deter- 
ini oe ee , we must refer to Professor 
Miller's ‘ Elements of Chemistry,’ Part I. 2nd edition, 1860. In the 
appendix to the third part of that work will be found tables of specific 


ities to a Sa Baumé’s hydrometer, and also of 
Pwaddell’s h ‘ math ltagiet beg ey into ars ee 
ponding specific ities by multiplying them 5 adding 
1000, The specific gravities of the various aalids, guide and gases 
are given under their respective heads in this Cyclopedia, also 
in works on istry. Copious tables are also published in a 
separate form. As a sample of such tables, a list of the specific 
gravities of the metals is given at the end of this article. A 
number of instruments on the principle of the HypRoMETER are sold 
in the shops, such as the Arevmeter, the Lactometer for testing the 
quality of milk, the Saccharometer for enabling the brewer to form an 
estimate of the quality of his sweet-wort, and some others. The 
Barometrical Aériometer consists of a tall siphon tube, inverted and 
mounted on a pedestal with a graduated scale between the two limbs. 
It was intended to compare the ifie gravities of immiscible liquids ; 
thus 1 inch of in one limb will balance about 134 inches in 
the other limb. Brewster's Staktometer or Drop-measurer is an instru- 
ment for specific gravities by the size of the drops which 
exude from a orifice. The instrument is formed like a pipette, 
and is filled by the action of the mouth with distilled water, and the 
number of drops which escape between an upper and a lower level are 
counted, and serve as a standard. The instrument may now be filled, 
say with proof spirit, and the drops similarly counted. In one instru- 
ment the number of drops of water was 724, while the number with 
proof spirit was 2117, thus indicating that the drop of water was 
about three times the size of the of proof spirit. What are 
called specific gravity beads or hollow beads of different sizes with 
projecting tails, and marked with certain numbers, are used to show 
ly the density of a liquid. A number of these beads being 
thrown into it, those which sink or swim are of no account, but those 
which remain just suspended indicate the specific gravity. 


Metals, Sp. gr. Metals. _ Sp. gr. 
Platinum . . « 21°5 Iron . . . » 7844 
Osmium . + + 214 Tin . ‘ o « 7°292 
Gold . . . + 19°34 Zine . . + 7146 
Uranium . « 184 Chromium . - » 681 
Tungsten . - 176 Antimony . . - 671 
Mercury . + « 13596 Tellurium . o » 6°25 
Palladium - 118 Arsenic ° F + 5°969-5°7 
Ruthenium. - « il Aluminum, rolled . . 2°67 
Lead . . . + 11°36 ~ cast . 2°56 
Silver . ° + 10°53 Strontium . 2°54 
Bismuth . - 9799 Glucinum o 31 
Cobalt e 8°95 Magnesium . 1-743 
Copper . ° 8°92 Calcium . . 1578 
Nickel « ° 8°82 Sodium . « » 0°972 
Molybdenum 8°62 Potassium . ° + 0°865 
Cadmium . - + 8604 Lithium , ‘ 0°593 
Manganese . . - 8013 


SPECIFIC HEAT. If 1 lb. of water and 1 Ib. of oil be transferred 
from a of 40° to one of 70°, the oil will indicate 70° much 
quicker than the water, requiring in fact less heat to reach the same 


temperature. So also if these two bodies be removed from a warm to 
a cold atmosphere the oil will cool much quicker than the water. In 
comparing various bodies with water it will be found that they all 
vary in their rates of heating and cooling. Taking water as the 
standard of comparison, the thermal unit is the quantity of heat 
required to raise’ 1 Ib. of pure water from 32° to 33°. And in general 
the quantity of heat required to raise 1 Ib. of any other body from 32° 
to 33° is called its specific heat. When the quantity of heat required 
to raise the temperature of a body one degree is uniform throughout, 
or in a very portion of the thermometric scale, the specific heat 
of such body is said to be uniform. Where such is not the case, it is 
said to be variable, and is in general found to increase with the 
temperature. 

Three methods are adopted in calorimetry, as it is called, to distin- 
guish it from thermometry, or the measuring of sensible or apparent 
heat. First, by measuring the heat by the quantity of ice which the 
body in question liquefies ; Secondly, by calculating it by the method 
of eciadi ; Thirdly, by observing the rate at which heated bodies 
ea , 

By the first method the calorimeter of Messrs. Lavoisier and Laplace 
is used. It consists of two similar metallic vessels, one smaller than 


and contained in the other, so as to leave a space cc. From this space 
proceeds a discharge-pipe with a stop-cock £. From the bottom of the 
inner vessel also proceeds a pipe D; it passes air-tight through the 
outer vessel, and is furnished with a stop-cock. There is a thi 

vessel, a, contained within the second, and the space BB is also filled 
with pounded ice. The vessel a is furnished with a cover, and there 
is a large tray-like cover over the whole apparatus. This is also filled 
with pounded ice. Now supposing such an apparatus to be introduced 
into a room at a temperature of 40°, it is evident that the ice in o will 
slowly melt, and retain B at the constant temperature of 32°. Now 
if we introduce the body whose specific heat is to be determined into a 
at any given temperature above 32°, it would cool down to that tem- 
perature, and in doing so will melt a quantity of ice, the water from 
which will be collected in the bottle below p. If this quantity of water 
be divided by the number of degrees through which the body in a has 
fallen, the quantity of ice dissolved by the heat corresponding to 1° 
will be found. This being divided by the weight of the body in a in 
pounds, the weight of ice dissolved by the heat which would raise 
1 lb, of the body 1° will be determined. In this way it is found that 
the heat n to raise 1 lb. of water 1°, is that which would dis- 
solve the 142°65 of 1 1b. of ice. For other bodies we get the 
following rule :—Multiply the weight of ice dissolved by 142°65, and 
multiply the weight of the body which dissolves the ice, by the num- 
ber of degrees of temperature which it loses, and divide the former 
ise by the latter, when the quotient will be the specific heat of 


ly. 

By the method of mixtures a mean temperature is obtained when 
equal weights of the same body are mingled together; but when 
different fluids are mixed the result is different. For example, 
1 lb, of m at 40° agitated with 1 lb. of water at 156°, gives a 
mixture =152"°3. In this case the water loses 3°°7, and the mercury 
gains 112°3. Hence 112°3 : 8°73: 1: 0°033, or, in other words, 
water being 1000, the specific heat of mercury is only 33; 1 lb. of 
water absorbing 30 times more heat than 1 lb, of mercury. 

By the third method equal and similar volumes of two bodies are 
raised to the same temperature, and allowed to cool under similar 
circumstances. By o ing the intervals of time required for equal 
volumes to fall 1°, we get the ratio of the quantities of heat which 
they lose. The quantities for equal weights may be inferred from the 
specific gravities of the bodies, and in this way the specific heats can 
be arrived at. 

The specific heat of bodies diminishes with an increase of density, 
so that mere mechanical compression will raise the temperature of 
many bodies, and eyen make some of the metals very hot; iron, it is 
said, incandescent, The sudden compression of aériform bodies is 
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attended with the evolution of heat, sufficient under proper arrange- 
ments to ignite amadou, or German tinder. On air an oppo- 


site seas meek: as is evident from the dimness seen on the inner 


surface of an air-pump receiver on first ing to exhaust the air. 
The ity for of the air is increased, and there is 
not cient heat to retain the in its elastic form. So when 
compressed air escapes, it absorbs heat, and moisture is 


suddenly 
ited. Similar effects may be observed in nature, A blast of 
air descending from a lofty height, has its temperature raised by 
the mere compression that it 


The following are a few specific heats obtained by the process of 
mixture or immersion. They refer to that part of the scale between 
$2° and 212° :— : 

Water . . + 100000 Brass ° . + 0°09391 
Oil of turpentine. . 0°42593 Silver, . > + 005701 
Charcoal . . » 024150 Tin. . . + 005623 
Glass . . « « 019768 Mereury . + « 003332 
Tron . . 011379 Platinum : + 003248 
Zinc . « » 009555 Gold . . « » 003244 
Copper . - 009515 Lead . - 003140 


A body in the liquid state has a higher specific heat than the same 
substance in a solid form. The specific heat of water, for example, 
is double that of ice. Indeed the large specific heat of water has a 
great effect on the temperature of the globe, in moderating the rapidity 
of the transitions which would otherwise oceur. 

The determination of the specific heats of gases and vapours is 
attended with difficulty. Regnault’s results are probably very near 
the truth. Taking the specific heat of an equal weight of water as the 
unit of comparison, he finds that of air to be = 0°2377. The following 
are a few of his results :— 


Equal Equal Equal Equal 
Gas or Vapour. vols; weights. Gas or Vapour. vols, weights, 

Oxygen . > 0°2412 0°2182 | Carbonic acid . + 0°3308 0°2164 
Nitrogen . 0°2370 0°2440 Ammonia . - »« 02994 0°5080 
Hydrogen + 0°2356 3°4046 Olefiant gas - 03572 0°3694 
Chlorine . 0°2962 O°1214 Sulphurous acid . . 0°3489 0°1553 
Bromine ° 02992 00552 Water - 0°2950 074750 
Nitrous oxide . . 0°3413 0°2238 Alcohol « « O7171 0°4513 
Nitric oxide . - 02406 0°2315 Ether . + 1°2296 0°4810 
Carbonic oxide . 0°2399 0°2479 | Oilofturpentine . 2°3776 0°5061 


There is a remarkable relation between the specific heat of an ele- 
mentary body and its chemical equivalent. If the specific heat of a 
body in the solid state be multiplied into the chemical equivalent of 
the same body, it gives a number which coincides almost exactly with 
the product obtained by multiplying together the specific heat and the 
equivalent of any other elementary substance. 

SPECIFICATION. [Partenrv.] 

SPECTACLES are lenses so mounted in frames as to be conveniently 
held before the eyes to assist defective vision. The eyes of a person 
whose sight is much tried often receive injury from delay in the use of 
spectacles ; while the sight of many persons is prematurely worn out 
by the use of glasses of too high a power. Wiolter the poate used 
be concave or convex, the lowest power that is available should be 
used. The use of a single reading-glass instead of spectacles is in- 
jurious, since, by occasioning one eye to be more used than the other, 
the power and focal length of the two are rendered unequal, The 
unsteadiness of the glass is also a disadvantage. The defects of the 
— hand-glass are not removed by increasing its size so much that 
both eyes may see through it, because in that case the axis of each 

cil of rays will be distorted by passing through the lens at points 

le its centre. Hand-spectacles, which are made to fold up into 
nearly as small a space as a single glass, are better than reading- 
glasses; but, although steadied in some degree by resting upon the 
ag they are not equal to spectacles well fitted to and supported by 


Varieties in the conformation of the eyes, and in the manner and 
degree in which they are affected by use, render it impossible to lay 
down any rule for the focal length of convex glasses for persons of a 

ven age ; rs a general idea of the necessary power may be obtained 
rs — following table, extracted from Dr. Kitchener's ‘ Economy of 

yes :’— 


Years of age, Inches of focus, Years of age. Inches of focus, 

40 86 70 12 
45 30 75 10 
50 24 80 9 
55 20 : 85 8 
58 18 90 = f 
60 16 100 6 
65 4 


In some cases it is advisable to use different es for night and 
to suit different degrees of light; and hy A. ‘ 
to increase the power of the g as the sight becomes weaker 

from Even a this, bowen ion must be exercised, lest, 

over. @ eye, its powers too rapidly exhausted. It 
should always be borne ‘in’ mind, both by young “at old persons, and in 
changing spectacles as well as in first taking to them, that the legiti- 
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mate object of convex is to restore the natural power (or 
rather the natural focus) of the eye, and not to enable the wearer to 


see ob; larger or more than with the | 

and healthy condition, Short-sightedness being still 

WpOB AS, Cannot be met, Vy Aa aae even so well as the opposite 
lect. 


and be of su 
site to the centre of the eye. uld this not be the case, the 
or wire that unites the two halves of the frame may be stretched or 
MWViEh reopect to the @iau uted in epeohediad 4) Wil in Makab kasi Sal 
respect to the in spec’ . asa 

that, except in cases where it is n to protet toa from an 
injurious glare of light, the most colourless material is to o pestered 
The accurate figure of the lenses cannot be too strongly on 
and may be tested by holding the near to a printed book, 
and gradually moving them nearer to the eye; by doing which, if the 

lasses be not well-shaped, the letters will appear distorted. Veins or 

lebs in the glass are injurious, and may be detected by hae 
glass between the eye and the flame of a candle, and moving it - 
wards and forwards, until it appears full of light; when every such 
defect will be distinetly seen. Scratches are not quite so injurious, 
inasmuch as they do not ate distortion; yet they should be 
avoided. Their diminished liability to injury by scratching forms the 
principal recommendation of spectacle lenses of rock crystal; but some 
opticians consider their use injurious, owing to their tendency 
i refraction of the rays of light. 

Several deviations from the ordinary mode of ares, - 

cles may be alluded to. The ‘periscopic s les of Dr. 
were contrived in order to allow considerable latitude of motion to the 
eyes without fatigue, by conforming the shape of the glasses to that 
of the eyes. This is effected by the use of lenses either of a meniscus 
or concayo-conyex form; the concaye side being in both cases turned 
towards the eye. Jig. 1 represents in section, the form of the lens 


Fig. J. Fig. 2. 


38 


- 


used in convex or magnifying spectacles of the peri construction ; 
and Fig. 2 shows that of ye lens suitable for 

persons. In the former case the curve of least radius is that of the 
anterior, and in the latter, that of the posterior surface of the lens, 
Divided spectacles, each glass consisting of two half-lenses, are some- 
times used; the upper half of each glass being ped bys concave 
lens, or one of very slight convexity, for seeing distant objects, while 
the lower half has a strong , for examining things near the 
eye. Such spectacles have an awkward appearance, on account of the 
joint along the middle, and require some to avoid inconve- 


diately before the ordinary lenses, to modify their power; or hay 
two distinct pairs of spectacles, capable of being wed either ely 


glasses, which be 
plain, unless otherwise required, being of such a formas to abseld the 
eyes from dust. ; 
In the Great Exhibition of 1851 the British exhibitors of spectacles 
were contented with improvements in the method of mounting, but 
left out of sight the main object, the improvement of the 


Thus there were fine and delicate frames, some weighing only 11 grains, ‘ 


and the whole weight, including glasses, not amounting to more than 
hts. The steel frames of these resembled 
were im) 


exhibitors to t glasses to suit almost every ity of 
vision. M. Henri, uniting the skill of the optician with the knowledge 
of the physiologist, exhibited spectacles of an improved kind, the glass 
of which was so pure as to remove one source of uneasiness and 
fatigue incident upon the use of spectacles; while the foci were so 
arranged as to rectify certain defects and obliquity of vision. Some of 
these spectacles were furnished with a moveable diaphragm, to be 
shifted right or left at will, These were designed for the cure of 
squinting, either converging or diverging. Pouillot exhibited 


_ ———- 


OO 
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metallic woven spectacles for the free admission of air to the eyes, 
while they serve a8 a screen against dust, insects, &c., and also subdue 


the 

SP. UM (in optics) is the name applied to the coloured image 
of the sun, or a narrow luminous object, when the light proceeding 
from it is transmitted through a prism, and either allowed to fall on a 
sereen at some distance, or received directly into the eye. [Disrer- 
ston.] A similar coloured image, produced by diffraction, may be 
o without a prism [Dirrraction oF Licur], and to it the 


have been already mentioned 

just quoted. Much light has recently 
been thrown on their origin by the labours of Professor Kirchoff. 
Fraunhofer long ago observed that the spectrum of a candle, or of a 
spirit-lamp, exhibits a double bright line, which exactly coincides in 
ition with the double dark line p of the solar ; and Sir 

id Brewster noticed a similar correspondence in the case of defla- 


would give a continuous , be transmi 
and then analysed, the spectrum is seen to be traversed by numerous 
dark lines or narrow bands, which by their sharpness of definition, 
: 3 icious arrangement, remind one of the 
it some of the fixed lines of the spee- 


absorption by the earth’s atmosphere, is evident from the fact that 
Gaiarars toate when the sun is high; but that alJ have not this 
i from the fact, observed by Fraunhofer, that 
t fixed stars have lines of their own, whereas were all the lines 
in the earth’s atmosphere, the same system ought 
the source of light were the sun or a fixed star. 
the researches in which he was in common with 


One gliarrers dig hues, grow ue the prismatic analysis of 
flames to qualitative ical analysis, Professor Kirchoff was led to 


discover flames which exhibit in their bright lines of 
certain definite ibilities at the same time absorb energetically 
light of those precise of ibility. (P orff’s ‘ Annalen,’ 


e further connected 


uminous body 

it and transmitted through the flame, exhibited on analysis 
dark lines in the places of the bright lines given by the flame alone ; 
the regions of those lines, as compared with the neighbouring regions, 
suffering more in luminosity by a tion of the light from the 
luminous body than shor guinea by the light emitted by the flame. A 
particular instance of this simultaneous emission absorption of 
rays of definite refrangibility had been observed in the case of the 
yoltaic arc many years before by Foucault (‘ L’Institut,’ for Feb. 7, 
1849), who, however, had not further followed the observation, nor 
connected it with the theory of Now the outer portions of 
the of the sun or a star, and the inner apse Soe hw 
the solid or liquid itself, may be conceived to in the same 
relative condition as the flame in the above experiment and the 
luminous body behind it; and thus we are led to connect the dark 
lines seen in the spectra of light coming directly from the sun or a fixed 
star, with the presence in their atmospheres, in a state of incandescence, 
of those elements, which, when present in flames, cause them to give 
out bright lines of the same refrangibility. It is found that the intro- 
duction of small Egamtitics of various metallic salts into a flame causes 
its to exhibit bright lines, depending upon, and characteristic 
e metal introduced ; and by comparing these lines with the dark 
lines of the solar spectrum we may infer the presence or absence of 
such metals therein. Thus Professors Bunsen and Kirchoff have con- 
cluded that the solar atmosphere contains potassium and sodium, that 
per va bs absent, or present in comparatively small quantity, and so 


ly given toa mirror used for any 
scientific purpose, as ina ing telescope. For the astronomical 
bearings of the speculum we refer to TeLEscors, but we here give the 
first part of the simpler mathematical description of a pencil of 


core Seen * Deletor, 60 28 to mii ae ee eer 
to Lens. 

The convex mirror is comparatively of no importance, and the 
fortiulse for it shay be (easily derived from those for the concave 


mirror, to which we proceed, referring to Mr. Griffin’s work on Oprics 
for further information. Let a pencil\ of rays fall on the spherical 
mirror 4B from the point Pp, of which rays PBis one. Let PB be 
reflected into Bp. It is supposed that P is in the radius o A, which is 
the axis of the mirror; o being the centre of the sphere. Let Ao0=r, 
APp=u,Ap=v. The nearer B is taken to a, the more nearly does the 
point p approach to a certain point ¥,at which the image of P is 
said to be formed: not that any rays are actually reflected to F, 
but because all the rays which are reflected from points near to 
A fall exceedingly near to ¥, which is the cusp, and brightest point 
of the Caustic. Ifar=w, the position of ¥ is determined by the 
equation— 
1 | hee 


et ee i = 


ato gee ® 


The point p however is always nearer to A, or lies between-F and A, 
and pF, or the longitudinal aberration, is thus found: let the length 
of the are aB be y ; then 3 


w fl 1y2 
erie (; - =} Pisses (2) 
very nearly, if y be not very great. And for the lateral aberration Ft, 
we have ‘ 


re=" (2-2)... 


Again, there is for all the rays proceeding from P, after reflection, a 
circle through which they all pass, as in Lens. The distance of this 
circle of least aberration from the focus F toward A, is the following 


expression :— 
aoe (3 
Ra OChe > | ona! (4h 


if y be the whole semi-are of the mirror: it is therefore three-fourths 
of the longitudinal aberration of the extreme ray. The diameter of 
this circle of least aberration is J 


sen 2 yy 
Be Cee pet 
or one-half the lateral aberration of the extreme ray, 

When the rays fall parallel to each other on the mirror, w is infinite, 


and we have tr for the value of w, £ for the longitudinal aberration, 
a" 
[a for the lateral aberration, ~ for the distance of the eircle of 
least aberration from ‘the focus, and = for its diameter. 
, 


When w=7, or the incident pencil is thrown from the centre, it is 
returned again to the centre, and there are no aberrations. 

When » is less than #, or P is between 0 and A, F then falls 
0, and, as P approaches to the middle point of oa, recedes without 


limit, When u= 5, or P is at the middle point of oa, all the 
reflected rays are parallel to one another and to the axis of the mirror. 
And when w is less than ; 7, w becomes negative, or the focus is on 


the other side of the mirror, and the reflected rays diverge; but only 
the latitudinal aberration alters its sign. 

The formule for a convex mirror may be found by making 7 nega- 
tive in those for a concave mirror. Hence w is always negative, or the 
focus of every pencil is behind the mirror: the longitudinal aberra- 
tions change sign, but not the latitudinal ones: and as w has also 
e ed sign, the effect is that p is always nearer to the mirror than 
F, as before. 

_ The image in a convex mirror is always upright ; and in a concave 
one always inverted, except when the object falls between the principal 
focus (or middle point of the radius) and the mirror. 

The astronomical value of the speculum depends on the bara 32 of 
light that it can concentrate, and on the precision with which it forms 
the optical image of a distant object. Hence the magnitude, the eur- 
vature, and the surface polish are all of importance. The figure may 
be parabolic, where every part has the same focus, or it may be an 
ellipsoid, where the edge is of shorter focus than the centre, or if 
longer an hyperboloid. The grinding and polishing of lenses in a 
Posed gp Be pe, to say nothing of the di ty of obtaining good 
optical glass, greatly limit the perfection of that form of telescope ; 
but an amount of error that would be tolerated in the best lenses, 
would be fatal in the speculum of a large reflecting telescope. The 
difficulties of forming an accurate speculum constitute a problem of 
the highest order, the solution of which has received the careful study 
of first-rate astronomers and mechanicians. The reader who is 
desirous of seeing how these difficulties have been overcome, will do 
well to consult the memoir communicated to the Royal Society of 
London in 1840 by,Lord Oxmantown (now Earl of Rosse) entitled ‘ An 
Account of Experiments on the Reflecting Telescope.’ We may also 


Fos SPECULUM. SPECULUM. 
refer for a multitude of minute details to Holtzapffel’s “Mechanical Mani- | of 80°, is placed on it for a short time. On rai all the squares 
pulation,’ to in the proceedings of the British Association, 1848, | of the pitch must have been in full contact with.the um, 


1850, to the ‘ Transactions of the Royal Astronomical ‘Society,’ to the 
* Philosophical Transactions ’ for 1850,and also to the article Speculum 
in Nichol's ‘Cyclopedia of the Physical Sciences,’ 1860, All we can 
do, in this place, is to indicate the nature of the problem to be 
solved, and briefly to state some of the means ado for its solution, 

And first as to the material. Speculum metal is an alloy of tin and 
copper, which ing to Lord Rosse should be a definite atomic 
compound, namely, four equivalents of copper to one of tin, or 
126°4 parts of co) to 58°9 of tin, or 32 to 15 nearly. This is the 
alloy used by Newton in the first reflecting telescope. It is very 
brilliant, but so brittle as to break with a slight blow or sudden change 
of temperature, and so hard and friable that it cannot be worked with 
steel tools, The introduction of other metals or a larger proportion of 
copper may diminish the brittleness, but will lower the brilliancy, and 
produce a metal more liable to tarnish. It is remarkable that speculum 
metal displays its porosity with the aid of a simple Coddington’s 
microscope. [Bronze ; Srecutum Merat.] 

When it is stated that the 6 feet speculum of Lord Rosse’s telescope 
weighs 4 tons, it may be imagined that the casting of such a mass is a 
work of some difficulty. If a close mould were used; or if the metal 
were rapidly cooled, it would fly to pieces in wettest. to work it, or 
if cast in sand, as an open casting, it would probably have a spongy or 
crystalline texture, which would be visible when polished. Small 

ula are cast in sand, and as soon as they are set the sand core is 
pushed out of the central aperture of such as are intended for Grego- 
rians, and the red-hot disc is surrounded by ignited wood ashes to 
delay the cooling; but in large specula the margins solidify first and 
from want.of ductility the central parts are torn away in the act 
of contracting, and the mass becomes rent or flawed. To prevent 
these defects and accidents, the speculum is cast on a chill or surface 
of iron moderately heated, the effect of which is to give a fine grain 
and increased compactness to the metal to a small distance from the 
surface. In Mr. Lassell’s mode a cast-iron mould a little deeper than 
the speculum, with its bottom convex, and of the same radius, is 
attached to the end of a strong weighted lever, so that when the 
mould is empty, its bottom makes a considerable angle with the 
horizon, but becomes horizontal when charged with the proper 
quantity of specnlum metal. The fused metal is poured into a lateral 
cell, communicating with the mould at its lowest point. In this way 
the metal rises smoothly and evenly along the bottom, and entangled 
air and scoria are got rid of. In Lord Rosse’s arrangement the bottom 
of the mould is made of pieces of hoop iron on edge, wedged tightly in 
an iron frame, and turned to the proper curvature. This holds the 
fused metal, but allows the gaseous matter to pass freely through. On 
this a wooden pattern is laid about twice as deep as the intended 
speculum and 1-65th larger to allow for contraction : sand is rammed 
round this, and when the pattern is removed and the metal poured 
into the cavity, the lower surface is chilled, the sides in contact with 
the sand next harden, while the central parts remain longer fluid, and 
the top or back of the speculum congeals last, by which arrangement 
the contraction and irregularity of texture occur where they-are least 
injurious. While the cast is still red-hot, in which state it is not 
brittle, it is transferred to an annealing furnace, which has been kept 
heated for some days so that its interior brickwork is at a full red, and 
here it is left to cool for a month or six weeks in case of a 6-feet 
speculum ; smaller ones, of course, requiring less time. 

The grinding and the polishing, so as to produce a brilliant polish 
and a true parabolié figure, are still more difficult than the casting. 
The grinding is done by means of a tool on which are cemented small 
pieces of gritstone, dressed to the convexity of the surface by means 
of a gauge of sheet-iron. A convex and a concave gauge should be at 
hand ; circular arcs are struck on them of a radius equal to twice the 
focal length, and afterwards left free by filing and grinding. When an 
even surface is produced by this tool, another is taken, of cast-iron, 
turned to the convex gauge, and cut up into small squares by two sets 
of grooves, about a quarter of an inch wide. This is charged first with 
sand, then with emery and water, and is made to traverse the face of 
the speculum by machinery. There must be occasional washing, and 
emery of increasing fineness used, till all scratches are removed. The 
face may be tested optically from time to time, and examined as to the 
focus, Early in the process the edge of the speculum is ground true 
with sand applied by means of a divided hoop of iron, which admits of 

sane uniform 


of the degree of hardness such that a sovereign will stand on it on 
site the ooweree! anhiaen <y Paes es of four nicks of the 
speculum is cleaned from emery or dust, and 1 
secured on the  oomary dry and is smeared wih 5 icles ot 
water and rouge (peroxide of iron), and the polisher, at the temperature 


It 
this be the case, the polisher is ready for work. In the old method of 
polishing by hand, the polisher is fixed to a firm block, and the ope- 
rator, holding the speculum by a handle cemented to its back, works it 
backwards and forwards across the polisher by straight strok: 
few of which he shifts his position to give them a new direction, 
peace, the speculum somewhat to rid as far as may be 
inequalities in the abrasion ; and from to time these 
are varied by circular ones; and as the moisture evaporates, a little 
water must be supplied at the edge. The adhesion and friction 
increase rapidly ; the polishing-powder changes in colour, and at last 
disappears, when a fine polish covers the speculum, and the operator, 
by a few circular strokes, completes the parabolic 

es fay be oe oh secbeccn ane Pe maeps te tea 

© proper figure, for it cannot be recov except 

er repeating the whole process. ‘The advocates for this laborious 
kind of work attach much im ce to the touch of the operator, 
since he can feel if anything wrong, and correct it in time. 
But as hand-polishing cannot be applied to specula above nine inches, 
and science required those of larger size, the introduction of machinery 
‘was necessary to The two Herschels availed themselves of 
mechanical aid; but the first astronomer who has given a minute 
account of his method is Lord Rosse, in the paper above referred to. 
His plan is to work by a double system of cross-strokes, while the 
+ ey ae and polisher are slowly revolving with unequal ve! 

e speculum is carried by a chuck attached to a strong vertical shaft, 
and is surrounded by water at 55° to insure the proper consistence of 
the pitch. The polisher is of iron, stiffened by means of ribs 
like the walls of a honeycomb, and suspended by six points to lessen 


the chance of bending. The polishing-bar has a rectilinear motion 
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rotation of the speculum tends to lengthen the focus of the exterior 
zones of its surface. There is also an excentric motion, which aug- 
ments to any required extent the circumferential action. The figure 
depends on four things, namely, the radius of the primary, that of the 
excentric, and the angular velocities of it and the speculum. In 
polishing a six-feet speculum, the number of strokes is eight per minute; 
and for smaller ones, inversely as their diameter. The polishing of a 
six-feet um requires five hours, The figure of the speculum was 
tested in Rosse’s process, during the grinding and polishing, by 
observing the reflection of a watch-dial placed Vaexerepabtd 
the speculum, at a height of about 90 feet. By watching the 
image of this dial, the adjustment of the length of stroke could be made 
with such ae that Ln hoe. um, with its whole 
aperture, was wn perceptibly out of focus by a motion of the eye- 
piece amounting to less than the thirtieth of aninch. During the 
polishing, it was found necessary, in order to prevent irregular expan- 
sion of the speculum, to maintain a uniform temperature in the 
polishing-room ; and it was also necessary to have a certain degree of 
moisture in the air, that the wet polishing-powder should dry at the 
rate. When the air was too damp, the polishing was not 
attempted ; if it were too dry, a jet of steam was introduced. Instead 
of water, ammonia soap (or common soap treated with ammonia) was 
sometimes used with the polishing-powder, as this was found to dry 
more rapidly. 
Amore complete idea of the arrangements for grinding and polishing 
a may be formed from Mr. Lassell’s arrangement, as improved by 
. Nasmyth, and represented in the figure (col. 704), the object being to 
imitate as closely as possible those evolutions of the hand by which Mr. 
Lassell had been banveenemseary Ss Loran) soaps eae on smaller 
specula. ¥ L represent fast loose pulleys for conveying the power, and 
transmitting it by the endless screw on the shaft, a, to the wheel c. 
The spindle, £, of this wheel has attached to it a crank or arm, 1, which 
carries a pinion, J, and causes the pinion to revelve round the toothed 
circumference of the wheel u, which wheel u, being fixed to a bracket, 
causes the pinion J to revolve with as many turns as its circumference 
is less than that of the wheel 4, or five to one, The spindle of the 
inion s has a wheel, kK, fixed to it at its lower end, which wheel xk, in 
tk manner, conyeys motion to the pinion L, which works on an 
adjustable centre-pin ; and as the T-groove in which the centre-pin of 
t works is radial to the centre of the wheel u, this pinion may be set 
to degree of excentricity, and yet be in gear with H. The pinion L 
peste ty a cross-crank, M, attached to its under side, which, having its 
crank-pin, N, also sliding in a T-groove, it may be set to and fixed at 
any degree of excentricity; so that by these two excentric movements 
we have the means of giving to the pin N any compound motion 
required. The polisher is of wood or other suitable material, coated 
with pitch, and divided into squares, 


This polisher is free to move upon the pin N, while N causes the 
to slide over the surface of the speculum s with a motion not 

that ited in the figure contained in Holtzapffel’s ‘ Mechani- 

cal Manipulation,” where the curves are all re-entering, but rather as in 
the following figure, where the curves do not re-enter. In order that 


ev rt of the surface of the speculum may continually ¢' its 
einibion 2 with respect to the movements of the polisher, a slow eae 
motion is given to it by an endless screw on B working into the teet 


of the wheel p, which forms the base on which the speculum rests, It 
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rests, in fact, on nine equilibrium points in the cell in which it is to rest 
when eras in the telescope, so as to incur no'risk of beret aac “By 
means of this arrangement,” says Mr. Nasmyth, “a speculum haying a 
decidedly hyperbolic figure may be ema eal brought to a perfect 
parabola, or to a spherical curve, or the same may be done in the 
reverse order, at pleasure.” In Lord Rosse’s arrangement, the polisher 
is travétsed over the speculum with reciprocating longitudinal motion ; 
and in Mr. Lassell’s, the polisher has a continuous epitrochoidal motion, 
the path of which is dependent upon the adjustments of Land. The 
was is made of two thicknesses of pine-wood, with the grain crossed. 

is, from its lightness, does not require to be counterpoised, as in 
Rosse’s ; and, apparently from-its being sufficiently yielding to accom- 
modate itself somewhat to the form of the speculum, a single coating 
of pitch was found sufficient, and the polishing was completed with 
wet powder. The value of the two-feet speculum thus produced is 
shown by Mr. Lassell’s discovery of the satellite of Neptune, an eighth 
satellite of Saturn, and the re-observation of the satellites of Uranus, 
which had not been seen since their announcement by Sir W. Herschel. 
Mr. Lassell’s polisher has served as a type to other skilful mechanicians, 
such as Mr. De la Rue, Mr. Grubb, of Dublin, and Mr. Lassell himself 
has introduced some modifications. 

Further details respecting specula belong to TELESCOPE; but we may 
mention the proposal, if not introduction, of silver as a substitute for 
speculum metal. It reflects 0°91 of the incident light, while speculum 
metal only reflects 0°67. It is, on the other hand, liable to tarnish, 
and there are difficulties in the way of figuring and polishing it. 
M. Foucault, however, has formed a speculum of glass, figured and 
polished to a true parabola, and deposited a thin but uniform film of 
silver on its surface, by means of Drayton’s process, in which a solution 
of nitrate of silver is reduced by means of oil of cassia. The exterior 
surface of the glass speculum is parabolic, but has no lustre. That 
property may be imparted to it in a high d without any sensible 
change of figure, by means of light friction with wash-leather and a little 
peroxide of iron. In case of tarnish, the polish may be renewed by 
the same process, and often be repeated before the silvering requires to 
be renewed. 

SPECULUM METAL. [Browze.] 

SPEISS. [Copatr. 

SPELTER. [Zrve. 

SPERMACETI, or CETACEUM, a fatty material, obtained from 
the Physeter macrocephalus, (Catodons ma us of Beale) 
[Ceracga, in Nat. Hist. Dry.], a species of whale, generally met with 
in the South Seas, but also on the coast of Greenland, and occasionally 
stranded on the coasts of Britain. When purified it is called cetine. 
It is also soluble in ether, and volatile and fixed oils. It has a 
white, pearly, or silky appearance, considerable tenacity, but may 
be broken into mica-like scales, with a smooth or fatty feel, slight 
fish-like odour, and mild mawkish taste. Its specific gravity is *943; 
it melts at 112°, and when a lighted body is applied to it, it burns with 
a clear flame. 

Sulphuric is the only acid which dissolves it. It is only partially 
dissolved by the fixed alkalies, and is with difficulty saponifiable. Hot 
caustic ammonia forms with it. an emulsion, which is not decomposed 
on cooling. 

Long exposure to the air renders it rancid ; it may be again purified 
by washing in a warm ley of potass. It should be protected from air 
and light. : 

A hundred parts of spermaceti consist of sixty parts of margaric and 
oleic acids, forty parts of ethal, and 0-9 parts of a yellow extractiform 
substance. The ultimate composition of cetine seems to be—carbon, 
81; hydrogen, 12; oxygen, 5. 

8 i possesses the properties common to fatty matters. It is 
bland and demulcent, with considerable nutritive qualities, when taken 
internally. It was formerly much used in colds and coughs, united 
with mucilage or syrup, to shield the throat from the irritation of the 
air, also in dysentery. Triturated with sugar-candy, and having warm 
milk added to it, it is a mild nutrient article, fit for children or old 
persons, It is however now chiefly employed externally as an ingre- 
dient in ointments and cerates. It is also largely used to form candles, 
and to burn in Jam 

SPHERE, or GLOBE, a solid body, the surface of which is every- 
where equally distant from a given point or centre withinit. This 
distance of each point from the centre is called the radius. In the 
article Mensuration will be found the formule which connect the 
surface and solidity of a sphere with the radius: we shall here add 
that the weight of a sphere of pure water is found in ounces ayoirdu- 
pois, by multiplying the cube of the number of inches in the radius by 
2°4171; and in pounds avoirdupois by multiplying the cube of the 
number of feet in the radius by 261'05. These results multiplied by 
the specific gravity give the weight of a sphere of any other substance. 

A section made by a sphere and plane is always a circle. When the 
cutting plane passes through the centre of the sphere, this proposition 
is obvious from the definition of a circle. When the plane does not 
pass through the centre the assertion follows so soon as it is shown 
that a plane curve having all its points equidistant from a given point 
not in the plane is acirele. A section passing through the centre is 
called a great circle, and one which does not pass through the centre a 
small circle, These terms are incorrect, since a small circle may be in 
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size as nearly as we please equal to a great circle: the words greater 

and smaller would be more correct. 

The centre of a circular section is found ly drawing © 
of the section. 


of the sphere. The great circle in such a system (cUAB) is 
called the primitive, the common perpendicular (r.0Q) the azis, all the 
small circles (DEFG, KLMN, &c.) parallels, the extremities of the axis 


P and Q) poles, and all great circles passing through the axis and poles 

PCQB, PUQ, PAQ, &c.) secondaries. 

’ By the angle made by two t circles is always understood the 
angle made by their plaues, which is also that made by their tangents 
at the point of intersection, and that made by the intersections of the 
two circles with the third circle to which both are secondary. It is 
also the angle made by the axes of the two circles. Thus the spherical 
angle EP¥ is the angle made by the planes pEQ and PFrQ, or the angle 
made by tangents to the circles drawn through P, or the angle v0. 

The angle made by two straight lines drawn from the centre (as 0A 
and 0B) is often confounded with the are (a8) which that angle marks 
out on the sphere. When this causes any confusion, which at first it 
will sometimes do, instead of each arc mentioned, read its angle : thus 
for the are aB read the “angle subtended by the are aB” or AOB. 
Thus when we say that the angle made by two great circles is the are 
intercepted between their poles, we mean not to equate the angle to 
the length of an arc, but to the angle which that are subtends at the 
centre. 

The following propositions are essential to the doctrine of the sphere 
in geography and astronomy; they may be easily proved, and will 
serve as exercises in the meaning of the preceding terms :— 

1. If the A nag of a first circle lie upon a second, the poles of the 
second will lie upon the first. 

2. If 9 ee be made by the revolution of a semicircle round its 
diameter, the diameter will be an axis, the middle point of the semi- 
circle will describe the primary, all other points will describe parallels, 
and every position of the generating circle will be a secondary. 

8. If a point on a sphere be distant from each of two other points 
(not opposite) by a quadrant of a great circle, the first,point must be a 
pole of the great circle which joins the second and third. 

4, The arc of a parallel (as EF) is found from the co ding are 
of the primary (av) by multiplying the latter by the cosine of the 
angle (FoA) which is subtended by the intercepted are (aP) of the 


5. The surface of the zone intercepted between any two parallels is 
the rectangle contained under the circumference of the primary and 
the camera distance between the parallels. 

6. surface of a lune contained between two great circles is such 
a proportion of the whole surface of the sphere as the angle contained 
between the two great circles is of four right angles. 

7. The part of a lune contained within any zone made by two of its 
parallels (as EF UA) is such a proportion of the whole zone as the angle 
of the circles forming the lune is of four right angles. 

We are now to show the method of Co-orprnatEs by which points 
in the sphere are ascertained, and their relative positions described. 
Take any great circle cU AB, and choose any point U as an origin, and 
either direction to be that in which arcs are measured. for in- 
stance that va, in preference to uc, shall be the direction 


tude, 
right ascension, or any other, the point whose right ascension (if it be 
right ascension) is 80° means the point which is at 80° distance from U 
in the direction va. Again, if we wish to describe any other point, 
not in the great circle chosen, as ¥: through ¥ draw a to 
the great circle (e¥.q), then the point ¥ will be known as soon as A is 


described, in the manner just laid down, and also as soon as the arc AF 
is given, and the pole towards which it is measured. These two co- 
va and AF, when desoribed in itude and direction, 
fons 8 enpplete deen ee the point ¥ on the 
ere ; e subtended U 
i ‘etvaand at by va and ar are generally used 
‘or e a of ical to 
hk Sethian: pplication of spherical geometry to astro- 


SPHERE, DOCTRINE OF THE, This phrase is generally aes 
icati i notions in 


In geography the end is almost gained when a distinct notion is 


east or west according as it falls; and the co-ordi 
is called latitude, north or south according to the 
it is directed. Thus the place F (PU passing 
would be described as in longitude v a east of Greenwich, and Fa 

north latitude; but if the fundamental secondary, Pv, be moved 

number of degrees to the east, every east longitude must be diminished 
and every west longitude increased as much ; and all places which 
the secondary passes over in the transfer, must have the names of 
the directions of their longitudes pepe yc take for their new 
longitudes the excesses of the angle transfer over form 

longitudes. Again, longitude might be measured all 
round in one direction : thus D, instead of being described as in u ¢ 
of re Mgr, ogo might be considered as in 360°-uc of east 


g 


: 
: 
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triangle pe M. From these data the third side, p M, can be found, in 
degrees, &c.: convert this into miles, at the rate of 69 miles to a 
degree (which is accurate enough for the purpose), and the result will 
be the distance required. 

We now make the yon aie the terrestrial to the ce 
sphere. The latter is a fiction, derived from the impossibility of dis- 
tinguishing the distances of the heavenly bodies, on which account 
they all seem at the same distances, on a sphere so great that the 
earth, its centre, is but a point in comparison. But it must be 
remembered that the appearances of the heavenly bodies conform 
themselves to this fiction, so that the development of the consequences 
of the latter amounts to an explanation of the phenomena of the 
heavens. And first, the rotation of the earth from west to east gives 
to the sphere of the heavens an ap t motion from east to west, 
round an axis which is obtained by fenamtiesinge the axis of the earth. 
The point of the heavens which answers, for the moment, to the 
8 's position on the earth, is that point which is directly over 
his head, or his zenith. And since the spectator is not exactly at the 
centre of the celestial sphere, we give the following diagram, illustra- 
tive of the manner in w! ich the effect of this misplacement is destroyed 
by the largeness of the sphere. 

The eye of the spectator is at x, and his zenith-line iso%. The 
smaller circle is a section of the earth, and the larger of the poegrtid 
the heavens, The figure is drawn of dimensions so false, that the 


sphere of the heavens is about as well as a common orrery 
represents the solar system. The Horizon is the small circle drawn 
perpendicular to oz through nn; the altitude of the pole of the 
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heavens (P’ being that of the earth) is the angle NEP, Now suppose 
the earth and the spectator to diminish until they cannot be distin- 


— 


5 
R re) Q 

guished from the point 0, the sphere of the heavens remaining the 
same. All angles at o remain unaltered: the altitude of the pole of 
the heayens becomes Q 0 P, equal to the angle 40 £, the latitude of the 
tor, and the horizon of the latter coincides with the great circle 
wh through RQ i to oz. The great circle, QPzR, 
passing through the pole and the zenith, is the meridian ; the second- 
E+ to the horizon perpendicular to the meridian is the prime vertical. 
e here exhibit a skeleton of the sphere, showing nM ZPN, half the 


Z 


E 
meridian ; N En, the horizon (x, E, x, its north, east, and south points) ; 


2 &, the j vertical ; a portion of PO, the axis; nM, the equator, 
r icular to the axis. ; 

e now give three positions of the sphere, differing only in. the 

e state of the 


manner of projecting the a Each one represents 

heavens some two or three hours before hate an October morning, 

in a latitude somewhat ter than our own. The first figure is pro- 

j on the plane of the méridian ; that is, the meridian is the 

circle which bounds the view of the pee, The second is projected 
the 


on the prime vertical; the third, on the horizon. 
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the prime vertical, z xz; the horizon, n £N, and its , the zenith 
and nadir, zandz; the equator, mEm, and its poles r and p (which 
are called the poles, from their importance), are posed to be well 


The reader who is new to the subject learn to see the 
meridian are the east and west points of the horizon; the poles of the 
prime vertical are the north and south points of the horizon; the 
fps leary vertical make an angle equal to the latitude of 


the place (which is py, or the angle of rN); the equator 


and horizon make an angle equal to the colatitude (90°—lat.) of the 
place of observation ; a star which is distant froni the north polé by 
less than the latitude of the place of observation caii fiever set nor go 
below the Horizon (it is called a cireuinpolar star), 
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The diurnal motion carries the sphere round the axis in the direction 
of the arrows marked upon the equator. The meridian, horizon, and 
prime vertical, must be considered as detached from the sphere, and 
not moving with it. Every point of the sphere describes 4 small 
circle parallel to the equator; and all stars which are at the same dis- 
tance from the pole describe the same small circle. The whole revolu- 
tion takes place in what is called a sidereal day [Tre], about four 
minutes less than the mean solar day shown by a good clock. A 
seco! to the equator describes angles uniformly about the pole at 
the rate of 360° to 24 sidereal hours, or 15° to 1 sidereal hour." [ANGLE] 
Hence if we would know how long it will be before the diurnal motion 
will bring a star at K into the position s, we must turn the angle sPK, 
which is measured by the arc Q5, into sidereal time at the rate of 15° 
to 14, and then turn the sidereal time so obtained into commion clock 
time, at the rate of about 23% 56™ of clock time to 24" of sideres! 
time. For purposes of general explanation, the two species of time 
may be confounded. The sidereal day is always made to begin when 
a certain point of the equator, presently to be noticed (the vernal 
équinox), comes on the south side of the meridian, and the hours are 
measured on to 244, ‘ : : 

We shall now explain the systenis of co-ordinates which are made 
use of in describing the positions of stars. 

1. Horizontal System. Altitude and Azimuth—In this case the 
horizon is the primitive circle employed ; its north point, N, is ths 
origin, and the position of a point w is determined by its azimuth, NI, 
and its altitude, LW; zw Fein a secondary to the horizon. Since 
the altitude and azimuth are feckosied by means of a fixed circle, botli 
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are perpetually changing their values for any one star, The following 
assertions will serve to try the reader’s com of these terms :— 
points on the north side of the meridian are in azimuth 0°, on the 
south side in azimuth 180°; the zenith has all azimuths, and every 
other point of the east side of the prime vertical 90° of azimuth ; the 
altitude of a star which sets is greatest when it is on the meridian; 
the meridian altitudes of a ciroumpolar star are the greatest and least 
of all its altitudes, and their half sum is always the latitude of the 
place of observation, [Attirvps; Azuwura.) : y 
2. Ei ial System. Right Ascension and Declination —The pri- 
mitive circle here is the equator; the point of the Me veg? called the 
r described) is the origin, the direction of 
from west to east is the direction in which right 
ascension is measured. In the diagrams T is not the vernal, but the 
autumnal equinox, the point opposite to the vernal equinox, conse- 
quently T has 180° of right ascension, and so have w, V, and all points 
on the same half of the secondary pwr. The other ate, 
declination, is measured on the secondary to the equator north or south 
ing to its direction : thus’s has for its right ascension 180°+ 1 Q, 
and Qs of south declination ; while r has the same right ascension, 
and QR of north declination. The secondaries to the equator are called 
hour-cireles, and the difference of the right ascensions of two stars is 
the angle made by their hour-circles: thus the angle @r5, measured 
by the are Q5, is obviously the difference of the right ascensions of the 
point Rand 1, The equator moves with the sphere, so that the right 
ascension and declination of a star remain the same, as long as it moves 
only with the diurnal motion. The a ascension is generally ex- 
pressed in time, as before described ; and the following assertions will 
serve for exercise in the meaning of these terms :—the sidereal day 
inning when the vernal equinox is on the meridian, the right 
ascension of any star, turned into time, expresses the moment of the 
sidereal day at which that star will be on the meridian; when the 
vernal equinox is on the meridian of Greenwich, the longitude of any 
place, measured eastwards, is the same as the right ascension of a star 
which is on the meridian of that place; the meridian altitude of any 
star, diminished by its declination (if north), or increased by its 
declination (if south), is the co-latitude of the place of observation ; 
every star which has the same declination as the place of observation 
has latitude, passes directly over the head of the spectator at that 
place; the time of rising of a star, and the time during which it 
remains above the horizon, depend solely upon the declination, and not 
at all upon the right ascension. [Ricut Ascension; Deciivation.] 

3. Ecliptic System. Celestial Longitude and Latitude.—The ecliptic 
(BT's 5) is the circle which the sun appears to describe in the course of 
a year, the direction of this orbital motion being from west to east. 
One half of it is north, the other half south, of the equator; and the 
point of the equator in which the eclipti¢ cuts it, and through which 
the sun passes when it leaves the southern and enters the northern 
part of the ecliptic, is the vernal equinox, the opposite point being the 
autumnal equinox. ently, T, as drawn, is the autumnal 
equinox, for motion from west to east, or in the direction BT s, makes 
the sun pass from the northern to the southern side of the equator. 
Tn this system of co-ordinates the ecliptic is the primitive circle, the 
Vernal equinox is the origin, longitude is from west to east 
on the ecliptic, and latitude north or south, as the case may be, is 
measured on a seco! to the ecliptic drawn through the star. In 
fact, celestial longitude and latitude are to the ecliptic precisely what 
right ascension and declination are to the equator. The obliquity of 
the ecliptic is the angle made by the equator and the ecliptic; and the 
secondaries to the ecliptic, drawn through the vernal and autumnal 
equinoxes, are the equinoctial and solsticial colures, [LonerrupE aND 
LatiTUDE. 

A complete understanding of all these terms makes the comprehen- 
sion of the globe easy, and the application of spherical trigonometry 
to those who know the latter science. We now describe the diagrams, 
in order to point out how such applications are made, The point 8 is 
the sun, of course in the ecliptic ; its right ascension is 180° + 7, its 
declination Qs south, its longitude 180°+ 15, its latitude 0°, its 
azimuth N L, its altitude Ls, its hour-angle ( a name given to the angle 
made by the hour-circle of a star with the meridian) s Pp 4, measured 
by uQ. The parallel to the equator cs Kc would be the diurnal path 
of the sun, if it continued at the point s of the ecliptic ; but as the sun 
has a slow motion of its own towards k, it is not strictly (though very 
nearly) correct to say that, for the day in question, the sun continues 
in the parallel, Hence we may say, without sensible error, that the 
sun moves over cK during half the night, and through kK c during half 
the day. It rises when pros see kK, and the angle K Ps, ti into 
time, shows the sidereal time elapsed since the rising, while the angle 
sr shows the time which is yet to elapse before noon. As to the 
time of the year, observe that the sun was at the autumnal equinox T 
on the 21st of September, since which time it has moved over Ts, 

tly of the diurnal rotation of the sphere. We see then 
what is meant by saying that the diagram represents some morning in 
October. The use of the globe is thus explained, as far as setting it for 
any hour and day is concerned. The pole Pp must first be elevated 
until the elevation is equal to the latitude of the place, the sun must 
then be put in its rors Fenve an the ecliptic for the time of the year, 
and its hour-angle must then be made to’ represent the time which is 


watited of noon, or has elapsed since noon. All this on the globe is 
done without attending to the distinction of sidereal and solar time, 
which need hardly be attended to when no degree 

is wanted than can be obtained ona globe. We now refer the reader 
to works on the use of the globes, 


few indications of the mode of applying spherical trigonometry. 

To find the time of sunrise, observe in the barkal tetinie 
PKN, right-angled at Nn, we have PK given, being 90°+ the sun's 
declination, and also PN, the latitude of the of observation. 


Hence the angle k PN can be found, which being turned into sidereal 
time, gives a good approximation to the time of sunrise, refraction and 
the sun's Se eg motion being neglected. 

Given s1 the sun's altitude, and the latitude of the place; required 
the time of eA In the triangle szP, we now know Zs the sun's co- 
altitude, s Pp which is 90° + declination, and zp the co-latitude of the 
place. Hence the angle s pz can be found, and thence the time from 
noon. If 8, instead of the sun, were a known star, the question would 
be solved in the same way, except that the sun’s hour-angle is no longer 
sPz, but that angle in or diminished by the difference of 
the right ascensions of the sun and star. 

Two known stars, w and s, are observed to be in the same circle of 
altitude s WL at a given place; required the time of day, Here pw 
and ps, the co-declinations of the stars, are known, and also the angl 
WPs, ree} is the ve of _ at eee hence in 
triangle s w P the angle s w p can be found, ence its sup) 
the angle zwr. Then; in the triangle wzP, we know the eee 


.Pwthe co-declination of the star w,and zp the co-latitude of the 


place: whence the angle wrz can be found; and thence, by com- 
parison of w with the sun, the time of day. 

For the actual applications we must refer to mathematical works on 
astronomy. 

SPHERICAL ABERRATION. If a lens or mirror could aceom- 
plish all that we should desire in it, it would refract or reflect rays 
diverging from or converging towards a point so that the directions of 


the refracted or reflected rays should accurately pass a point, 
This however can in general be only approximately Pre sii dia 
failure of the rays to peste fe 3 through a point is termed 
aberration. It depends partly on the form of the surfaces, on 
the compound nature of light itself. The former is termed y 
the latter chromatic aberration. Spherical aberration is of course the 
only kind which exists in the case of a mirror. For the formule 
relating to the spherical aberration of lenses and mirrors, see Lens and 
SPECULUM. 
SPHERICAL ANGLE, [Sruerrcat Triconomerry, &e. 
SPHERICAL EXCESS. [Spuericat Triconomerry, &e. 
SPHERICAL TRIANGLE. Hoey TRIGONOMETRY, &e. 
SPHERICAL TRIGONOMETRY, SPHERICAL TRIANGLE, 
SPHERICS. We shall confine ourselves in the present article to such 
a collection of the properties of a spherical triangle as may be useful 
for reference, a demonstration to the treatise on the subject 
in the ‘ Library of Useful Knowledge,’ and to that on Geometry; 
adding to the former nothing but a shorter mode of obtaining Napier’s 


es, 
By a spherical keno pad is meant that portion of the sphere which is 
cut off by three ares of great circles, each of which cuts the other two 


0 


as ABC, It is now usual, however, to consider the spherical triangle as 
a sort of representative of the solid angle formed at the centre of the 
sphere 7 the planes 4 0B, BOC, CO 4, as follows :—The arcs a B, BO, 
ca, are the measures of the angles ,0B, BOC, COA, and are used for 
them: the spherical angles Bac, ACB, CBA are by definition the 
angles made by the planes BOA and aoc, aoc and CoB, coB and 
Boa. The sperical triangle then has six parts corresponding in 
name to the six parts of a plane triangle; but a side of it means the 
angle made by two ne ey lines of a solid angle, while an angle of it 
refers to the angle made by two planes of the solid angle. 

Throughout this article we shall designate the angles by 4, B, c, the 
sides opposite to them by a,b,c; the half sum of the sides by s. 
And by a’, B’, c’, a’, b,c’, we mean the supplements of a, B, &c., so 
that a + 4’ = 180°, a + a’ = 180°, &c. No triangle is considered 
which has either a side or an angle than 180°, ‘ 

Three circles divide the sphere into eight spherical triangles. 
these four are equal and opposite to the other four, with which 
agree in every respect but one [SysarerricaL) with which we have 
nothing here to do. Of the four which are distinct, if a Bo be one, 
there are three others thus related to it: the first has for its sides 
a, v’, c', and for its angles a,b’, o',; the second has a’,b, ¢’, for sides 


“ 
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and a’, 8, c’, for angles; the third has a’, b,’ ¢ for sides, and a’, 8’, c, 
for angles. Hence every spherical triangle has another, with one side 
and its ite angle remaining unchanged, and all the other parts 
changed into their supplements. 

Again, if the three circles be taken which have a, B, and c for their 
the intersections of these new circles are themselves the poles of 
oa; and, of the eight new triangles thus formed, each 

its angles supplemental to the sides of its corresponding 
the first set, and all its sides supplemental to the angles. 
exists a triangle which bas the sides a’, B’, 0’, and the 
¢; which is called the supplemental triangle of that 
6, c, for sides, and a, B, Cc, for angles. Hence if, in any 
ula, sides be changed into supplements of angles, and 
pplements of sides, the result is also a general formula. 
of a spherical triangle are together greater than the 
and the sum of the three sides is not so great as 360°. Any 
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, Tight angles. 
the greater angle; and the sum of two sides is greater 
or less than, 180°, ing as the sum of the opposite 
to, or less than, 180°. 
solution of a spherical right-angled triangle are 
six in number. Let c be the right angle, and let ¢ be called the 
, a8 distinguished from @ and b, which are still called sides. 

(Crrcutar Parts.] 

1,2. The cosine of the hypothenuse is equal to the product of the 
cosines of the sides, and of the cotangents of the angles : 


cos ¢ = cos a cosh; cos ¢ = cot A cot B. 


3. The sine of a side is the eine of the hypothenuse into the sine of 
the opposite angle: 
sin a = sin c sin A; sin 6 = sin ¢ sin B. 
4, The tangent of a side is the tangent of the hypothenuse into the 
cosine of the included angle : 
tan a@ = tan ¢ cos B; tan b = tan c cos A. 


5. The tan, of a side is the tangent of its opposite angle into the 
side of the other side : 


tan a= tan asin J; tan) = tan B sin a. 


6. The cosine of an angle is the cosine of its opposite side into the 
side of the other angle : 


cos A = cos @ sin B; cos B = cos b sin A. 


These formule are sufficient for every case. Name any two out of 
the five a, b, c, a, B (c being a right angle), and in the preceding six 
formule, by repetition ten, will be found those two combined with 
each of the other three. Thus, having given a side a and its adjacent 
angle B, we find the other parts from 


> tan a - 
tan } = tan B sin a, tan ¢ = Gos p’ 208 A = cos a sin B. 


These formule should be committed to memory: the abbreviation, 
so called, described in CrrcuLar Parts, is only an expeditious mode 
of wasting time. 

When all the angles are oblique, the principal formulm are as follows 
(in most cases we give only one, those for o sides, &c., being easily 
supplied) :— 
sin c 
aa ht cit a? or the sines of sides are to one another 
4s the sines of their opposite angles. 

rides catia oie $.¥ tin ania D coe c. 

8. cos 5 = rf sin (8 — ¢) 


sind sind 


ha Oe sin ( — a) sin (s — 6) 
2 sing sind’ 
© sin (¢ — a) sin (s — b)° M 
4. tan 5 = a/ sins sin (s — c) = sin (s—o)’ 
where m = +/ (sin (s — a) sin (s — b) sin (s — c) + sin 8). 
A+B © cos § (a —b) ‘ 
5. tan —3— = 00 9 cos 4 (a +B) 
A—B c sin 4 (a — b) 
Zz = sing @+oy 
6. cot a sinc = cos ¢ cos B + sin B cot A, 
7. tan @=sinjcJ/sina sind +sin § (a —3), 
gives sin 4 ¢ = sin 4 (a — b)> cos 0. 
8. sind =sinc /sina sin bcos} (a—d), 


gives cos 4.¢ = cos 4 (a — b) cos 8. 


. 


The formule (5) which are called Napier’s Analogies, may be demon- 
strated more easily than in the usual way, as follows. First— 


fn (fa tbs pon At we eee 


1 + tan $a tan} B 
sin (s — c) 

from (4) tan $ a tan} B= Tne > &e. 
sin (s — 5) + sin (s — a) 


tan (4 A + tan 4B). tan}c= 


sins + sin (s — ¢) 

_ 2sin be cos $ (a — b) 
~ 2singe cos 4 (a + b) 
since 23-—-a@—b=c. Hence the first of (5) easily follows, and the 
second in a similar manner. 

The formula (6) is not easily remembered, except by the following : 
—Write the sides in any successive pairs, as ab, bc, ca, or ac, cb, ba: 
change the last three into the corresponding angles giving ab, bc, © A, 
or ac, CB, BA; remembering the formula cos — sin = cot make the 
middle terms cosines, those on the right and left sines, and those on 
the extreme right and left cotangents. We have then— 


cot @ sin b = cos b cos c + sin c cot A, 


(Triconomerry.] tan ($4+48).tan}¢ 


which is a case of the formula in question. 

We now proceed to the different cases of triangles, observing that 
these may be taken in pairs, owing to the property of the supple- 
mental triangle. Thus, suppose it granted that we can solve the case 
of finding the three angles when the sides are given, it follows that we 
can solve that of finding the three sides from the three angles. For, if 
A, B, and c be given, find the angles of the triangle whose sides are a’, 
B’,and oc’. Ifa’, b’, and c’ be these angles, then a, 5, c are the sides of 
the original triangle. Nor is it worth while to separate the several 
cases, since it generally happens that out of each pair one is of much 
more frequent occurrence than the other. 

Case 1.—Given the three sides, to find the three angles. If one 
angle only be wanted, one of the formulm (3) answers as well as any- 

ing If all three angles be wanted, the shortest way is to calculate 
m from 


m= ¥ {sin (s--a) sin(s—t) sin (s—c)+sin st 
and then the angles from 


M M M 
tends = eae 48 = roy bo Goe 


Supplement,—Given the three angles, to find the three sides. Make 
the supplements of the given angles sides, calculate the three angles, 
and the supplements of the last three angles will be the sides 


Case 2.—Given two sides (a and 4), and the included angle ¢, to find 
the remaining parts. If all the parts be wanted, calculate § (a + B) 
and 4 (4 — 8B) from (5), and then find a and B by addition and sub- 
traction ; lastly, find ¢ from one of— } 

. Pe. Cae . sing 
since = sin b Sp sine = sin a FT 
or from both, which will be a verification. But if the remaining side 
only be wanted, use the formula (7) or (8), which gives this third side 
at once, by means of the subsidiary angle @. Or from the extremity 
of the shorter side given (say a), let fall a perpendicular are z on b, 
dividing b into andy. Then— 


tanz=tanacosc, sing = sina sino 
y=b—2, cos¢=cosz cosy. 


Supplement.—Given a side (c) and the two adjacent angles (a and B) ; 
required the remaining parts. Make a/ and B’ the sides of a triangle, 
and c’ the included angle; find o' the remaining side, and a’ and U’ the 
remaining angles. Then oc is the remaining angle of the original 
triangle, and a and b are the remaining sides. To find the remaining 
sides alone, the following formula may be used : 


BO COURSE 
tan “3 Bion | cos 4 (A + B) 

a—b e sin } (A— B) 
tan ~~ = tan 5° gin (a + B) 


Case 3.—Given two sides (a and b) first both less than a right angle, 
and an angle opposite to one of them (A); required the remaining 
parts. This case may afford no solution at all, or may give two 
solutions; it is therefore sometimes called the ambiguous case. The 
formula (6) may be used by the usual introduction of a subsidiary 
angle ; but we should recommend a mn who is not well practised 
in the subject to prefer the following simple method :—From the 
extremity of b which is not adjacent to the giyen angle, drop a 
perpendicular z on the side c,and let 2 be the segment adjacent to 
a. Let a*zand b*z be the les made by a and b with z. And first 
calculate sin b sin a; if this be greater unity, the triangle does 
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than unity, find z from sin z = sin } sin a, and « and Bb from 


A , sind 
tan x = tan } cos a, sin B= sin A =~. 


There are two values of B, supplements of each other, both of which 
are possible answers. Let B the one which is less than a right 
angle, and B’ that which is 

First, when 4 is acute aless than 4. Calculate y from cos y = 
cos @ = cos 2, and 4*2 and a*z from ian 


cot b°z = cos b tan a, cos a": = sa 


There are two triangles which satisfy the data; in the first, 
c= 2—y,B’ is the angle opposite to b, and c = 6°z—a*z; in the 
second, ¢ = « + y, B is the angle opposite to 6 and c = b*z + a*z. 

Secondly, when a is acute and a equal to or greater than}. Cal- 
culate exactly as in the last case, but there is only one triangle which 
satisfies the data, namely, the second of the preceding. 

Thirdly, when « is obtuse, in which case there is no triangle, unless 
@ be greater than }. Calculate (using A as more convenient) 

sin 6 
sin ¢ = sin } sin a’, tan x = tan } cos a, sin B= sin a’ [>> 


Use the value of B which is less than a right angle; calculate d*z and 
a*z from 
. b , 7 tan 2 
cot 6*z= cos 6 tan a’, cos a*z = ian 
Then ¢ = y — x, and c = a*z —B*:z, ‘ 

In the case in which one or both of the sides are greater than a right 
“angle, which rarely, if ever, occurs, it is best to have recourse to one 
of the adjacent triangles described at the beginning of this article, and 
to use it in the same manner as the supplementary triangle has been 
used. It is not however necessary to dwell on this point. 

Supplement.—Given two angles (a and B) and a side opposite to one 
of them (a); required the remaining parts. Let a’ and B’ be the sides 
of a triangle, and a’ the angle opposite to a’. Find o’ the remaining 
side, and / and c’ the remaining angles; then c is the remaining 
angle of the original triangle, and b and c the remaining sides. 

All the cases would need some subdivision to adapt them to cal- 
culation, if it were really often required to solye triangles with very 
large sides and angles. But in application it generally happens that 
the reasoning of the previous part of the process is so conducted as to 
throw the calculation entirely upon triangles which haye at least two 
sides and two angles severally less than a right angle. Divide a great 
circle into three parts, and we have the extreme limit of a spherical 
triangle : the sum of its sides being 360°, and the sum of its angles 
six right angles, But a triangle which should be very near to this 
limit would be best used in reasoning, and solved in ce, by means 
of one of the other seven triangles into which its circles divide the 
sphere, And if one of the sides should be greater than two right 
angles, the remainder of the hemisphere would be the triangle on 
which calculation is employed. And it is to be understood that all 
the formule are demonstrated only for the case in which every side is 
less than two right angles. At the same time we should recommend 
the beginner to procure a small sphere, and to habituate himself to the 
ap ce of cone of triangles. 

e area of a spherical triangle is singularly connected with the sum 
of its angles, on which alone it depends, the sphere being given. Let 
any two triangles, however differently formed, have the sum of their 
angles the same, and they must have the same area. If the angles be 
measured in theoretical units [ANGLE], the formulais as follows: r 
being the radius, 


Area = 2 (a + B + c—2), 
which gives the number of square units in the area, the dg | 


expressed in corresponding linear units. But if the angles be mi 
fn degrees andl Sections Fi dames, ek formula is 


Area = ‘01745329252 + (a + B + ¢ — 180), 


The angle a + B + c — 180° is called the spherical excess, and it ma 
be found at once from the sides by the formula ; f 


sph, ex. 8 &—a s—b s—c 
tan? <q tang ten 9 ten te 


of the lengths of its sides, it is obvious that the sum of the angles 
would undergo a diminution, being reduced to 180°, The es 
beim not are rl banal if the sphericity of the orig 
were , or if it occupied only a small ere, 

the diminutions which the bevardl ang’ . 4 


pro- 
position is one of considerable use in the measurement of a degree of 
the meridian. 

SPHEROGRAPH, an instrument invented in 1856, for facilitating 
the en use b porte in —. &c., being a contrivance for 
construi , without ers or possible spheric triangle, 
and reading off the measures of the mf ; thus in most 
cases 5a’ much time and labour. e of of the 
instrument is limited only by its size, but it been found b 
gators that circles of 5-inch radius will work any question which 
at sea, sufficiently near for the practical of the navigator. 


purposes 
The description of the instrument will be better understood by 
giving some general preparatory hints as to the names of the ordinary 


es of the sphere. F 

In the following figure, No. 1, the observer is sw to be at the 
contre o of a hulloty tetneplateds apihere, Oa whidh usual lines are 
drawn as upon a terrestrial globe. He would see the sun as at 0 upon 
the globe's surface amongst these lines. Rejecting all superfluous. 


Fig, 1. 


circles, &c., and confining our description to such parts as affect the 
sun’s position at the time, we have in jig. 1 what is called a 
jection of the sphere on the plane of the meridian, the primitive ola 
representing the meridian of the place of the observer, H being 

south part of the horizon HR, and n being the north, z will be the 
zenith, N the nadir, c will be the east or west point of the horizon, P 


the north ee, 8 the south pole of the world; a parallel of altitude 


in which the sun is at the moment of observation, dc the sun’s deeli- 
may tw a parallel of 18° distance below the horizon, limiting twilight 
to the 


will be the zenith distance; o f being 


upon the hour circle p fs, 0 P will be the polar distance, & Q the equator, 


zs the amplitude of the sun at setting—the angle Rk Ps being the time 
of sun-set, the angle zPo the time of observation, The small circle 
ds is the semi-diurnal arc, or half the length of the day, and sc the 
semi-nocturnal arc, or half the length of the night (¢ falling within Rw 
there will be no real night, only twilight), ps is the six o'clock hout- 
circle, z.N the prime vertical, &. In the pea only five terms 
are principally used, namely, latitude, declination, time, azimuth, and 
altitude, and what precedes will have fully prepared the mind of the 
reader for the application of the instrument to practical purposes. 

The instrument is composed of two pieces of stout pee isis nicely 
attached, and revolving concentrically upon a pin carefully turned to 
work without lateral motion in an ivory collar. The uppet card has 
the ruled part, on which the lines are described, formed of stout trans- 


parent tracing paper, and it is ruled like fig. 2; having only azimuths 


Fig. 2. 
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and parallels of altitude (it has an oval space cut so as to enable the 
observer to put pencil marks on the under sphere), while the unde 
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one ( fig. 3) hour circles and parallels of declination: for of the 
s rt os given in every spheric triangle, two will fall on 

; 7 Fig. 3. 


three } 


, in illustrati 
that we have given the sun’s altitude 48°, the ion 10° N., and 
the apparent time 11h. a.M., to find the latitude. If we discard all 

Fig. 4. 


the lines that are not necessary to the vorking of this question, we 
shall, in fig. 4, have a view of the spheric triangle under consideration, 
it been merely 
computation, thus : in 


alttude, azimuth, time of sun setting, rising, &c., are at once read off; 
while without the sberegeth the latitude alone would require the 
following Mid (and one illustration of its saving of time and labour 
will suffice) :-— 

After létting fall a perpendicular in fy. 4 from the centre g 
o to x |SruznicaL Tricoyometry], 0d p will be a right angle, 
circular parts in triangle pz o find angle z, thus,— 


As sine zenith distance oz, 42° . co, ar, 0°174489 
Is to sine hour-angle r, 16”. + 9°412996 
So is sine polar distance or, 80° . + » 99933551 


To sine angie z, 180°—22° 23'=157° 37’ =9°580836 
In A dro find dr. 

As cotang. polar distance, 80° 

Is to cosine hour-angle, 15”. 

So is radius . . e . . 


+ co. ar, 0°753681 
« 9984944 
b. 10° 


To tangent side dr, 79°39 =. + =10°738625=79° 39’ 


In Adzo find dz. 


As cotang. zenith distance, 42°. co. ar. 9°954437 
Is to cosine 180°—-157° 37’ = 227 23’ -, 9965981 
So is radius . « . . » .« 10: 


To tangent of dz, 39° 47’ ; r =9°920418 =39° 47’ 
Co-latitude=39 52 
90 
Latitude=50 8 
The is of different forms, to suit special purposes. 
Figures 2 combined, 2 being the upper 


here, t 
its general form for latitude, time, azimuth, altitudes, and dpalind. 


tion ; and it has introduced a new mode of navigating ships in 
places subject to fogs and haze: for instance, the Montreal traders 
use it on the Banks of Newfoundland, by substituting azimuth for 
altitude, in the three things given, when the horizon is entirely 
invisible, the sun being in sight. It also dispenses with double alti- 
tudes, inasmuch as latitude can be as well determined by it froma 
single observation as from two, rendering all elapsed time uncalled for. 
But it is not our purpose to describe these methods in detail. It seems, 
however, that a means of so readily finding the position of a fast-sailing 
steamer when approaching the land is important. ; 

It is well kn that one common source of error in working sea 
obseryations taken at night, is the liability to mistake the name of a 
star. This instrument provides a very handy method of correctly 
bs ca the name of any ‘star of the first magnitude, even when others 
around it are obscured. The inventor of the spherograph, Mr. Stephen 
Martin Saxby, R.N., had noticed that no two stars of the first magni- 
tude had equal declinations in either hemisphere, or were within two 
or three degrees of each other in that respect. By having a list of 
such stars and their declinations on the face of the instrument, the 
name of any star of first magnitude is easily obtained in the following 
manner :—Using merely approximate data, such as latitude, altitude, 
and azimuth, we apply them thus: suppose a star has an altitude of 
about 10°, its true bearing [Brarrye] being N.E., the estimated lati- 
tude of the place being 43° N.; setting the instrument to the latitude, 
the intersection of these three elements would on the line of declina- 
tion be 384° N. Reference to the list of stars on the instrument 
woe at once show that this declination could only apply to the star 
a Lyre. : 

In working a night observation, the finding of the right ascension is 
rendered in the spherograph peculiarly simple, and is divested of all 
liability to error from the aetanitat fault of adding instead of sub- 
tracting, &c. A form of spherograph is prepared for this. (See jig. 5.) 


Fig. 5. 


Noon 


tdhidnight 


The inner circle a revolves upon acentre-pin connecting it with } the under 
part. On this circle the principal stars are delineated according to their 
right ascensions, which are measured on its circumference, and their 
declinations as measured upon a radius. T'o avoid confusion, we omit, in 
the above figure, all but Regulus. Supposeat 212" a.m., on the 5th of 
November, a nayigator was desirous of using as a means of 
obtaining his latitude, &c. On turning the circle till the date 5th 
November, marked on it, coincided with 2"12™ marked upon the outer 
part 6, he would find that a line through Regulus would cut a point 
on the part b at the distance of 54 5" from the part of the circle 
marked Noon. This, then, would be the star's distance from the 
meridian, and would be used in the common form of spherograph 
made up of figs, 2 and 8, as if it were time by the sun. Thus night 
observations are rendered as easy as those taken by day. 

There is another peculiarity of the instrument. Heavy southerly 
gales in the English Channel, when they clear up, generally do so 
by the clouds breaking in the N.W. to N., so that the polar star 
is generally about the first star visible. At such times, the mariner 
eagerly attempts to obtain his latitude, and the form of spherograph 
Jig. 5, is a very great convenience. Suppose he have obtained an 
altitude of the polar star = 50° 5’ at 2" 12" a.m. of 5th November; 
having set the date to the hour as before, the polar index engraved on 
the circle will point to some one of the figures engrayed round the 
circle on the part 5; in this instance it would be to 47’ subtractive ; 
then 50° 5’—47’=49° 18’, the true latitude, to the nearest mile. The 
readiness of the method admits of increased number of observations ; 
and, consequently, by using the means of such observations, the present 
prevailing error from the indistinctness of the horizon is greatly 
diminished. 

We shall only notice one other use of the spherograph as greatly 
curtailing labour of computation—namely, in lunar observations. The 
lines on jig. 6 are thus obtained (and here, in, a knowledge of the 
principles on which the lines are constructed is not at all necessary to 
the successful use of it) :— 

Taking advantage of the circumstance that refraction varies nearly 
as the tangent of the zenith distance, and as tan. 45° = radius, we take, 
in the projection for refraction, the radius as the refraction at 45° 


‘ 
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zenith distance. It fortunately happens that 584, the number of 
seconds in the refraction at 45°, nearly corresponds with the number of 
minutes in the mean horizontal The same diagram does 
therefore for both parallax and refraction, substituting seconds for 
minutes. 

In the following fi (6), therefore, c a, or © M, or CD = moon's 
horizontal ; zoe = apparent distance between the sun and 
moon, & being the moon's place in the figure and s the sun's; or the 
arc M8 = apparent distance. ME =the moon's zenith distance, or, as 
every part of the small parallel of altitude, Fz, is equally distant from 
M, CH on the line of sines will equal the moon's altitude. 

And again, 87 will be the sun’s zenith distance, and therefore 0K on 
the line of sines will equal the sun's altitude, ap being the moon's 
horizon and Ar the sun’s; H £ will be the moon's parallax in altitude ; 


Fig. 6. Fig. 7. 


bP nH ¥% S ‘ As 


= 


and HE: CD:: cos. ED; radius, or the moon's parallax in altitude = 
hor. pax. x cos. moon's alt. 
radius ’ 

And in the orthographic projection of the lunar triangle M8z on a 
scale where radius is = moon's hor. parallax, or cD, the angle is the 
angle at the moon corresponding with the angle c in the usual lunar 
construction, as in fig. 7; and CN (the distance of the orthographic 
great circle MN ing through z, where the sun’s and moon’s horizons 
coincide) is the cosine of this compared with radiuscp. But op: 


De ee endlie 
us 


CN !:HE: HZ; or HZ is the correction for parallax= 


measured from uz by the scale of chords from the nature of the pro- 
jection. (In fig. 7, co’: cp :: rad. : cos. c, cc’ being the moon's 
parallax in altitude, and cp the correction for parallax.) In jig. 6, 
moreover, MR=tangent of moon’s zenith distance, in seconds for alt. 
45°; Pp, correction for moon's refraction in seconds ; s V = correction 
for sun’s refraction in seconds. Such being the principles on which 
this part of the spherograph is constructed, the following is the form 
of each of the parts :—The under sphere has its line Mc crossed by 
parallel circles drawn to the scale of sines, or on the orthographic 
projection ; these are again crossed by lines parallel to Mo, OD being 
divided into 60 parts by the line of chords (being very nearly 58"-4 of 
refraction at 45°, as above). 

The practical use of the spherograph in correcting a lunar distance 
may be thus briefly illustrated: suppose, for example, the apparent 
distance given=72°, the moon's altitude = 26°, the sun's altitude=32°, 
and the reduced horizontal parallax = 59’. Moving the circles concen- 
trically until a and s are moved 72° apart in jig. 6;=the ap, t 
distance, where the two horizons ap and 0 7 cut each other, will give 
a point which, counting the vertical lines from m 0, each will be one 
minute of correction (as read upon cD); this correction, multiplied by 
a number taken from a small table printed on the back of the instru- 
ment, gives at once a correction for the distance, thus :— 

The number read oncy = s ‘tes et 

The tabular multiplier = . A .°952 
3808 
1904 


22°818=22' 51” 


The apparent distance ° * -7s° 0’ oO” 


Sum of corrections (subtractive) . ee 22 51 
True distance by spherograph . . - 71.37 9 
Elab logarithm calculation gives . .71 37 8 
1” error. 


When the intersection of the horizons falls on the right of Mc, 
the correction is subtractive ; when to the left, it is additive. The 
spherograph is especially useful to check observations when worked out 
1 thms, and imparts confidence to a navigator. A little work 

y Longman and Co., called ‘ Calculation and Projection of 
Sphere,’ plainly illustrates the general mode of spheric con- 


on. 
SPHEROID, a name given to the class of surfaces which are formed 


by 
pu 
the 


.| being thus represented, In E; 


by the revolution of an ellipse about either its longest or shortest 
diameter. When the longer diameter is the axis, the spheroid is 
called prolate; when the shorter, oblate. The earth is an oblate 
spheroid, or very near indeed to such a figure: hence the oblate 
spheroid is of much more importance than the prolate one, The 
general properties of the spheroid are either those which belong to it 
ol atesqort —— Sofeer ea ra Srconp pain or those 
wi are ul in esy, and which belong more to the generating 
ellipse than to the surface. 

SPHEROIDAL CONDITION OF LIQUIDS. paneer | 

SPHINX. The name applied in glyptic art to combinations of 
lions’ bodies with other forms; that with a human head being called 
androsphinx, with a ram's criosphinx, and with a hawk’s 
They appear to have been derived from Egypt, where they were 
soulptaced 00 ree kings and queens, and they 
expressed in the hieroglyphic texts the idea of lord, or akar 
victory, or the sun on the horizon. In Egyptian art they are 
sented couchant, with a human head, the portrait of the wach | 
personify ; and recent excavations at Tanis have shown that they are 
as old as the 17th dynasty of Shepherds, the king Apepa or Aphophis 
gyptian art they are rarely winged, the 
only example being the sphinx of the queen Mutnemt at c 
Thothmes III. and other monarchs, even the young Alexander and 
Ptolemies are personified as sphinxes, and there are some small é 
in Euro collections, as one in the Louvre, at Paris, of Rameses = 


Amenophis III. at St. Petersburg; but the largest is that «Bich, of 


god by Thothmes IV. and RamesesIL, It was 
case and surrounded by a kind of ibolos, having a temple of 
alabaster and granite attached to it, in which was a well with 
Nile water, into which had been thrown seven statues of green and 
yellow breccia of the monarch Shafra, or Kephren, the builder of 
the second pyramid. Winged sphinxes are often seen in Assyrian and 
Babylonian art, and seem to represent deities or monarchs under this 
form. 

The few remains of Phoenician art show that this people had 
adopted the form of the sphinx, probably from Egyptian sources, and 
the Etruscans seem to have derived the same from their oriental con- 
nection, their early works of art being often decorated with repre- 
sentations of this monster. The same may be also said of the Greeks 
and other” cognate races, winged sphinxes being a common type in 
Greece, Lycia, and other localities. At the earliest period 
sphinxes have recurved wings, but_on some later monuments 
are unwinged. They have the face and breasts of a beautiful bu 
cruel female, the body of a lioness, and sometimes the tail of a dragon. 
According to the earliest myths, the Sphinx was the daughter of 
Typhon and Echidna, Orthus or Typhon and Chimera, and being 
sent by Juno to punish the Thebans, proposed a fatal riddle or 
enigma which was solved by C£dipus, and the Sphinx destroyed, 
Sphinxes are also found in India as the ornaments of tem: 

(Mariette, Aug., Revue A ique, 1860, p. 18-20, 1861, p. 20; 
Birch, Mus. Class. Antig. II. p. 27; Vyse, Pyramids, III. p. 107; 
Letronne, Jnser. Grec. ii. 460-461; Champollion, Lett. @ M. le Due de 
Blacas, 8vo. Paris, 1824; Layard, Nineveh ; Winckelmann, Werke ; 
Voss, Myth. Br. ii. p. 22; Miiller, Arch. d. Kunst, p. 700.) 

SPIGELIA MARYLANDICA, Carolina pink, perennial worm-grass, 
or worm-seed; a perennial herbaceous plant, native of the southern 
states of the American Union. It is from six inches to two feet high, 
leaves opposite, sessile, ovate, and acuminate. The root has a short 
caudex, from which issue numerous fibres; all which parts are of a 
yellowish colour when first dug up, but become black on drying. It 
is collected by the Indians, and sold to the white traders, ——— it 
in casks, or make it up into bales, weighing from three h to 
three hundred and fifty pounds. The odour of the fresh plant is 
disagreeable, the taste sweetish, slightly bitter, and nauseous. The 
leaves are less potent than the root, which consists of woody 
fibre 82, a poles inciple like tannin 10; bitter acrid extractive 
4; and an acrid resin; also a fixed and a volatile oil. Both the 
resin and extractive have emetic properties. Spigelia has slight narcotic 
powers, and in large doses causes vomiting and purging. In America 
the fresh plant has decided anthelmintic virtues, but it is only useful 
against the Ascaris lumbricoides, or large round worm. In Europe lit 
is little used, having lost much of its ee by long keeping. Dr. 
Barton recommends it as a cure for the infantile remittent fever, 
which often terminates in hydrocephalus, or water in the head. In 
such a case it acts beneficially by removing the worms, the irritation 
of which, when propagated to the brain, gives rise to the more serious 
disease. But the expulsion of the worms by any other and the 
exhibition of any tonic and astringent, like the tannin of the Spigelia, 
will prevent their recurrence. [ANTHELMINTICS.] 

Spigelia is given in powder, or as an infusion or decoction. It is 
usually combined with senna or some other purgative, but it is better 
to give it alone, and follow its administration by a dose of calomel and 


jalap. 
The Spigclia Anthelmia, a native of Brazil, which is a, much more 
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potent plant, is sometimes mistaken and given for the other. It 
contains an alkaloid called spigelina, which is volatile, somewhat like 
nicotina, the effects of which it also resembles, causing formidable 
narcotic ptoms, to which lemon-juice, sugar, or carbonate of potash 
is said to be an antidote, 

SPINA BI'FIDA, or cleft-spine, is a disease commencing in fetal 
life, and which consists in an imperfection of the posterior part of the 
spinal canal. It is almost always accompanied by an excessive secre- 


the spinal canal as that which, existing in 
us. The two are indeed not 
'y coincident ; and spina bifida is sometimes called hydro- 
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of each vertebra [SkeLeTon, in Nat. Hist. Drv.] is 
and ossified in two pieces which meet behind in the middle 
base of the spinous process. This is also developed in two 
ions which subsequently unite together and with the arch, 
so as to form the one piece of bone which we find in the adult closing 


a 


arches of the vertebre goes on during an early period of foctal life, 
while the spinal column is ane, Soares eee Samet Ee weinel 
_canal and arachnoid sac is being constantly secreted. If this fluid be 


a sac containing the excess of fiuid will i 
ment and ossification of any or all of the arches take place more slowly 

it should, then a secretion of not more than the ordinary quantity 
spine 
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quantity of the spinal fluid; for it seems a general law 
other things being equal, the quantity of fluid secreted in each 

i 2 yp, ga sr ordain anes heman he een 
i it is poured, 

Spina bifida is almost always characterised by a tumour situated 
over the defective vertebre, globular, elastic, and fluctuating, often 
attached by a narrowed base, and varying in size according to the 
extent of the fissure in the spinal canal. It is usually covered by 
healthy skin, and consists of the dura mater, and one or more of the 
other membranes of the spinal cord, protruded in a sac through the 

between the separated arches, and filled by a clear serous fluid. 
On p tumour the patient may become insensible, or be 
convulsed ; for the fluid within it communicating with that within or 
around the brain and spinal chord, the pressure made upon it is felt 
with equal force by the whole of those organs, The parts of the body 
tame the tumour are often paralytic, not from the pressure of the 
fluid, for that is equally diffused, but from disease of the cord coinci- 
dent with that of the arches. 

Spina bifida is most common in the lumbar and sacral regions, in 
which the vertebral arches are latest completed ; it is most rare in the 
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neck, and is there also most dangerous, because of the great number of 
nerves which, by the coincident disease of the spinal cord, may be 
general health : 


lysed. It does not commonly interfere with 

-by the friction to which, when the tumours are large, the skin is 

su , and by the distension uced by the increasing secretion 

of fluid, the sac is liable to i and ulcerate, till, exposing the 

inal cord, or its membranes, death is produced by their inflamma- 

on; or, the quantity of fluid secreted may be so great as to produce 

death by its on the cord and brain, in a manner similar to 
that in which hydrocephalus often terminates. 

In one of these modes, spina bifida, when accompanied by excessive 
secretion, almost always terminates fatally, though patients may survive 
with it for ten or even twenty years. Life may generally be prolonged 
by maintaining a gentle even pressure upon the tumour, so as to 
supply the necessary resistance to the effusion of more fluid. In a 
few cases a evacuation of the fluid, and then firm pressure 
upon the sac, has been found successful; and lately, M. Tavignot has 

some cases which he cured be slicing off the tumour, and 


instantly bringing together the edges of the mouth of the sac, and so 
holding them Ull they had united snd formed « firm cicstrix. 
That just is by far the most common form of spina bifida; 


others more rare are those in which not the arches only, but the bodies 
of the vertebra also are cleft, the two lateral ns in which each is 
developed being kept apart, so that a ion of the spinal canal is 
infront to the cavity of the en. Some differences of 
also depend on the seat of the fluid secreted: it is generally 
in the sac of the arachnoid, but sometimes is in the tissue of the pia 
mater, or in both it and the sac, or, yet more rarely, in the central 
canal of the spinal cord. ' 
SPINA VENTO'SA is a term now obsolete, which was applied by 


old surgeons torabscesses in bone, accompanied with excessive swelling, 
and then to nearly all the diseases indi inately in which either 
bones or j become enlarged. 


SPINACH. One of the species of this genus, the S. oleracea, the 
common b, is well known on account of its use in the kitchen, 
Tt has an herbaceous stem one or two feet high, branched, and hollow ; 
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arrow-shaped leaves; male flowers in long spikes, abounding with 
pollen ; female flowers on another plant, axillary, herbaceous, and small. 
The fruit is a small round nut, which is sometimes very prickly. 

There are two principal varieties cultivated in gardens, the prickly- 
fruited, with triangular, oblong, or sagittate leaves, and the smooth- 
fruited, with round or blunt leaves. The former is considered the 
hardiest, and is therefore employed for winter culture; the latter is 
used for summer crops. Of these varieties there are several .sub- 
varieties, varying in the size, thickness, and shape of their leaves. 

For the winter crop the seed is sown at the beginning of August. 
A light, dry, rich soil should be preferred, and, if possible, in a 
sheltered situation. When the plants have put forth two pair of leaves, 
the ground should be hoed and the plants thinned. By October or 
November the outer leaves of the spinach are fit for use. In February, 
when fine weather occurs, the plants should be again attended to, 
cleaned, and thinned out, and in this way it may be made productive 
till April or May, by which time the summer sort will be ready. The 
first sowing of the round-leaved spinach or smooth-fruited should take 
place at the end of January in some sheltered border. This crop 
should be successively thinned out till the plants are eight or ten inches 
apart. Successive sowings may be made, in order to ensure a constant 
supply in February, March, and April, and, if desirable, these sowings 
may take place between rows of cabbages, &c. 

Spinach is often sown in narrow drills, which is rather more trouble- 
some at first, but this is made up for by the facility with which 
clearing, thinning, and gathering are afterwards accomplished. 

For preserving seed, those plants which are of the most stocky 
growth should be selected. The winter crops run up soonest, but seed 
may be obtained from spring crops in July and August. The-new 
seed is the best for sowing, although it will keep very well for a year. 
When the plants are saved for seed, the male plants, which are easily 
distinguished by their flowers, may after fertilisation be drawn and 
thrown away. 

Spinach is sometimes grown by the farmer for the purpose of 
obtaining a crop of seed for the uses of the gardener. In the selection 
of land for this purpose, care should be taken that it is finely prepared 
by ploughing and harrowing in the early spring, and some well-rotted 
dung should be ploughed in where the soil is not of the best quality. 
When the spinach has blossomed, the male plants should be drawn 
out, which serve at this time as excellent food for pigs, and might be 
given to other animals with advantage. There is much uncertainty 
about this kind of crop; sometimes, however, it turns out very 
advantageous. 

SPINAL IRRITATION. This term has been applied to those . 

functional disorders of the spinal cord and its nerves, which do not 
readily fall under the definitions of diseases of the same organs having 
more i ptoms. Under the heads Trranus, Coorg, Hys- 
TERIA, Neurauera, HyprorHostis, and Paratysis, will be found de- 
scriptions of definite derangements of the spinal cord and its nerves. 
But there is a general state of the nervous system in which some of 
the symptoms of one or all of these diseases may occasionally be pre- — 
sent, and in which there is very commonly present, pain in the spinal 
column induced or increased by pressure or percussion. ‘To this state 
the term “ spinal irritation” has been applied. What the precise con- 
dition of the nervous system is in this disease it is impossible to say, 
but the general theory of its nature is that the spinal cord at some one 
or more points is congested, and that this congestion acts upon the 
sensitive or motor nerves proceeding from this part of the cord, 
and gives rise to the pains, spasms, and other anomalous symptoms 
complained of by the patient. This condition is not unfrequently 
referred to hysteria, but as it may come on in the male as well 
as the female, there is evidently an impropriety in the use of this 
term, 
It would be quite impossible to describe here all the nervous 
symptoms that may be referred to spinal irritation. Wherever nerves 
of motion and sensation are distributed they may become disordered, 
and thus there is no organ or part of the body that may not be the 
seat of excessive pain or ae of sensation, of spasmodic or con- 
vulsive action, and of a paralysis of motion. Such symptoms when 
they are not fixed, and are connected with pain on pressure of the 
spinal cord, are said to depénd on spinal irritation. Whether these 
symptoms depend on a morbid condition of the spinal cord, or of the 
muscular or nervous tissue, or of the blood, are still questions 
admitting of discussion. : 

The treatment of these cases has been directed very much by the 
theory held with regard to the cause of the nervous symptoms. ‘Those 
who advocate the theory of congestion of certain portions of the cord, 
recommend the employment of counter-irritants over the tender part . 
of the spine, whilst, those who believe that they arise from an under 
nutrition of the nervous and muscular tissues, recommend a treatment 
addressed to the restoration of the nutritionary powers of the system. 
Those who think the blood is the source of the disorder, likewise adopt 
the same general principles of treatment. 

Whatever may be the theoretical views held with regard to the 
nature of the ptoms, known under the name of spinal irritation, 
there seems to be a general agreement that they come on in asthenic 
states of the system, and that antiphlogistic measures must not be had 
recourse to without great caution. ; “ 
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Relief from pressing occupations, a nutritious diet, change of air, 
cold bathing, the ions of iron and quinine, are the great means 
that must be looked to for the cure of the disordered states of the 
nervous system. When the painful symptoms arise from over-exertion 
of the muscles, as is often the case, artificial support may be given 
with advantage to the particular muscles. Friction over the seat of 

in, and the application of stimulants, as turpentine, ammonia, and 

randy, in the form of embrocation with oil or glycerine, has been 
found very beneficial. Where the pain is very acute, or the muscular 
action excessive, sedatives, as opium, henbane, and belladonna, may be 
given internally and applied externally. Rei 

(Laycock On the Nervous Diseases of Women ; Bennett, The Principles 
and Proce of Medicine; Inman, The Phenomena of Spinal Irrita- 
tion, 

PINET, a musical instrument of the harpsichord kind, but differing 
in shape and power, formerly much in use, though now a 
superseded by the piano-forte. The Spinet had but one string to eac 
note, which was struck by a quilled jack, the latter acted on in the 
usual manner by a key. The tone was, of course, comparatively weak, 
but pleasing, and as the instrument was small in dimensions and cheap 
in price, it answered the purpose of those who did not find it convenient 
to purchase a harpsichord. The outline of its ordinary form was 
nearly that of a harp laid horizontally, supposing the clavier, or key- 
board, to be placed on the outside of the trunk, or sounding part, of 
the last-named instrument, 

SPINNING. There are two entirely distinct manufacturing opera- 
tions to which this name is given—the one relating to animal and 
vegetable fibres, and the other to certain soft metals. 

Fibre Spinning.—This kind of spinning consists in forming a flexible 
cylinder of greater or less diameter, and of indeterminate length, out 
of vegetable or animal fibres, arranged as equally as possible alongside 
and at the ends of each other, so that, when twisted together, they 
may form an uniform continuous thread. The primitive modes of 
spinning by the spindle and distaff, and by the spinning-wheel, which 
are still extensively practised in the East, and not entirely superseded 
in some remote districts of Scotland, only enable the spinner to produce 
a single thread; but with the almost automatic spinning-machinery 
which has been called into existence by the cotton manufacture, one 
individual may produce nearly two thousand threads at the same time. 
The history of the series of inventions by which this result has been 
gradually attained has been already given under Corron Manvrac- 
TURE; together with wood-cuts and descriptions of some of the 
chief machines. The spinning of flax, silk, and wool partake of the 
same general character as that of cotton ; so far as they differ they will 
be found noticed under Liven Manuracture; Sak Manuracrure; 
and Wooten anp Worstep MaNuractTurE. 

Metal Spinning.—This is a peculiar branch of Birmingham and 
on ery ne in which articles of use and ornament are pro- 

uced without forging, casting, stamping, or cutting, by bringing into 
play the ductility of the metal. . The Taotal employed is chiefly one or 
other of the soft mixed white metals, such as Britannia metal. Tea- 
pots, and such-like articles, are shaped in this metal almost entirely by 
the process of spinning. There is first a wooden mould, of 
the exact size and shape ; and this mould is fixed upon a lathe. Thena 
cireular piece of the thin sheet metal is taken and fixed temporarily 
in contact with the bottom or flat surface of the lathe. Burnishers 
and smooth tools are then pressed cautiously against the metal, while 
the mould is rotating, and made to conform to all its curvatures— 
stretching out a little to cover the convexities, and compressing a little 
to cover the concavities. The ductility of the metal alone enables it 
to do this; the bending takes place gradually, so as to enable the 
particles of the metal to accommodate themselves to their altered 
position. Teapots, plated candlesticks, dish-covers, bell mouths of 
musical instruments, &c., are made by a succession of processes of 
which this is the chief; and a large quantity of cheap Birmingham 
jewellery is worked into form in a similar way. 
+ SPIRAL, a name belonging properly to curves which wind round a 
point in successive convolutions. e easiest mode of representing 
such curves algebraically is by means of polar Coorprnares : hence, in 
many of the older English works, any curve referred to such coordi- 
nates is said to be considered as a spiral. Thus we have the circle 
considered as a spiral; the ellipse considered as a spiral, and so on. 
The rest of this article is intended only for those who have some 
knowledge of the mathematical part of the subject. 

lf r be the radius vector of a curve, @ the angle which it makes with 
a given line, and r= (6) the equation of the curve, it is obvious that 
if ¢@ be a common trigonometrical function of sin @,cos 6, &c., the 
curve will not have an unlimited number of convolutions. The whole 
of the curve from @=2x to 6=4z, will be merely a repetition of that 
from 9=0to0=2. Thus, r=sin @ is the equation of a circle of a 
ee leet ea at the origin to the line trom which # este ont ; 
the fifteenth half-revolution of the radius vector is only the fifteenth 
description of this circle. It is then only when the angle 0 occurs 
independently of trigonometrical A rpg! that any curve is repre- 
sented which can properly be ed a spiral. Thus, the spiral of 
Archimedes, or Conon, of which the equation is r=a0, has a convolu- 
tion in which r changes from 0 to 2xa, while @ changes from 0 to 20; 
another, in which r changes from 2xa to 4ma, while @ changes 


from 2x to 4x,and so on. The principal spirals to which distinet 


names have been given, are— 


1, Spiral of Archimedes . .  . 
2. Reciprocal Spiral . 9. .., 
3. Lituus . ¢y. laa eR ae va che =a 


with some others of less note. The figures of these spirals are given 
in all books on the application of algebra to A 
It has hitherto been universal to consider @ manner which 
has deprived these curves of half their convolutions; this has been 
done by refusing to entertain negative values of the radius, For 
example, in the spiral of Archimedes r=a0, a vege positive quantity, 
the curve is supposed to have no convolutions when @ is negative, or 
when the radius revolves negatively. The consequence is, that the 
curve begins abruptly at the origin. It would be a matter of little 
importance to insist on the existence of the additional branches which 
belong to the negative radii, a were = acts “ romp 
representing curves, by means of rectangu i , alwa: 
the additional branches : so that, ifsve refuse to receive the fatter as 
coming from the polar equation, we have only the alternative of sup- 
posing that the mere transformation of coordi destroys a part 


the curve. In the spiral of Archimedes, for example, the rectangular — 


and polar equations are— 
a ‘i 
pmo MEA . r=. 


The first, treated in the usual way, gives a curve of which there is 


beginning with oadcd. But the second equation, which is only the 
first in a different form, does not yield any of the } c 
volutions, unless by means of the negative values of the radius vector 
answering to negative values of @. 5 Tie 
ee en r is to be treated, is as 
Every line passing throug origin, as Po Q, makes two 

angles with the positive side of the axis of z, POD, less than a right 
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angles are different, oP 

straight line Q oP is 
make with o p, let the bounding direction of that angle be the posi 
direction, and the other direction negative. Thus, when po D is 
angle, 0 P is positive and 0q negative: when Qo D is the angle, o 
positive and op negative. In this manner it will be found 
first three of the four spirals above enumerated have never been 
pletely drawn. There is little need to insist much on the necessity 
the extension here described : one more instance may suffice, Let the 
reader trace the curve whose equation is— 


Qy? = 1 — 4a — 2a? + V1 — 8a, 


derived from r=1—2 cos 6. The rectangular equation gives a curve 
of two loops, of which the polar equation will only yield one, un- 
less negative values of r be employed, in the manner aboye 
described. Nevertheless, if the process had been inverted, and the 
polar equation deduced from the rectangular, we should have found 
r= +1 —2 cos 0 for the former ; 4nd the effect of the double sign is 
that the positive values of r only, in the two equations r=1—2 cos 0, 
and r= —1—2 cos 8, will give the complete curve deduced from the 
rectangular equation. As far as this instance goes, it might seem as if 
the completé polar equation, as reduced from the ‘rectangular’, would 
give the whole curve by means of positive radii ; though at the same 


time a single instance hardly proves . But even granting 
passage from Lin tceadp car Go thar poldtatieatlae et oh 
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that the 
give forms enough to the latter to trace the whole curve from ive 
radii, it remains indisputable that the other transition, from the 
polar to the rectangular, requires the negative radii to’ be taken into 
account. ; 

SPIRE Ge ery Been ob Pabaatie in Frond MAA tn 

(in itze, or tze; in Fren 4 

Gothic architecture, is used to designate the ta; dal mass 
erected on a tower by way of finish and ornament, origin of the 


second set of con- — 


SPIRE. 
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ee ee ee means “atone ners, 

ity is that it arose out of the peaked roof usually given 
to campaniles and towers of a preceding period, which form was after- 
wards gradually improved upon and refined, till it eventually grew up 
2 On ee The tower of Than church, Normandy, 
engraved ‘under Norman Arcuirecturn, may be referred to as an 
example exhibiting the rudiments of the spire, it being no more than 
a steep peaked roof or low pyramid, whose height does not exceed 


very or lofty proportions, the spire is almost 
unknown, for such towers have seldom more than a mere pyramidal 


ly together upon the same tower. But however 
slender in their proportions such spires may otherwise be, they have a 
i loftiness 


actual is widely different; because in the latter case the 
diagonal breadth of the aquare tower below is cut off, and each side or 


plane of which the spire is composed becomes a much more pointed 
triangle. Besides a er ot par erating: see 
contrast and variety highly fav to effect in the Pointed 


progressive transition from the mere peak or pyra- 
i i , however, be clearly 
est deviations from the 
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was reduced by the sides of the 
being made to terminate in gables cutting into, and theref 
i ire itself. Many of 
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pyramidal covering of the square tower at 
church at Gelnhausen, of which the portion above 
mere capping. this country the spires in the 

style, were usually much less acute 
i feature arrived 
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loftiness upon the whole- 


of spires of this Second Pointed od is commonly very graceful and 
refined, a well-considered rina often pr tel me the spires of 
Salisbury Cathedral and St. Mary’s Church, Oxford, are well known 
and admirable examples of this period. ~ ; 

_ Spires vary much in character. In this country a spire set imme- 
diately upon a tower without any parapet, &c., at its base, is technically 
described by the term broach. ‘There are indeed so many peculiarities 
in spires, that it is highly desirable to have descriptive terms for them. 
First, as regards its base, a spire may be said to be cluster-based when 
surrounded below with pinnacles connected with it, and from among 
which it seems to spring up; of which kind St. Mary's, Oxford, is a 
celebrated example. The Hétel-de-Ville, at Ypres, has a spire clustered 
with four exceedingly tall pinnacles or lesser spires. Where there 
are windows placed against a spire, rising upright like the dormers or 
lucarnes on a roof, the term Zucarned would express that character; we 
have therefore not scrupled to make use of it in the annexed table of 
spires, where it is applied, among others, to those of Lichfield cathedral, 
which have several tiers of such windows, and are described accordingly. 
Where the height does not exceed two diameters of its base a spire 
might not inconveniently be termed a stwmp-spire. Orocketed and 
banded are terms requiring no explanation; but in regard to the first 
it may be remarked, that spires, otherwise quite plain, are sometimes 
ornamented with crockets along their edges ; and with respect to bands, 
they are sometimes little more than string-mouldings, but in other 
cases broad and enriched surfaces. Many of the spires in Normandy 
are ornamented with such a number of bands, that they form alter- 
nating courses with the plain spaces between them. Finialled is a 
term which does not apply to any of our English spires; but that of 
St. Stephen’s, Vienna, and some other continental spires, have an 
exceedingly large and rich finial, which ornament gives them a par- 
ticular boldness of expression. The Tabernacle-spire also is one of which 
there isno example in this country, but of which the one just men- 
tioned, and those of Strasburg, Ulm (as designed), Thann in Alsace, 
and many others, are specimens, the tower and spire being carried up 
from the ground in a succession of diminishing stages, all profusely 
adorned with pannelling, niches, canopies, pinnacles, and other taber- 
nacle-work, in such a manner that it is barely possible to distinguish 
where the upright portion or tower terminates, and the spire itself 
begins, the latter seeming little more than the uppermost stage in con- 
tinuation of the rest. Neither have we any instances of Open-work 
spires, or of such as, if not actually achat are yet entirely covered 
with That at Freyburg, and those at Burgos and Batalha, 
are exceedingly rich specimens of the kind. The chapter-house of 
Burgos also a series of very large pinnacles or small spires of 
tabernacle character. Cambrai and Esslingen on the Neckar afford 
other examples of open-work spires. 

There are various other circumstances which, though they do not 
affect the spire itself, produce greater or less difference in regard to the 
character of the structure of which it is a component feature. Very 
much, for instance, depends upon its situation in the general plan ; at 
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Remarks. 


Date about 1350. 


Date about 1220, 


Six diameters high. 

Three enriched bands. Nearly 5 diameters. 

Plain, rather more than 5 diameters high. 

Lucarned, 5 tiers of windows. Nearly 5 diameters high, 

Lucarned, 4 tiers; 4} diameters high. : 

Pinnacled and lucarned below; banded with two broad rich bands; else quite plain. Both 
tower and spire fell, Feb, 21, 1861. f 


Spire itself quite plain, Laer with a canupied window below, on four sides, Embased by 
an 


very rich Pp P 
Embased with lofty pinnacles and flying buttresses. Crocketed. 6 diameters. 
Lucarned, crocketed, large crocketed pinnacles at base. 
A very beautiful example. Spire 5 diameters high. Date about 1350. 
This tower and spire a very fine example. ; 
Date about 1260. Base without parapet or pinnacles. Lucarned, 4 tiers. 
Two west spires enriched with tracery, and crowned by large finials, 


On south side of church. Example of a tabernacle tower and spire. 
Tabernacle example, Tower and spire in centre of west front. 

Rich open-work spire. Tower and spire in centre of west front. 

Two west towers and spires. Base of spire gabled. Spire 44 diameters. 
Two west towers and spires. Base of spire gabled. Spire 4} diameters. 
Two west towers and spires. Base of spire gabled, Spire 4} diameters, 


Two west spires, the north-west, or “ New,” spire loftier and more enriched than the other, 
Two west spires. The north-west spire has 6 broad bands; the other plain, Diameter at base 


Base of spire 24 feet, Spire has 9 bands, with small hexafoil, quatrefoil, and trefoil apertures 


Base of spire less than tower. 


Spire 2} diameters, 


{wo short or stump but very rich open-work spires, at west end. Date of spires 1442. 


Cologne (as designed) . .| 330 200 530 
. . «| 364 110 474 | Two west towers, only north-west spire, 
St. Stephen’s, Vienna . 235 180 465 
Ulm (as designed) . «| 820 171 491 
Freyburg .- . + ow} 221 159 380 
Sd, th poe ee 88 | 272 
Nirnberg, St. Laurenco ./ 180 90 270 
Nirnberg, St. Sebaldus 170 90 260 
“ee 1 lagen ae 366 | Two west towers, only north-west spire. 
Chartres.““New Spire”. ve oe 371 
Bayeux . . . | 142 104 246 
27 feet. : 
Cnen, St. Stephen’s . 155 107 262 | Lucarned at base and banded. 
Caen, St. Peter’s « +} 184 110 244 
tt Crock 
Batalha . . + o| 113 57 170 | Very rich open-work spire. 
Burgos Cathedral . . ed os 280 
115 105 220 


Lucarned, banded, lower band richly moulded and quatrefoiled, and surm 
Diameter at base 27 feet. 


Diameter at base 19 feet, 


ted by fieurons, 


527 SPIREIN, 


SPIRIT-LEVEL. 


Salisbury and Norwich, the spire is raised upon a tower at the inter- 
section of the cross, or in the centre of the plan; whereas in most 
continental cathedrals and large churches there are two spires on the 
towers of the west front, though in some (Strasburg, Ant- 
werp) only one has been erected. Several, however, have a single 
tower and spire in the centre of the west front (Ulm, Breybure, Tbann 
in Alsace), in which case the tower itself begins to diminish almost 
from the ground, and the whole becomes what we have described as 
of the tabernacle character. In most of our English churches (not 
cathedrals) the spire is placed a a tower at the west end, as at 
Grantham, Louth, Bloxham, &e, If we except Peterborough, where they 
are very diminutive, the only English cathedral which has two western 
spires is Lichfield, which is further remarkable as having a central 
tower and spire also, Besides the richness and variety thus produced, 
the larger central spire serves to balance the whole composition, 
whereas else the body of the structure is apt to look low'in comparison 
with the west end. At St. Stephen's, Vienna, the tower and spire are 
singularly placed on the south side of the edifice, it having been 
intended to balance them by a corresponding tower on the north 
side, At Gelnhausen, on the contrary, there is a group of spires at the 
east end. 

Though so much depends aoe the proportion of spires to their own 
diameters and to the height of the towers, almost the only thing that 
is specified in the usual description of spires is the entire altitude from 
the nd, which single measurement, poorwege va we by others, gives 
no idea of the relative dimensions of the spire or how it is proportioned. 
Some of the loftiest spires, as they are popularly termed, are by no 
means lofty, being not above a third of the entire height, and not more 
than four of their own diameters. The spire of Strasburg, for 
instance, is only 110 feet out of 474, or less than one-third of the tower 
itself. At Antwerp again the = is a mere peak crowning the upper- 
most of the tower, while the tower itself is twice as high as the 
roof of the church. If we compare Salisbury with Norwich, the spire 
of the latter cathedral will be found, though of less dimensions, much 
loftier in relation to the rest than the other, being in the ratio of 163 
to 308 feet, while Salisbury is only 197 to 404. We have, therefore, 
drawn up a short table of spires {see preceding page) showing, 
where we can, the separate as well as united heights of the respective 
towers and spires. 

SPIREIN. (C,,H,,0,,!) The yellow colouring matter of the 
meadow-sweet (Spiraea ulmaria). It is a crystalline yellow powder 
insoluble in water, but very soluble in alcohol and ether. The dilute 
solution is yellow, but becomes dark green on concentration. It 
possesses a slight acid reaction, and cannot be volatilised, without 
decomposition, 

SPIRIN. [Saticyrrc Grovp,]} 

SPIRIT, aterm used in chemistry. When employed alone, it is 
now almost exclusively applied to spirit of wine, or alcohol; formerly 
however the name spirit was given to most substances capable of being 
yaporised and condensed by distillation, and to some not obtained by 
distillation. It will be requisite merely to name a few of those com- 
pounds to show how extensively it was used in naming substances of 
very different origin and composition: thus nitric acid was called 
spirit of nitre : hydrochloric acid, spirit of salt ; sulphuric acid, spirit 
of sulphur ; chloride of tin, spirit of Libavius; solution of ammonia, 

irit of sal-ammoniac, or sometimes spirit of hartshorn, 

SPIRIT-LEVEL, a tube of glass nearly filled with spirit of wine or 
distilled water, and hermetically sealed at both ends, so that when 
held with its axis in a horizontal position, the air which occupies a part 
not filled with the spirit or water places itself contiguously to the 
upper surface. The tube being supposed to be perfectly cylindrical, 
the exact horizontality of its axis is ascertained by the extremities of 
the air-bubble being at equal distances from the middle point in the 
length of the glass. 

The spirit-tube is used in determining the relative heights of ground 
at two or more stations, and in order to render it available for this pur- 
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pose, it is placed within a brass case having a long opening on the side 
which is to be uppermost, and is attached to a telescope; the telescope 
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728 
and tube are then fitted to a frame, or cradle, of brass, which is sup- 
ported on three legs. In the interior of the telescope, at the common 
focus of the oben a ee fixed, 
at right angles to each other, intersection in the line 
collimation, or that which joins the centres of all the lenses. 

The case containing the spirit-tube is made to turn on a j 
extremity, as a, by the revolutions of a screw, b, at the opposite 
mity ; and the telescope rests, near each end, within two arms 
top of a small pillar, a or B, the pillar and its arms resembli 
letter Y, and the interior sides of the ee 
of the telescope. One of these pillars is capable 
movement in a vertical direction by ing a screw, ¢, at 
the purpose of elevating or depressing one end of the 
ae and in the more Sapa constructed instruments, 

e pillars may be so moved. The are at the extremities of a 
strong brass plate, Er, the under side of which is connected with the 
tripod-stand, which supports the whole instrument; and a compass- 
box, G, is attached immediately to the as in the figure, or is 
raised above the telescope by means of four small pillars. A hollow 
conical socket, H, of brass is screwed to the under side of the 
is intended to receive a piece of bell-metal of a n, 
which constitutes the upper part of the stand. This piece serves as a 
vertical axis, upon w the telescope, the spirit-level, and the com- 
pass are to turn round horizontally ; sometimes, however, the conical 
pivot projects from the under part of the plate, BF, and the socket is” 
on the stand, 

The three legs which are to support the instrument are 
to.a circular plate, K, perforated at its centre, and having about the 
lage agans a hollow spherical zone, resembling a small inverted cup, 
n 
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the simpler kinds of spirit-levels a circular plate, u, of the same. — 


dimensions as the last, carries above it the pivot before mentioned ; 
and from below it projects a stem, inating in a ball, which fits the 


every spirit-level vine: in use, whatever be its form; and the 
following is the us' ing the adjustments, prepa- 


screw Cc. 

The eye-piece of the telescope must be moved inwards or outwards 
till the wires in the field of view are distinctly seen; and the object- 
glass must also be moved by means of the pinion, M, till the station- 
staff, placed at any convenient distance (suppose 100 yards), is also dis- 
tinctly seen. By a few trials, the distance between the eye and the 
object-glass may be made such that the intersection of the wires will 
appear to remain constantly at one point on the staff while the observer 
in looking through the telescope varies the position of his eye. It is 
necessary besides that the intersection of the wires should be precisely 
in the line of collimation, or the optical axis of the telescope: for this 
purpose the point of intersection should be directed to some well- 
defined mark at a considerable distance. The telescope must then be 
turned on its axis; and if the intersection remains constantly on the 
mark, that adjustment is complete; otherwise it must be rendered so 
by means of the screws, cd, &c., on the telescope; those screws being 
P at the extremities of two diameters at right angles to one 
another, on being turned they move the plate carrying wires in 
the directions of those diameters. In order that the correction may be 
made, the apparent displacement of one of the wires, in consequence 
of the telescope being turned half round on its axis, should be observed, 
and the screws turned till half the displacement is corrected ; the like 
observation and correction may then be made for the other wire ; afew 
repetitions of each > are will probably be necessary before the 
error is wholly removed. 

The level constructed by the late Mr. Troughton differs from that 
which has been above described in having the spirit-tube sunk partly 
in the telescope; and the latter, being incapable of a movement about 
its axis, does not admit of a separate adjustment for the intersection 
of the wires, 

Mr. Gravat, who made considerable im its in the mechanism 
of these instruments, recommends the following mothod by which the 
error in the positions of the cross-wires and spirit-tube may be ascer- 
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tained and corrected :—Let three pickets be driven into the ground in 
a line and at equal distances from one another, and let the spirit-level 


the second and third staff. Now the staves being at equal distances 
from the instrument, it is obvious that any error which may have 
i in the line of collimation, or from the spirit-tube not being 
1 to that line, will be destroyed, and the differences between the 
on the staves are the differences in the levels of the heads of 

; but unless the adjustments are perfect, this will not be 
if the instrument be set up at any point which is unequally 
from all the pickets; therefore from such point direct the 
to the staves, and take the differences of the readings as 
On comparing these differences with the former, a want of 
will prove that the intersection of the wires is not in the 
is: and the error may be corrected by means of the screws 

the wire plate. After the ent has been obtained, 
of air not stand in the middle of the tube, it may be 
to that position by the screw 6, at one extremity of the case, 
the instrument is then completely adjusted. (Simms, ‘Treatise 

Instruments.’ 


Mathematical 4 
ee is provided with a clamp, N, and a screw, P, 
which when the axis of the telescope has by hand been brought 
near the object, the coincidence may be accurately made by a slow and 
steady motion about the vertical axis. 

The spirit-tube or level which is employed for the adjustment of 
transit telescopes or astronomical circles is contained ina case with feet 
or with loops at its extremities, in order that it may either rest above 
or be suspended below the horizontal axis of the instrument to be 
levelled ; also oth t a widdpenelemed Ee perarepr Renae graduated 

isi are nurabered on each side of a zero point, 
this point being usually placed near each of the two extremities of the 
air-bubble when the tube is in a horizontal position. Having set u 
or suspended the spirit-tube, the two particular graduations at whi 
the extremities of the air-bubble rest are marked ; and half the sum, 
or half the difference of these numbers, according as the extremities 
of the bubble are in the same or in opposite directions from the two 
zero-points, being taken, gives the distance of the centre of the bubble 
from the middle between those points. The level being then reversed, 
the graduations at which the air-bubble rests are again marked, and 
half the sum or half the difference is taken as before. A mean of the 
two distances thus found is the true distance of the centre of the 
bubble from the middle point on the scale; and the screw which 
elevates or depresses one end of the axis of the telescope being then 
turned, till either extremity of the bubble has moved, in a directiow 
con to that in which the centre of the bubble had moved from 
the middle of the scale, through a number of divisions equal to that 
mean distance, that axis will be brought to a horizontal position. This 
method is used in erence to that of successive trials, in order 
to avoid the trouble of making several reversions of the whole 
instrument, 

The levelling-staff till lately in general use for finding the relative 
heights of ground is a rod consisting of two parts, each six feet long, 
which, by being made to slide on one another, will indicate differences 
of level nearly as great as twelve feet. The face of the rod is divided 
into feet, inches, and tenths, or into feet with centesimal subdivisions ; 
and a vane, or cross-piece of wood, perforated through the middle, is 
moved up or down upon the rod by an assistant till a chamfered edge 
at the J pr oierwere is seen by the observer at the spirit-level to coincide 
with the horizontal wire in the telescope. The height from the ground 
to the chamfered edge of the vane must be read by the assistant; and 
it being out of the power of the observer to detect any mistake in the 
reading, it becomes very desirable that the graduations on the rod 
should be sufficiently distinct to allow the heights to be read at the 
spirit-level itself. The rod by Mr. Gravat for this purpose is 
divided into hundredths of a foot by stripes which are alternatel 
black and white, and are numbered at every foot in the usual way wi 
figures great enough to be seen on looking through the telescope ; the 
tenths of a foot are indicated by lines than the others, A 
similar staff has been proposed by Mr. Sopwith and Mr. W. P. Barlow; 
and the former gentleman, besides the number of every foot, has given 
a number to every first, third, fifth, and ninth Rocliiiah. Mr. Barlow’s 
rod is also divided into centesimals of a foot; but the marks, instead 
of being stripes whose edges are parallel to one another, have the form 
of : each tenth mark, however, is in the form of a lozenge, or 
double e, for the sake of greater disti 
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SPIKIT OF WINE. [Atconot. 

SPIRIT THERMOMETER, | [THermomerer. 

SPIRIT TRADE. [Wrve anv Srreir Trave. 

SPIRITUAL COURTS. [Ecotestastican Courts.] 

SPIROILIC ACID, Another name for hydride of nitrosalicyl. 
[Sauicytic Grovr.} 


SPIROILOUS ACID. 
[Satrcriio hie 

SPIROUS ACID. Synonymous with hydride of salicyl. [Satur 
crLic Group. 

SPLEEN, DISEASES OF THE. These do not appear to have 
been much studied in this country, because they do not very frequently 
occur ; re are, however, by no means of unusual occurrence in moist 
climates, whether warmn or temperate, as Italy, Holland, South America, 
and some parts of India; in fact, wherever malaria exists. The spleen 
is liable to many sorts of disease : Dr. Bigsby (‘ Cyclop. of Pract. Med.’) 
enumerates as many as ten, but of these only the most important can 
be here noticed. Splenitis, or inflammation of the spleen, may be 
either acute or chronic; though Dr. Baillie remarks that this organ is 
much less subject to inflammation than many other of the abdominal 
viscera. (‘ Posthumous Lectures and Observations on Medicine,’ 1825, 
unpublished.) Acute inflammation of the spleen, tugether with heat, 
fulness, and tenderness in the splenic region, with pain upon pressure, 
is accompanied with the usual pyrectic signs, and often with a pai 
extending over the whole of the abdomen, but particularly in the left 
side, and shooting from the diaphragm to the left shoulder. There is 
also not unfrequently a dry short cough, and sense of constriction in 
the rdia, sickness, or nausea, and a discharge from the rectum of 
black or livid blood, from a rupture of some of the splenic vessels. 
Of this disease a remarkable instance, which terminated in nine days, 
has been recorded by Dr. Ley, in the ‘ Transactions of the College of 
Physicians of London’ (vol. v. p. 304). The texture of the spleen 
after death was in this case so altered as to resemble an extremely soft 
piece of sponge, of which the cells had been filled with an intimate 
mixture of pus and grumous blood. On placing it in water, innumer- 
able vessels, as fine as the fibres of swans’ down, floated separately, 
rising from every point of the superficies of the organ. The contents 
of this spongy mass having been removed by repeated washings, some- 
thing like an attempt at the formation of cavities to contain the matter 
manifested itself. No regular cyst however had been formed. All the 
other viscera, abdominal and: thoracic, were healthy, except the uterus, 
whose inner surface was gangrenous. The common causes of inflam- 
mation of the spleen are much the same as those of inflammation of 
the liver, namely, suddenly suppressed perspiration, especially from 
currents of cold and damp air, and excess of spirituous potation ; 
sometimes, however, the cause is too obscure for detection. With re- 
spect to the treatment, the usual antiphlogistic remedies may be 
employed, but promptly and energetically. Dr. Baillie says, he is not 
aware that inflammation of the spleen would require a different treat- 
ment from that of other viscera. 

If after a certain period the inflammation do not yield, it assumes 
the chronic form, in which the variation in the severity and duration 
of the complaint is very great. If it has accompanied ague, the symp- 
toms may possibly not have been urgent in the outset, but it is almost 
always a painful as well as formidable disease. It commonly lasts for 
some months, and may continue for years with remissions. With 
respect to the terminations of chronic splenitis, resolution does not 
take place often; suppuration is also rare upon the whole, and Dr. 
Baillie says he “ had never met with an abscess in the spleen in all the 
dead bodies which he had examined.” When pus is formed, it is of 
the ordinary creamy kind, but is sometimes concrete; it varies in 
amount from a few ounces to many pounds, The matter may find its 
way into the stomach, colon, or peritoneal cavity; it may burst into 
the left side of the chest, or into the lungs, inducing symptoms of 
phthisis; or it may empty itself outwards through the abdominal 
walls. Ossification of the spleen after inflammation is rare, as is also 
gangrene; softening, induration, and hypertrophy, especially the last, 
are much more common. With respect to the treatment of chronic 
splenitis, perhaps the best plan that can be adopted is the combination 
of aperients with iron and sedatives; the good effects of mercury in 
this disease being now generally considered precarious, trivial, and at 
best temporary. Local applications, such as cupping, issues, setons, &c., 
are sometimes productive of great benefit. 

Besides the inflammatory softening of the spleen, there is another of 
a character quite peculiar, and unattended by any of the characteristics 
of inflammation, wherein the structure of the spleen is more or less 
destroyed, and it is often reduced to a simple bag, containing a sub- 
stance which varies from the state of clotted or grumous blood to that 
of tar. This was very frequent in the Walcheren fever, in which cases 
the spleen was usually found after death of great size, and generally 
a mere bag filled with a liquid like tar, and weighing from three to 
five pounds. 

One of the most common diseases of the spleen is hypertrophy, the 
most usual causes of which are ague and remittent fever. It is there- 
fore chiefly to be found where these are endemical, but it is not very 
uncommon in any part of Great Britain. The size which this organ 
sometimes attains is enormous, and it is surprising to find how long 
rsons can carry about with them very enlarged spleens, and at last 
ie of some other disease. Dr. Bigsby quotes from Lieutaud the case 
of a woman who had for seventeen years a spleen weighing thirty-two 
pounds; similar facts are to be found in Haller. Dr. Baillie mentions 
(‘Posthumous Lectures’) having met with cases where it was so large 
as to occupy nearly all the left side of the abdomen, extending from 
the diaphragm to the pelvis. When the enlargement is so considerable 
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that the lower end of the spleen can be felt under the of the 
ribs upon the left side, there can be no doubt with respect to the 
disease, When the hypertrophy does not reach this extent, its most 
characteristic symptoms, are a sense of weiglit in the left side, with 
or without evident. swelling; inability to lie with ease on the right 
side; debility, without corresponding emaciation ; disordered stomach, 
irritable bowels, dry cough, and absence of fever. 
enlarged, is always felt to be harder than ina natural state, but pressure 
upon it with the hand seldom produces pain. An hy phy of the 
spleen is sometimes followed by ascites; but there will ay gy | be 
no dropsy of the abdomen, even where this organ has been for a lo’ 
time much enlarged. When this form of disease has been conn 
with ague, it more frequently subsides than in any other case; and the 
quina, which has been bed to cure the latter affection, will pro- 
bably be serviceable also to the former. ‘ When the enlargement 
taken place independently of this cause,” says Dr. Baillie, “it hardly 
ever subsides of itself, or is materially diminished by medicine. 
According to my experience, mercury, administered both external, 
and internally, produces very seldom any good effect; I have seen, 
think, more advantage from a seton inserted under the skin which 
covers the spleen. In some cases it has appeared to be diminished in 
size by this remedy, and to be rendered softer; but I do not recollect 
a Dasle instance, except after ague, in which it has been reduced to 
nearly its natural size. Temperate living, abstaining from violent 
exercise, and keeping the bowels open, must be to a certain degree 
useful in retarding the progress of the disease.” The remedy largely 
employed in India for the cure of chronic tumour of the spleen isa 
compound of garlic, aloes, and sulphate of iron. When emaciation 
and diarrhoea are present, the garlic and aloes are macerated in brandy ; 
under other circumstances, in vinegar. The proportion of aloes is so 
regulated as to produce three evacuations daily ; and the medicine also 
produces copious secretions from the kidneys. The Decoctum Alves 
Compositum with the Tinctura or Acetum Scille would probably prove 
equally effectual. The moxa, and even the actual cautery, have been 
recommended for this disease; and emetic cataplasms of tobacco- 
leaves, renewed constantly so as to keep up frequent vomiting, have in 
some instances produced the happiest effects. 

Atrophy of the spleen is by no means so common as hypertrophy ; 
and though some instances are related by modern writers, yet. their 
statements are so mi and unsatisfactory, that no use can be made 
of them, It is sometimes found exceedingly small and even shrivelled 
when some other o is much ed, where there have been 
great di of blood, in ascites, and in extensive chronic disease. 
This form of disease of the spleen obviously admits of no remedy, 

Hydatids in the spleen are found now and then, but not very often; 
Dr. Baillie had never met with a single case of them. It is hardly 
possible to discover their existence during the life of the patient, nor, 
eyen if it were more easy, could the complaint receive any cure, or 
even amendment, from medicine, The disease arises quite uncon- 
sciously to the patient; the first intimation of its existence being 
debility, dyspepsia, and the uneasiness created by a slowly increasing 
tumour, which in its causes further derangement by com- 
pression and displacement of other organs, and becomes i per- 
ceptible ex ly. It is only when the containing membrane, or 
some organ, becomes inflamed, that fever, pain, and their fatal con- 
sequences ensue. Hydatids may prove fatal by passing into the 
peritoneal cavity from ulceration of the containing sac, or by disturbing 
the circulation, or by irritating other viscera; or the patient may live 
very long with this complaint, and die eventually of another disease 
during the indolent continuance of this. 

Melanosis and calculi of the spleen are noticed shortly by Dr. 
Bigsby; but the instances are too rare to require any particular remarks 

re. 


Rupture of the spleen from some external violence occurs not 
unfrequently ; but in the majority of cases the injury is so over- 
whelming that little is left for the medical practitioner to do. Free 
yenesection and perfect rest have occasionally saved life; but in many 
instances the patient dies in a few hours. In these latter cases the 
symptoms are great shiverings, coldness of body, vomiting, and other 
signs of extreme collapse : when there is time and strength for reaction, 
there is considerable fever, with a remarkable heat of skin, and great 
pain in the left side or all over the abdomen; the stools and urine are 
eh jood's Shady ited Gregory's Theory 

Good's Study « 3 ory’s and Pract. of Med. ; 
Bigsby, in Cyclop. of Pract. Med., from which works, with py Bailes 
(posthumous) Levtures and Observ. on Med., great part of the patho- 
iogiee! on of this article is taken.) 

PLINT is a piece of wood or other rigid substance which is used 
in surgery to maintain any part of the body ina fixed position, and 
especially for the purpose of holding steadily together the portions of 
a fractured bone, Splints vary almost infinitely in form and size, 
according to the part to which they have to be-adapted, and the 
position in which it is to be held ; the number and the arrangement of 
them in each case are equally subject to variation; nor can a surgeon 
have a better rule than that of following no general plan, but of deter- 
mining in each case the ap) cP gt tpaape pind i aged ny 20 50 
[Fracrure.] The of which they are commonly made is light 
wood ; each splint consisting either of one piece cut nearly to the form 
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direction, some cases tin is a preferable 
anerial; in some A peers In y cases also it is very 
advantageous to adapt splints y to all the of 


the licab 5 end. oa. File eavete, Gaus any unyielding 
material, it is usual to employ one which, being ied moist and 
Stiff pastoboard will im be 


al 
especially for children; but a better material for general use is sole- 
leather or gutta percha, applied while quite pliant after having been 
well soaked in hot water, and then to the limb and 
allowed to dry. Another plan of this 
form a splint of linen and some glutinous material, such 
mixture of white of egg and flour, or of mucilage of gum-arabic and 
whiting, made as thick as bird-lime. In using these, the limb or 
other part should be thinly padded with soft lint ; then strips of coarse 
linen soaked in the tenacious material should be laid on, one over the 
other, till on each side of the limb they form a layer about as thick as 
a common wooden peer The whole should then be surro d 
wih. mpi ndage soaked in starch, When dry, splints of 
this kind will so exactly fit the part to which they are applieds and be 
so rigid, that a agi may with safety execute the slighter natural 
movements of a limb within a fortnight after it has been fractured. 
All the further care of a simple case of fracture will generally con: 
in the occasional srpeemnapt of the starched bandage, and 
e 


adaptation of the sp i P change of 
the me ee, one he 
Splints of this kind however must not be applied till all the inflam- 


SPONDEE (spondeus, oxovdeitos) is a foot which consists of two long 
syllables (--). The name is derived from oxovd}, a lil as the 
metrical prayers on such an occasion were generally of a slow 
solemn movement. To uce this solemnity the spondee is often. 
used instead of a dactyl in the hexameter or pentameter: and in 
iambic, trochaic, or anapestic metres, instead of an iambus, trochee, 
or anapest. There is no metre which consists of spondees alone, and 
indeed such a metre would be yery di le, even if it were 
possible; but spondees produce a good effect when mixed with other 
Sets «8 ARNO SRR a spondee in the fifth place, is 

a 

SPONGIA, MEDICAL USES OF, The use of sponge 
in - ry ay seams ia, sume fluids, needs no notice, but it is also 
employed by t un e name of sponge tent, when prepared in 
a particular manner, This consists in dipping the sponge in melted 


ic verse, 


surgeons. 

According to the analysis of Hornemann, sponge consists of a 
substance similar to osmazome, animal mucus, fat oil, a substance 
soluble in water, a substance only soluble in potash, and traces of 
chloride of sodium, iodine, sulphur, phosphate of lime (?), sili 
alumina, and magnesia. 

When sponge has been cut into pieces, beaten in order to free 
from little stones and shells, and burnt in a closed iron vessel, till 
is black and friable, it is then called burnt sponge ( ia usta). 


proportion 
tained in the sponge, much of which is volatilised by th 
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render it friable, when it may be and preserved 
pea been Poneene a8 ie ms 'y formed into an el 
ozenges. test of its goodness consists in heating it in a 
with sulphuric acid, and if copious violet-coloured fumes be evolved, 
this proves that it contains much iodine. Burnt sponge has been 
almost completely superseded in the treatment of bronchocele and 
serofuia by iodine and its preparations; but as it ifcbrtery lao 
ve been 
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in no different from the cholera which raged as an epidemic 
in 1832 ; but it did not spread beyond them by contagion, nor did it 
attack a number sufficient to give it the cliaracter of an epidemic. 
The circumstances on which the oceasional occurrence of diseases that 
oc usually epidemic, in a sporadic form, depend, are altogether 
unknown. 

SPOUT, WATER. (Water Srovr.] 

SPRAIN, or STRAIN, is an i 
sues, resulting from their being 


of muscular or tendimous tis- 
bly stretched beyond their natural 
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length. Its ordi consequence is, after the first pain is gone by, to 
peotiace Wthpe Snares" swelling, and a conaldsraidie Beil behing pain 


are di 
partakes of the slowness and obstinacy that characterise all the diseases 
of the tendons and ligaments, and which, if not early and duly 
attended to, frequently terminates in thickening, rigidity, and even 
more serious di 


used. 

SPRING. [Srasons, CHancr or. 

SPRING, in Mechanics, is an : 
Ployed ‘as a moving-power, or a regulator of the motions of wheel- 
work; also to ascertain the weights of bodies, or to diminish the effects 
of concussion. 

The elder Bernoulli was the first whose attention was directed to 
the curvature assumed by elastic bodies, and he ded in resolving 
the problem in the case of a rectilinear plate being fixed at one end and 


ie plate or rod, which is em- 


which a tangent to the curve surface of the body makes, at the point, 
with that surface. k 

In order to give some idea of the manner in which the effects of 

are to be determined mathematically, let a B be a thin elastic 

plate immovably fixed at a, and bent into the form 8’ by a power P 


poole eee ne re, Caleeny Sean ons 
id pant late * lot vis i voptecent the unknown force dastielty 
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between the element aa’ and a,a pro- 
in any part of aB’ varies inversely with the 

of curvature at that part; therefore let r be the known radius 
of curvature at a point where the force of elasticity is given, and let 
this force be represented by ¢: also let rn be radius of cur- 
point, as a, where the force is represented by Fr. amo 


ties ie: wy, or — = 8, and putting r’ for er, we have P.y = J. 
Substituting in place of R the differential for the radius of 


curvature, the elastic force might be ed by the processes of 
m. The integral, however, can only be obtained approxi- 


lf ey 2b en ee ee 
resting on an immovable object, and a weight p, applied at the wu 

extremity p’, were to act in a direction towards a, the equations of the 
|, are (the deflection being small) 


y =Asinz (5), ana x =(1+ neh, 


where a: is any abscissa from ' on the line B’ a, y is the corresponding 
ordinate, 4 is the deflection, or the ordinate at the middle 
point in B’A, A = BA, and 1 is the length of the curve line aa’: also 
the greatest weight which the plate or spring will bear without bend- 


x 
ing when pressed in that direction is expressed by ~~. (= 9/1416). 


fog? 
If-r exceed by a smnall quantity the value of m? —, 
any whole number whatever, the spring will make several bends 
i the straight line aw’ in m—1 points between the two ex- 
When the elastic plate, in a horizontal position, is fixed at one end, 
as a, and the weight pr, applied at the extremity B’, acts always 
vertically, the eq becomes (the deflection being small) 


l/l 
y= a gre +02) 
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where c is the tangent of the angle of contactatn’. If, on account of 
the smallness of this angle, c be neglected, it will follow, when « is 
made equal to B’c, that the whole deflection ac or BB’ will vary . 
nearly with the weight P,and with the cube of the length of the 


ig. 

The use of a spring as a moving-power may be best exemplified in 
its application to watch-work. The main-spring of a watch is a thin 
and narrow plate of well-tempered steel, which is coiled in a spiral 
form : one of its extremities is attached to a pivot or axle, and the 
other to the interior cireumference of the cylindrical box in which it is 
contained. In pee cared the spring closes round the axle, and 
afterwards, in the effort by its elasticity to recover its former position, 
it turns the cylinder in a contrary direction; thus the chain which is 
attached to the exterior circumference of the cylinder and to the fusee 
causes the latter to revolve. 

A slender and highly elastic spring of a like form is employed to 
produce a vibratory motion in the balance ring of a watch: one ex- 
tremity of the spring is attached to the axle of the balance, and the 
other to some part of its circumference. If a moyement of small 
extent about the axle be given in one direction to the balance, the 
spring will be compressed near the axle, and, in the effort to recover 
its previous state, the balance-ring will be moved round in a contrary 
direction; but the force of elasticity carries any point in the ring 
beyond the place which it occupies when the ring is in a state of rest ; 
and when that force is destroyed by the compression again produced 
in the spring, near the axle, the balance is made to return in the 
direction in which it was first moved. Thus an alternate motion in 
the balance-ring is continued; the time of the vibrations, and con- 
sequently the velocities with which the wheels revolve, depending 
upon the force of elasticity in the spring. The elastic power of the 
spring varies with the tension, and is directly proportional to the 
angle through which the spring is wound about the axle; and thus the 
vibrations of a spring, like those of a pendulum in a cycloidal are, 
are isochronous. [Exasricrry.] The length of the spring and the 
diameter of the balance are increased by heat and diminished by cold; 
consequently, without some compensating power, the times of yibra- 
tion will vary according to the changes of temperature. 

When a carriage moying along a level road passes suddenly over an 
obstacle, so that a point in the cireumference of the wheel is in contact 
with the obstacle, the centre of the wheel describes a circular are 
about the point of contact as a centre; and then, if the iage is 
perfectly rigid, a portion of its velocity will be lost. In order to 
maintain that velocity,an.additional force of draught would be nece ; 
and an expression for this additional force is investigated in Whewell’s 
‘Mechanics’ (art. 261, and the following). Part of this additional 
force is employed in counteracting the motion of ascent, and the re- 
mainder, which is generally much the greater quantity, in diminishin, 
the effect of the sudden Shenae which takes place in the direction o: 
the motion of the carriage. This latter part may be in a considerable 
degree removed by the use of springs ; for then, on the wheel meeting 
the obstacle, the suspended body of the carriage bending the springs 
by its weight, the centre of gravity of that body is made to describe a 
eurve line, to which its previous rectilinear direction is a tangent ; and 
thus the jerks which arise from movements in directions making finite 
— with one another are avoided. 

force of draught requiredin addition to that which is due to 
friction, when a stiff carriage over a roughly paved road, varies 
as the square of the velocity and the height of the stones directly, and 
as the radius of the wheel inversely. 

SPRING-BALANCE. ([Batance; Dynamics; WericHINe -Ma- 
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SPRING CARRIAGE, The progress of a wheel-carriage, even 
upon the best of roads, is impeded by the wheels coming in contact 
with, and being compelled to rise over, undulations of surface which 
check their rolling motion. In many old rough pavements, owing to 
the openness of the joints, and wear of the stones, the road 
consists of a series of blunt ridges, in passing over which the motion of 
the wheel can be no other than a succession of jolts. The surface of a 
well-made road of broken stone, when in perfect order, presents few 
important asperities; but when metal or broken stone has been 
recently laid on, it is exceedingly rough. If a rigid carriage be drawn 
over any of these surfaces, the irregularities which affect the path of 
the wheels will be communicated through them to the body, to which 
they will impart a jolting or vibratory motion. In a four-wheeled 
carriage the movement the body will be influenced by the discor- 
dant motions of ,the fore and hind wheels; and it will be continually 
liable, owing to the imperfections of the road, to have the whole of its 
weight thrown upon three wheels, whereby the framework will be 
exposed to injurious strains. To enable it to sustain such strains, the 
framework must be made very strong and heavy ; and the destructive 
and painful effect of increasing the velocity of inelastic carriages would 
alone have been sufficient to limit the speed of vehicles. 

One of the simplest means of alleviating concussion is that often 
adopted in light carts, of suspending the seat from the sides of the 
body by leather straps. Next to this is the use of straps to suspend 
the body itself, an expedient which seems to haye been conasianat 
resorted to from an early od, With very few exceptions, it 
appears that slung or s ed carriages were not used until the 17th 
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century. In the early carriages of this kind the straps were usually 
attached toa pastie a4 of wood at each end of the vehicle, rising to a 
considerable height above the axles. The — four-wheeled 
carriages of Europe used for state purposes are mostly constructed on 
this plan; and their great weight and slow movement prevent any 
mae concussion. A eras disadvan’ of this aera so - the 

t length of carri it renders n , and the cumbrous 
SS ot the caine 5 framework Saak ouppacts the braces, The 
carriage must also be heavily loaded, in order to make the motion 
tolerably comfortable, especi when the straps are suspended from 
points not much higher than bottom of the body. To remedy the 
defects of the primitive slung carriage, it was desirable to render the 
pillars from which the straps were suspended somewhat elastic. This 
could not be ily effected with wood, because the pillars were 
necessarily short, therefore stiff. Hence arose the use of elastic 
steel supports, which have gradually assumed the form now well known 
as C-springs. * 

Straight springs of steel probably owe their origin to the ight 
wooden springs occasionally used in light vehicles in this and other 
countries, Used either singly or in combination, they afford sufficient 
elasticity for many purposes, without raising the body to an incon- 
venient degree, or interfering with its form; since they may be placed 
entirely beneath it, and require but little room for their play. lip- 
tical = have, in some degree, the same advantages; but they 
require rather more depth than straight springs. 

Carriage-springs are usually formed of several thin plates of steel, of 
various lengths, so laid and fastened together that the spring shall be 
thick in the centre, or at the end by which it is fixed, and thin, or 
consisting of only a single plate, at the end or ends where the greatest 
play is required. The steel used is of coarse quality, and has little 

m in its composition. It is fashioned by rolling-machinery to the 
transverse dimensions required, which vary from one inch ae f a half 
to three inches in width, by one-eighth of an inch to half an inch in 
thickness. The plate forming the back of the spring is usually 
thicker than the rest, on account of its being the longest, and having 
its ends formed into bolt-eyes, to receive the bolts by which the body 
is connected with it. With this exception, it is not usual to make any 
difference in thickness in the several plates of a spring, notwithstanding 
their different lengths. After the plates have been wrought into the 
form required, they are hardened by heating in a hollow fire, and then 
plunging into water. They are subsequently tempered by drawing 
them again through the fire, until they become so hot that a stick 
rubbed over the surface will be kindled to a blaze. Any accidental 
warping acquired in these processes is removed by hammering, the 
plates being slightly warm during the operation, to avoid the risk of 
breakage. They are then finished by filing all the parts that will be 
exposed to view when the spring is complete; and are finally put 
together and secured by a square hoop of iron, which is shrunk on hot, 
and by a rivet passing through the hoop and through all the plates. 

Coach-makers apply distinct names to a t many varieties of 
springs; but those which are most Patel ete may be briefly 
enumerated, The straight spring, if single, is the single-elbow spring. 
The double-elbow spring is a straight spring, acting on both sides of the 
fixed point. It isa kind of spring very extensively used in stage- 
coaches, omnibuses, and light two-wheeled vehicles. Elliptic springs 
are used single in some carriages, between the axle and the frame- 
work ; the spring resting on the axle, and being connected with the 
carriage by means of a curved bar of iron, called a dumb-iron, placed 
over it like another spring. The spring is then called an under-spring. 
Elliptic springs are often used in pairs, under the name of nut-cracker 
rings, the two springs being hinged together at each end, so as to 
‘orm a long yore ellipsis. In this way elliptical springs are much 
used in such four-wheeled carriages as have no perches. C-springs 
consist of two-thirds of a circle, lengthened out into a tangent; the 
tangent being laid horizontally, and bolted down to the framework of 
the carriage. When these springs are used, the body is not, as in 
most other cases, connected immediately with the springs, but is 
suspended by leather straps, which pass round the back of the springs, 
and are fastened to the framework near to their base. Telegraph- 
springs are combinations of straight springs in sets of four. Two are 
placed eg ange resting either immediately upon the axles, or 
upon the lower framework of the carriage; and two others, placed 
transversely, are suspended from their ends by shackles. The body is 
supported upon the centres of these transverse springs. Tilhury- 
springs are another combination of straight springs. Two single-elbow 
springs are attached to the hinder part of the body, and suspended by 
leather braces from a transyerse spring elevated on an iron standard at 
the back of the framework, The front of the body is mded from 
the shafts by two single-elbow springs with short lente waren 3 and 
sometimes a pair of double-elbow springs are interposed between the 
shafts and the axle. Dennet-springs are a combination of three straight 
springs, two of them placed across the axle, and attached at their fore 
ends to the shafts or the framing of the body, and the third placed 
transversely, suspended by shackles from their hinder extremities, and 
fastened to the body at its centre. The bodies of private cabriolets 
are usually hung upon C-springs, with small curved springs in front, 
and double-elbow springs frequently added between the shafts and the 
axle, The combination of springs used in under-spring carriages is the 
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most effective which has yet been discovered for producing the 
minimum of concussion or motion to the The body of 
such a vehicle is suspended by braces from C-springs; and the frame- 
work of the carriage to which the C-springs are fastened, is supported 
u : cacerspringy, which intercept concussion from the unevenness 
of the . 

Of these various springs, none but the C-springs with leather braces 
allow universal motion to any important extent. In some carriages 
loops of leather or caoutchouc have been used, instead of iron shackles, 
for connecting straight springs, by which means the motion is rendered 
pleasanter, and the rattling noise of the shackles is avoided. Another 
defect of ordinary springs is their want of adjustibility to the weight 
they have to carry. They must, of course, be made strong eno to 
sustain the maximum weight they are intended to bear; but, is ed 
so, they become too stiff to play easily under a li to meet 
the deficiencies of the springs in common use, Mr. Bri: con- 
trived one on the der of the bow, which will yield in any direction, 
and may be made capable of adjustment, by means of screws, to a light 
or heavy load. This spring consists of a single plate of well-tempered 
steel, forced into a curved form by the tension of a chord of 
hempen rope, or of a riband of iron or steel, and to which the axle is 
attached. ‘There are two bow-springs, ab and ed, connected with each 
other and with the sume axle, These are jointed together at bc, and 
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attached to the body, of which the lower framing is shown at f f, by 
movable joints at @ and d, which allow the springs to lengthen and 
shorten in playing. The chord of each bow is in two parts of 
length, each of which is connected at one end with the bow, 
the other with the axle ate; so that the chord of the bow, ab; takes 
the direction a eb, and that of the bow, cd, the direction ced. Among 
the advantages claimed for them are their lightness and ) 
elasticity, arising from the superior quality of the steel, and the 
absence of the friction which attends the action of the common 
laminated springs. 

All the springs that have been alluded to in this article are bearing- 
springs, for supporting the weight of the body of the carriage, and of 
the load which it conveys. In ordinary carriages no other springs are 
used ; but in those employed upon railways, springs are also used to 
impart elasticity in the direction of the line of draught, so as to render 
the starting and stopping of the carriages gradual and easy. 

SPRINGS. Rain and snow fall in quantities so unequal in different 
districts, and on soils which exercise u aeperes such various influ- 
ences, that the phenomena of springs, which are primarily dependent 
aatasiicn to some dexth in the earth of water which was 


on the 
absorbed at the surface, are extremely complicated and curious, It is 
very interesting to geologists to classify and determine the causes of 


these phenomena, and very important in agriculture and the arts to 
acquire a power of directing the water currents in and below the soil 
and strata. The art of draining consists essentially in giving to the 
diffused and injurious springiness of particular soils and situations a 
concentrated, perhaps beneficial, current ; while artesian wells relieve 
the hydrostatic pressure prevalent at great depths, and yield copious 
et in oo ee and deserts, i 
a general rule, springs are permanent in rtion 
depth to which the veto which supplies them hoe dostentlal from 
the surface; they are perennial and almost invariably constant in 
temperature and volume, whether hot or cold, copious or full, in 
situations where, from the arrangement of the mineral masses of the 
globe, deep subterranean channels exist for the reception of rain, and 
particular impediments direct and contract the passages of reflux to 
the surface, Such cases are common in stratified countries where 
jointed limestones or sandstones receive water at elevated points on the 
surface, and conduct it downwards below strata of clay, which are only 
rea at a few points, and there permit natural discharges at lower 
evels than the recipient surfaces. Frequently these argillaceous strata 
are so nearly impervious, that artificial perforations relieve the pressure 
of the subterranean columns of water better than the few natural 
points of efflux, and thus pits and levels excavated for mines may drain 
springs at some distance. 

On the contrary, in a country which contains narrow and frefuently 
mixed masses of clay and gravel, or clay and sand, which cover the 
solid rocks, concentrated springs are almost absent, but there is a 
prevalent humidity and diffused springiness along the limit of the 
gravelly or sandy tracts. After a continuance of dry weather such 
springs and wetness disappear, to be renewed after the next fall of. 
rain 


The particular points at the surface where springs, or “wells,” as 
Ser are often called in the ae te a somewhat of the sige 
elements of our language remains (quelle, in German signifying 
what is commonly understood by the English word # well,” the 
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French “ puit,” but a spring), are determined in general by one of | be called an act of assassination by a spy, and many of thosefsurprises 
three things -—- F of an enemy which, so far from being’ condemned or deemed dis- 


Ji They occur at the point of lowest level, on the edge of the 


impervious clay which dams up the water. This happens in the 


gs 
Large springs are thus poured out of the 
mountain-limestone of England. 

3. The waters are directed to the surface by lines of fault, which are 
often quite impervious to water, and traverse the rocks in vertical or 
inclined planes. The hot springs of England and Wales are mostly 
thus circumstanced. 

In general, then, the water which issues from the earth in one 
copious spring has been received by minute absorption on a large 
surface : as the living tissue of a sponge receives water by absorption 
the numerous pores, collects it internally in a few channels, 
and rejects it by a very limited number of orifices, or as the capillaries 
collect blood for the veins, and these supply the heart, so the porous 
texture and channelled structures of rocks permit that continual 
circulation of water below the earth’s surface, on which, in a great 
degree, its habitable character depends. 

Between perennial or constant springs, and those which are merely 
dependent on the last shower of rain, the gradations are insensible, 
the explanation is entirely obvious wu the general principles 

One of the most interesting cases of this intermediate series, is 
the “ intermitting” spri It is a common circumstance on 
downs of the South of (Wiltshire, Dorsetshire) for 
to be quite dry in one part of the year (autumn or winter), 
fully watered in another (spring, summer); the springs 
higher up the in some years than in others, according 

tity of rain which fell in some previous season (as the 
rate of its transmission through the jointed and 
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chalk. 
peculiarity of springs flowing out of cavernous limestone 
rocks is by a variable discharge; the springs now gush with 
vehemence, now subside, shrink away, and di . These ebbing 
flowing wells are noticed in many districts, as near Dynevor in 
at Tideswell in Derbyshire, and near e in 
The e ion most generally received supposes the 
water to fill cavities underground, from which the discharging channels 
siphon-formed, so that at a i moment the full cavity 


begins to be discharged and finally runs out, and the current then 
ceases till the space be again filled to the vertex of the siphon-formed 


thus descending downwards and rising upwards through various 
mineral masses, springs become impregnated with gaseous, saline, 
earthy, or metallic admixtures—as sa ciples e gas, as 5a mgt 

rogen gas, nitrogen, muriate of soda, te of lime, carbonate o: 
en silica, carbonate of iron, &. [ArTEstan WELL; Waters, 


ae 
SP. GS, MINERAL. [Warers, Moverat.] 

SPY. In the discussion of this and many other questions of inter- 
national law the terms Right, Law, Lawful, and o of the same 
class, must be understood in a different sense from their proper 
technical meaning. What writers on international law speak of as a 
Right is very often merely what appears fair, reasonable, or expedient 
to be done, or to be itted. It is this reasonableness or expediency 
alone which is the foundation of those various usages which are recog- 
nised by independent civilised nations in their intercourse among one 
another, and constitute what is called the Law of Nations. Thus a 

or a power is said to have a right according to the Law of 

Nations, which means that the of civilised nations permits the 

ppbv is the least objectionable sense in which the word Right 
used, 

No doubt, we believe, has ever been,intimated by any writer of 

on International Law, as to the right of nations at war with 
each to avail themselves of the service of spies, or secret 
emissaries, in carrying on their hostile operations: and still more 
expressly is the general right of employing spies conceded to every 
conductor of military operations ; but it is peyaly admitted that spies 
when caught by the enemy may be hung, such is their usual fate. 
Vattel says, “A man of Loner always declines serving as a spy, as 
well from his reluctance to expose himself to this chance of an 
ignominious death, as because, moreover, the office cannot be performed 
without some degree of treachery.” In ordi cases, he adds, “ the 
general must be left to ies in the best way he can, by 
tempting mercenary souls by re 4 
employment of spies is conceived to be subject to certain 
limitations in respect to the manner of it and the object attempted to 
be by it. “We may lawfully endeavour,” says Vattel, “to 
the enemy by all possible means, provided they do not affect 
the common safety of human society, as do poison and assassination.” 
A the proper business of a spy is merely to obtain intelli- 
such secret emissaries must not be employed to take the 
ives of ey bs the enemy, although that, done in another way, is 
commonly 


Es 


main immediate object of the war. Yet it might be 
somewhat difficult to establish a clear distinction between what would 
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honourable to the actors, have usually been admired. A distinction 
however has been taken; and it has been maintained that an officer or 
soldier cannot be treated as a spy if he had his uniform on when 
apprehended. See Martens ‘ Précis du Droit des Gens Modernes de 
l'Europe’ (traduit de l’Allemand), Paris, 1831, liv. viii., ch. iv., § 274; 
where references are made to Bruckner, ‘De Explorationibus et 
Exploratoribus,’ Jen., 1700; to Hannov., ‘Gel. Anzeigen,’ 1751, pp. 
383 et seq.; and, in regard to the celebrated case of André in the 
American war, to Martens, ‘ Erziihlungen merkwiirdiger Fille, i. 303 ;' 
and to Kamptz, ‘ Beytriige zum Staats und Vélkerrecht,’ tom. 1., No. 3. 

A question closely connected with the so-called lawfulness of 
employing spies, and indeed forming in one view a part of that question, 
is that of the lawfulness of soliciting the enemy’s subjects to act as 
spies, or to betray him. Such measures, says Vattel, are practised in 
all wars, but they are not honourable nor compatible with the laws of 
a pure conscience. “If such practices,’ he concludes, “are at all 
excusable, it can be only in a very just war, and when the immediate 
object is to save our country when threatened with ruin by a lawless 
conqueror. On such an occasion (as it should seem) the guilt of the 
subject or general who should betray his sovereign when engaged in an 
evidently unjust cause would not be of so very odious a nature.” But 
who ever heard of a war that was not thought by those engaged in it 
to be a just war on their own side and an unjust war on the part of 
their adversaries? So that this distinction settles nothing. It is held, 
however, to be perfectly allowable in every point of view merely to 
accept the offers of a traitor. 

The proper question as to the so-called law of nations with regard to 
spies, is what practites are sanctioned by the general usage of indepen- 
dent civilised nations. Such practices as are now permitted by such 
usage constitute a part of this so-called international law. Those 
practices which are not generally permitted or acknowledged are not 
yet a part of such law. Persons who have occasion to write or think 
on this subject will find that much of the indistinctness and confusion 
observable in the treatises on the law of nations will be removed if 
they will first form for themselves a clear conception of the proper 
meaning of the word Law, and of the improper meanings which it has 
also acquired ; and they will thus be enabled to give the necessary 
precision to those terms which are used so vaguely by writers on 
international law. [Law; Rieut.] ‘ 

SQUADRON is supposed to be derived from “squadra” (Italian), 
which is itself corrupted from the Latin word “ quadratum ;” acies 
quadrata denoted a body of men drawn up in a square form. The 
term ‘escadron” occurs in Froissart’s ‘ Chronicles, and probably it 
was very early used in the French armies to designate a body of 
cavalry. It is generally used to designate a part of a fleet, or even of 
an army. Milton speaks of ‘squadron’d’ angels. Technically, however, 
it means the principal division of a regiment of cavalry, which is 
divided into two troops, each of which is commanded by its captain, 
who has under him a lieutenant and a cornet. 

The strength of an army, with respect to cavalry, is usually ex- 
pressed by the number of squadrons in the field, as it is with respect 
to infantry by the number of battalions. 

For the manner in which a regiment of cavalry is encamped, see 
ENCAMPMENT. 

SQUARE. We believe that the old English meaning of this word 
had reference only to the corners of a figure, or at most to right-angled 
corners. The old word for any oblong, or rectangle, is a re 
figure; the carpenter’s rule for drawing a right angle is called a 
T-square to this day. The French wont équerre (anciently esquerre, 
originally derived, like the Italian ra, from quadratum) is the 
immediate origin; and this (in French) means also an instrument for 
drawing a right angle. In Recorde’s ‘Ground of Arts,’ the earliest 
English geometry extant, he calls what is now a square by the name of 
square quadrate (square, right-angled, quadrate, four-sided figure) ; and 
it is not until he is considerably advanced in his work that he seems to 
find out that he may drop the second word and retain the first only. 
There was still an incorrectness, for a square figure should have meant 
one having all its angles right angles; that is, what we now call a rect- 
angle, whether its sides were equal or not. ‘To complete the proof of 
connection between the square and the right-angled corner, we may 
mention that before now a right-angled triangle has been called a 

uare. In or about 1613, Thomas Bedwell published a work, of which 

title was ‘ T'rigonum Architectonicum, the Carpenter’s Squire.’ 

In geometry, a square means a four-sided plane figure with all its 
sides equal, and all its angles right angles. In algebra, it signifies the 
number produced by multiplying a number by itself. The reason of 
the double meaning is obvious enough. [REoranGiE.] A square of 
7 units long contains 7x7 square units; so that the operation 7 x 7 
is the arithmetic of finding the content of a square of 7 units in 
length and breadth. We have spoken, in the article just cited, of the 
confusion which is caused by this double use of the word square; and 
proposed to correct it by speaking of the square on a line in geometry, 
and the square of a number in algebra. It been the fashion of late 
years to publish what are called symbolical editions of Euclid, in which 
AB? is made to stand for the square on the line a8, because a? stands 
for the square of the number @, The learner who uses a species of 
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5 will not, without great cere, avoid false reasoning in making | too small, we go on adding 100 to the square root, until no more h 
connection between geometry and algebra. wre dreds can be added; all the while form the ‘squares by the 1 é 
A square is divided by its diagonal into two isosceles right-angled | each square from the We then begin to add tens, forming 
triangles : its diagonals are equal, and bisect each other at right angles. | the squares also, until the of one more ten would the 
The easiest way of drawing a square is to describe two circles on the | square past 104713; we then add units, until either Ve ease ¥. 
side a B, and bisecting ac in D, to make cx and cr equal to ap; the | exactly 104713, or the nearest to it, Or, instead . 
re A RF B is then a square, additions, we t subtract every number, as we get it, from 104713 
Of all similar figures, squares are those to the areas of which | until no more subtractions can be made, Both modes are exhibi 
reasoning is most easily ed. If three similar figures be described | the following :— 
F 1007 = 10000 104713 
n 100 (2 x 100 + 100) = $0000 10000 
2007= 40000 94713 @ 
100 (2 x 200 + 100) = 60000 80000 
800? = 90000 64713b 
10(2 x 300+ 10)= 6100 60000 
310? = 96100 14713 ¢ 
i * 10 (2 x 310+ 10)= 6300 6100 
; 820? = 102400 8613 d 
on the sides of a right-angled triangle, the sum of those on the sides is 1(2 x 320+1)= . 641 6300 
mal to that on the hypothenuse. This proposition is learned with hig pee as 
toss to squares [HyPoTHENusE] long before it can be proved with $212 = 103041 2313 e 
reference to similar figures in general ; the consequence is, that the 1(@x8%2+1= 643 641 
general proposition is almost overlooked by the previous occurrence of aa eat 
the particular case. We have noted in the article just cited the Hindy 3222 = 108684 1672 f 
proof of this celebrated case; the simplest properties of the square 1(2% 822+1)= 645 43, 
may be made to give a more easy proof, foun on the same prin- ene =e 
ciple; it remembered that the first four propositions of the $23? = 104329 1029 g 
second book of Euclid do not require the last two of the first book, 1(2%328+1)= 647 645 


The proof is as follows :—Let aB, BOC, be the sides of a right-angled 
Sas ae rat mame tenants 8 suet make © E, FH, KL, each 
equal to AB. It is easily proved that LBEH is the square on the 
hypothenuse of the triangle ; and it is made by subtracting four times 
the triangle from the whole square aF. But if four times the triangle 


A B Cc 
a 4 a 2D 


Lt. 


A ste Oe ie 


be subtracted by taking away the rectangles am and Gp, we have (Euc., 
ii. 4) the sum of the squares on the sides, which is therefore the same 
as the square on the nal. 

SQUARE ROOT, the name given to a number with reference to its 
square. Thus, 49 being the square of 7, 7 is the square root of 49. 
When an integer has no integer square root, it has no square root at 
all in finite terms: thus 2 has no square root. But since 14142136 
multiplied by itself gives very nearly 2, or has a square very near to 2, 
it is customary to say that 1°4142136 is very nearly the square root of 
2: bagel rin the square root of something very near 2. 

The on of the square root came into E with the Indian 
arithmetic, the method followed by Theon and other Greeks (which 
was substantially the same) having been forgotten. The earliest 
extensive treatise on the subject is that of P. A. Cataldi (Bologna, 
1613), though the books of algebra and arithmetic had then been long in 
the habit of giving the rule. The process presently given for finding 
the square root of a number in a continued fraction was first given (in 
a less rule) by the same Cataldi, who was thus the first who used 
continued fractions, is fact was pointed out by M. Libri, before 
which Lord Brounker was generally considered as the first who used 
continued fractions. 

The rule for the extraction of the square root is a tentative inverse 
process very much resembling division, and is contained under the 
general rule given in Invo.ution anp Eyotvrion. The peculiar 
simplicity of this case, however, allows of a condensation of form, and 
makes the demonstration easy. The general rule just alluded to might 
be demonstrated on the same principle. Y 

In order to turn the square of @ into the square of a+b, we must 
add to the former 2b + 6', or (2a+b)b. This follows from 


(a+b =a? +2ab+04, 
An will now show how the square root is extracted ; first 


roughly, more skilfully in the choice of trials. Let the 
number be 104713. The square of 100 being 10000, which is much 


G F 


3242 = 104976 


In the first column we feel our way, so to » by hundreds, 
tens, and by units, up to the result 323? is too small, and 3) 
too great ; so that we see that 104713 has no square 
second column we go down from 104713, and bapa Fone 
already formed in first column, we come to the pris 
pel kde haa nate but less than 824%, The results of the 
column are— 


94713 = 104713 — 100? 
64713 = 104713 — 200? 
14713 = 104713 — 300° 

$613 = 104713 — 310? 


2313 = 104713 — 3202 
1672 = 104713 — 3212 
1029 = 104718 — 322? 

$84 = 104718 — 323? 


The best method of making the trials depends upon the following - 


circumstances :— 
1. A square number followed by an even number of ciphers, such as 
16000000, is also a square number. k 
2. 2) (Raeh) is 42. be Funes nese on possivle £03 if 2a be 
bis given by 


consi compared with }, the value of 6 is near to 
"Taking te alia PP and parting it periods of 

Paki num! ( S ing it into peri two num- 
belong Wy slap urit followed by ciphers, which 

ing to a simple unit followed by ci; , which can be conta 

in it, oose 300 ar ag sorgian fs root, we have 14713 
the remainder. If } be the number of tens in the root, we haye to ma 
108 (2x 300 +104) as near as we can to 14713, or 106 not being mu 
compared with 600, we must try 106 x 600=14713, or b=14713-6000, 
whence 2 is the highest (perhaps too high, but that will be seen 
the remainder). If b=2, 104 (6004102) is 12400, which, sul 
from 14718, gives 2318. The part of the root now obtained is 32( 
and if ¢ be the number of units, c (2x 320 +c) must be made equal, or 
as near as can be, to 2313. Now ¢ is yery small compared with 6 
and c x 640=2813 shows that c=3 at most, ong 2 + OR. oe LE 
0 Bp anbaenntet! from 2313, which leaves 384. e process may be 
written thus :— 


104713 (300 + 20 +8 
90000 


' 
— 


600 \14713 
20 12400 
640 \ 2318 
3 ) 1929 
384 


which, omitting sw ous ciphers, is the oni used. We 
Getiched S eat ae gest E hs te soe eth Which ts in all the 
ca ig confine ourselves to the explanation, which is frequently 
omii 

We now take a longe at 1 » fo a state- 
metofie atte ee ee , at full length, followed by 
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496235396 /10000_ 
100000000 \ 7000 
SS as 
20000\ 190225296 6 
7000) 189000000 
84000) 1225296 
30/ 1020900 


34060 204396 
6) 204396 


0 


The following are the successive conclusions :— 


290225296 — 10000? = 190225296 
290225296 —17000?= 1225296 
290225296—170307= 204396 
290225296 — 17036? = 0 


whence the given number is the square of 17036. 


The rationale 


of the approximate extraction is as follows :—Su) 


, pose 
we wish to find, to four places of gre cl gd rg gt “74; 


that is, to find a fraction a, such that a* shall be 
that (a+-0001)? shall be greater than 1°74. Give this fraction the 


ess than 1°74, but 


denominator 1,00,00,00,00, which requires that its numerator shall be 


1,74,00,00,00. This numerator is found, by the iterst rule, to lie 
between 13190? and 131912, or 173976100 and 174002481. We have, 
ied (1-3190)? = 1-73976100 
(18191)? = 174002481 
which satisfy the conditions. 
The common process of contraction, in books of arithmetic, 
the following rule :—When the number of in the divisor 


seasueenens, fo be found, inetoed 9° ee te ah eG ite ee 
one 


4 unaugmented 
off the divisor, and proceed as in contracted division. If 
R be remainder, a the Ot Ge rope Dan, & Hees Feaeeien © 
be found, we have b(24+b)=n.- If abe large compared with }, 


or b=n+2a nearly; now 2a is the divisor in the rule. 
between ‘ 


2a R 
24 +— 
oa 


gfe fae deere ife Sn ane ok Eo 
numerical computation no ible. 
cxhibited in finding 


w 
The following is a com instance of the rule, 
the of 


4444444444, &e. :— 
+ a - 444444, &o, (66 * 666666666667 
3 
126844 
756 
1326)8844 
7956 
13326)88844 
79956 — 
133326)888844 
799956 
1333326)8888844 
7999956 
13333326)88888844 
79999956 
13,3,3,3,3,8,2)8888888 
7999999 


nouteelg@@Qecee 


The given number is, in fact, 4444§, which is the square of 663. 


When k is the remainder, and a the part of the root found, the 
remaining part of the root is the continued fraction [FRACTIONS, 
CONTINUED. ] 

SB eet 
Qa + 2a + Ba t+ Bat &e. 


But this is not a continued fraction of the most useful form, except 
when R=1. To reduce the remainder of a square root to a continued 
fraction in which all the numerators are units, proceed as follows (the 
process comes first and is followed by the explanation) :— 

To extract the square root of 21— 


4 Tees. Ss! SS M 
1 564834651 5 
4 Levens (2. .8 1 


Let the number be n, the integer part of its root a, and write under 
one another - the first ee 1,a. Proceed to form the second, 
third, &c., columns, eac! m the ne in the following way :— 
If p,q, 7, be in one column (found), and p’, g’ 7’ in the next (to be 
found), then— 


Nn— 
1. pa and is always integer. 


; + 
2. 1 is the integer part of Sr a 


3. p’ is q'r' — p. 


Thus, for the second column we have (21—16)+-1, or 5, for the second 
row ; the integer of (4+4)+5, or 1, for the third row; and 1x 5—4, 
or 1, for the first row. In the third column we have (21—1)+5, or 4, 
for the second row ; the integer of (4+1)+4, or 1, for the third row; 
and 1 x 4—1, or 3, for the first row. In the fourth column we have 
(21—9)-~—4, or 3, for the second row ; the integer of (4+ 3)-3, or 2, for 
the third row; and 2 x 3—3, or 3, for the first row, and so on. This 

rocess must, after a time, begin to repeat itself; as soon as this 
ppens, the last row shows the integer of the square root, and th 
succession of denominators of the continued fraction, which must bs 
repeated as often as is necessary to give the required degree of accuracy. 
Thus, 


1 
VI SS+ Ty ES ae te le OF Leis ee 1 + Lee 


If we proceed with the continued fraction as in the article cited, we 
have for the successive approximations to its value— 


1134 7 60 67 127 321 448 769 


1 25 7 12 103 115 218 551 769 1320’ 


and 4 70° only differs from 4/21 in the 8th decimal place. The use 


of this method is, not to extract the square root of any number which 
accidentally occurs, but to find convenient approximations, if ible, 
for square roots which frequently oceur, and as to which it is ‘ore 
worth examination whether there may not be some common fraction 
which will serve the p' as well as a decimal of considerable accu- 
racy. For instance, we +/2 and +/3, which represent the diagonals 
of a square and a cube having a unit for their sides. The processes 
are as follows :— 


1] 1 1, &. ee ta eee 
1 | 1 1, &. 1]2 1 2 1, &, 
1 | 2 2 &, 1] 12 1-2, ke. 

tart Biches dt-A$ 


1 
Va=l+ay ay ape, Ve=1 +i yp as TF By & 


The successive approximations to the fractions are— 
12 5 12 29 70 169 408 


cee ee See a 


128 8 11 80 41 112 153 418 571 


wee eS eS SS 


13 ZTi in M 56 158 209 571 780 


Thus we immediately see 2 convenient mode of finding the diagonal 
of a square, derived from f 
29 99 100 — 1 i 
V2=1+ = 7 = Fo» nearly, 


the excess of which above the truth is less than the 11830th part of 
the side, Thus, to find the diagonal of a square of 769'23 feet, we 


have 
76925 
769° 23 
70)76153 ° 77 
1087 ° 911 
which is too great by only about 6-hundredths of a foot. 


m3 SQUINTING. 


a 


The rule for extracting the square root of an algebraical quantity is 
very little needed, but is a remarkably good exercise in the operations 
of algebra. Arranging the square in powers of some one letter, the 
rule is identical with that for the square root of numbers in every 
point but this, that the new term is always found by dividing the jirst 
term of the remainder by the jirst term of the divisor. A couple of 
examples will suffice. ‘it be required to find the square root of 
14+22+32°+427+.... 


1424+ 322+ 403+ ..... 
1 (l+c+2+e+... 


2+2)2x+ 327+... 
Qe+ af 


2+ 2x + 2*)2x° + 425 + Sats... 
Qa? + 225 + at 


2+ Qa + Qa? + a3)223 + dart + Gard + 726 
223 + Qat+ Qari + af 


Qat + 4a> + 62% 


Again, to find the square root of 1+.2: 


ae ee 
l+al+5 — 3 + ig — Tost: 
2 x 
ie 
3) Prt 
4 
a) 2 
2+2—5)_7 
Ch, hag a 
7 noe ond 
2 
2+2-T+is)s ae 
ee Seg oe 
@ * I6 — 64 * 256 
oe 
— 6 * G4 256 
SQUINTING (Strabismus). It is a condition essential to correct 


vision that the axes of both eyes correspond in direction, and be 
turned simultaneously towards the object we regard. Now to ensure 
the fulfilment of this condition, the orbital muscles (motores oculorum) 
are so supplied with nervous influence, that we cannot will the move- 
ment of one eye without the other being called into involuntary and 
harmonious action. There are some individuals, however, whose optic 
axes are not parallel, and whose eyes do not move in ears | with 
each other; such persons are said to squint, or to be aff with 
strabismus. Squinting may take place either upwards, downwards, 
inwards, or outwards, or in the intermediate directions ; it may also be 
Tonfined to one eye; or may affect both. As the inward and outward 
varieties of squint are by far the most common, we shall devote the 
following remarks to them alone. ayn 

Inward Squint, or Strabismus convergens, is met with in three distinct 
forms: 1, le convergent strabismus ; 2, double convergent strabis- 
mus; and 3, itmbating strabismus. In the first form of the affection 
one eye is habitually turned more or less inwards towards the inner 

e of the orbit, whilst the other maintains its natural position, 
is capable of being directed to any object that the individual 
wishes. 

On closing the sound eye, the inverted one then becomes straight, 
and can be turned in every direction nearly to the same extent as the 
other; but as soon as it is again opened, the one affected with stra- 
bismus revolves inwards, and there remains; or if it do move alo 
with the good eye, yet never so as to permit the two axes to be poin 
at the same object. Double convergent strabismus differs from the 
preceding in its affecting both eyes; the axis of each eye is inclined 
unnaturally inwards, as if the person were ing some object 
placed close to his face. On directing his attention to distant objects, 
the eyes do not become parallel, but the one least affected (for one is 
always more so than the other) becomes straight, whilst its fellow pre- 
serves its former position, or is turned more strongly inwards, With 

to the relative frequency of strabismus in one or in both 
“hog is said to affect most frequently one eye only, and this 
t. 


perma Strabismus differs from the ordinary form of squint, in 
its affecting eyes equally, though never both at a tinfe, An in- 
dividual thus affected appears to use either eye indifferently; and the 
change of inversion from one eye to the other is a voluntary act, 
independent of the opening or closing of the eyelids. 

Ouwward Squint, or Strabismus divergens.—Nearly all that has been 


said in reference to convergent strabismus, may be applied, mutatis 
mutandis, to divergent squint. In this form of the affection, one eye 
is more or less everted, whilst the other is directed t forwards ; 
the patient is likewise incapable of directing both eyes inwards simul- 
taneously. These cases we believe to be most frequently of the 
alternating kind ; that is, the individual can employ either eye singly, 
and bring it into the central axis, but then its fellow becomes ev 
It is a more rare affection than the former one, and the 
arising from it is seldom so obvious. Whether we regard strabismus 
as affecting one eye or both, it is certain that the vision of the one 
most distorted is nearly always imperfect, and usually in a direct ratio 
with the degree of distortion. Now we know that if impressions on 
the two retine are dissimilar in force, the mind disregards the weaker, 
and takes cognizance only of the stronger; so that a person who 
squints badly generally sees objects with the sound eye only. If the 
sight of both eyes is equal or nearly so, double vision results when- 
ever both are employed together, the rap of objects do not 
fall on correspondi rtions of the two retine (Sicut, Dergors or]; 
and as the defect of sight is generally in a direct ratio with the degree 
of distortion, double vision is most. frequently experienced in slight 
cases of squint. : 
Causes.—The inequality of power in the two eyes has been < 


by many as a cause of strabismus; the defective eye, it is said, “ in 
wander from the 


stead of being fixed on the object before it, is left to 
true axis of vision.” When, however, we consider how numerous are 
the examples of unequal vision with the two eyes, yet unattended 
with squint, and the great and immediate improvement of lg which 
generally results from the A eve ate for the removal of the defect, we 
may fairly question the influence of this cause in the production of 
strabismus. Among the remote causes which unquestionably con- 
tribute to this effect, may be enumerated convulsions, the 
irritation arising from worms, ophthalmia, imitation, a habit of mis- 
directing the eyes, as by frequently looking at a mole on the nose, &c. 
The proximate cause resides in some affection of the muscles or nerves 
of the sree either the balance of power between the former is 
lost, or the sympathy which exists naturally between the motor-oculi 
nerves of the two eyes is impaired. 
Treatment.—This must depend 
tempo: 
to arise from some local irritation, and can be remoyed by suitable 
therapeutic remedies; in the latter, an operation will generally be 
required. Among the different other plans of treatment which occa- 
sionally have proved successful, we may enumerate binding up the 
sound eye; the employment of spectacles having glasses of different 
power; blinders projecting in front of the temples, with a view of 
attracting the eyes outwards; electricity, &c. The operation for the 
cure of strabismus is said to have suggested itself first to Dr. Stromeyer, 
from witnessing the success of tenotomy in contractions of the limbs. 
Dr. Dieffenbach of Berlin, however, was the first who had the boldness 


to it into practice on the living subject. The operation consists 
in dividin 


‘upon whether the affection is of a 


g the muscle by which the distortion is produced, and thus 


allowing its antagonist to draw the eye again into the centre of the 
orbit. Although most cases of strabismus may be either com: 
cured or very much bettered by this operation, it is proper to 
that in some, neither this nor any other plan of treatment is of any 
avail, Provided, however, that the subjects to be ted on are 
judiciously selected, and the surgeon qualified for the task, there is no 
operation within the whole range of surgery which is more simple, 
more free from danger, or more satisfactory in its results, than the one 
in question. ‘ J 

STABLE. AND UNSTABLE; STABILITY. A system is said to 
be stable when a slight disturbance of its actual condition would not 
produce a continually increasing effect, but one which finally ceases to 
increase, diminishes, becomes an effect of a contrary character, and so 
on, in an oscillatory manner, The ordinary vibration of a pendulum 
is an instance; the oscillation takes place about a stable position of 
equilibrium. We can give no instance of an unstable position; for by 
definition, such a thing isa mathematical fiction. Any di ' 
however slight, produces upon an unstable system an effect which con- 
tinually increases: no unstable equilibrium therefore can exist a 
moment, for no system made by human hands can be with 
mathematical exactness in a given position. The pendulum has a 
position of equilibrium exactly opposite to that about which it 
can oscillate, but no nicety of adjustment will retain it in that 
— : Nae appear to rest for a moment, but will almost instantly 

in to 


n . 
The following curves or lines are all such that, supposing them to 
be rigid matter, a molecule placed at a would rest :— 


A ; 
A A A 
A ee ee 3) 
A fours 3 ae 2" " 
In the first, a displacement to the right or left would produce 


nothing but oscillation, and the ee is stable; in the second, 
neither displacement would be followed by any tendency to restora- 
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or permanent nature; in the former case it will be found 
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tion, and the equilibrium is unstable; in the third, displacement 
would only be a removal to another position of rest, and the equili- 
brium is called indifferent. In the fourth, displacement to the right 
would be followed by restoration, but the velocity acquired in restora- 
tion would carry the molecule to the left, on which side there is no 
tendency to restoration : the equilibrium would then be permanently 
disturbed, and practically unstable ; though it might be convenient to 
say that it is stable as to the disturbances to the right, and unstable as 
to those to the left. In the fifth, the equilibrium at a is unstable, 
but if a push, however slight, were given to the molecule, it would 
obviously, by reason of the two contiguous stable positions, oscillate 
about a, as if a were itself a stable position: and in the same 
manner a stable position, with an unstable one near to it, might, for a 
disturbance of sufficient magnitude, present the phenomena of an un- 
stable position. 

Now, suppose that the point a, instead of being a single molecule, 
is the centre of gravity of a system acted on by its own weight only ; 
and let the curve drawn be the path of the centre of gravity, which, 
owing to the connection of the parts of the system with its supports, 
that centre is obliged to take. The phenomena df the single point 
still remain true; there is in every case a position of equilibrium 
when the system is placed in such a position that its centre of gravity 
isat a. In (1) the equilibrum is stable; in (2), unstable; in (3), 
indifferent ; in (4), stable or unstable, according to the direction of 
disturbance ; in (5), unstable, with results like those of stability. It 
is an error to state, as is frequently done, that there is no equilibrium 
in such a system except when its centre of gravity is highest or 
lowest ; as is obvious from (3) and (4). The general proposition which 
is true is this—that a system acted on by its own weight is in equili- 
brium then, and then only, when its centre of gravity is placed at that 
point of its path which has its tangent parallel to the horizon, or per- 
pendicular to the direction of gravity. 

When a system is supported on three or more points, it is well 
known that there is no equilibrium unless the vertical passing 
through the centre of gravity cuts the polygon formed by joining 
these points. This must not be confounded, as is sometimes done, 
with a case of distinction between stable and unstable bg ‘segs 
for it is a case of equilibrium or no equilibrium, according as the 
central vertical cuts or does not cut the base of the figure. Of course 
it is in the power of any one to say that stability means equilibration 
and instability non-equilibration ; but such is not the technical use of 
these words in mechanics: stability and instability refer to equili- 
brium, stable equilibrium being that which would only be converted 
into oscillation by a disturbance, and unstable equilibrium that which 
would not beso converted. 

Neither must the effects of friction or other resistances be con- 
founded with those of a stable or unstable disposition. A ladder rest- 
ing against horizontal ground and a vertical wall is maintained by 


* friction ; were it not for friction, there would not be rest in any posi- 


tion; and as it is, the angle which the ladder makes with the ground 
must not be too small. There is thus a set of positions, from the 
yertical one to a certain inclination, depending on the amount of 
friction, in all of which there is equilibrium ; while in every other 
position there is no equilibrium. In no case must the words stability 
ee rovany ve cand. in such manner as to confuse their popular 
with their sense. 

Under Sotan System is pointed out what is meant by the stability 
of that system. When a system has a motion of a permanent charac- 
ter, it is stable if a small disturbance only produce oscillations in that 
motion, or make permanent alterations of too slight a character to 
allow the subsequent mutual actions of the parts to destroy the per- 
manent character of the motion. Suppose a material body, for 
instance, to revolve about an axis passing through the centre of gravity 
unacted on by any forces except the weight of its parts. this 
axis be one of the principal axes, the rotation on it is pennies that 
is, the axis of rotation will continue unaltered, even though that axis 

not fixed. The rotation however, sponge persianens, is not stable 
about more than two out of the three principal axes. Let the first 
rotation be established about the axis which has the greatest moment 
of rotation, or the least, and if a slight di ent or disturbance be 
given, which has the effect of ucing a little alteration of the axis 
of rotation, that alteration not increase indefinitely, but will onl: 
occasion a perpetual transmission of the rotation from axis to axis, al 
the lines lying near to the principal axis first mentioned. But if that 
axis be chosen about which the moment of inertia is neither greatest 
nor least, any disturbance, however slight, will continually remove the 
axis of rotation farther and farther from the first axis, near which it 
will not return until it has made a circuit about one of the other two 
principal axes, > the se 

For the mathematical part of this subject, so far as we give it, see 
Virtvat VELocitigs. 

STADE DUTIES are so called from Stade, in the kingdom of 
Hanover, a town situated on the right bank of the Schwinge, three or 
four miles from where it falls into the Elbe, and 22 miles west by 
north from the city of Hamburg. The name Brunshausen Tolls is now 
more commonly used, from the village of Brunshausen, at the mouth 
of the Schwinge, where there is a custom-house and a royal guard-ship, 
and where the duties are collected which are levied on vessels and 


merchandise passing up the Elbe. The original duties, which were 
regulated by a treaty made in 1691, were light, but were gradually 
increased by the Hanoverian government till they amounted to about 
40,000/. a-year. The duties levied were about 4 per cent. ad valorem, 
more on some articles and less on others. British vessels by a procla- 
mation of Geo. II., December 1, 1736, were allowed under certain 
regulations to sail directly up to Hamburg, without coming to anchor 
“ Son mouth of the Schwinge, as other foreign vessels were obliged 
0. 

By a convention between the King of Hanover and the heads of the 
other Elbe-bordering states (Emperor cf Austria, King of Prussia, 
King of Saxony, King of Denmark, Duke of Mecklenburg-Schwerin, 
Duke of Anhalt-Coethen, Duke of Anhalt-Dessau, Duke of Anhalt- 
Bernburg, Free and Hanseatic town of Liibeck, and Free and Hanseatic 
town of Hamburg), dated April 13, 1844, in conformity with articles 
108 and 116 of Act of Congress of Vienna, of June 9, 1815, the 
Brunshausen Tolls were revised, regulated, and settled according to a 
Toll-Tariff agreed upon by the contracting parties. 

These rates, by a treaty with Great Britain in July, 1844, were to 
continue in force till January 1,1854. The treaty was then renewed, 
temporarily, while the question of the abolition of the duties was 
considered, as they were felt to be oppressive and unjust, nothing 
being done to benefit the navigation in return for them. At length a 
com tion of 3,000,000/. was offered, of which Hamburg, which 
would derive the greatest benefit, was to pay one-third; Great Britain 
1,125,206/., and all the other commercial states of Europe with the 
United States of America the remainder, in proportion to their com- 
merce. This has been agreed to, but the ratification has not yet been 
completed. 

STA’DIUM (6 orddios and rd orddiov), the principal Greek measure of 
length, was equal to 600 Greek or 625 Roman feet, that is, to 606 feet 
9 inches English, The Roman mile contained 8 stadia. The Roman 
writers often measure by stadia, chiefly in phical and astro- 
nomical measurements. (Herod., ii. 149; Plin., ‘ Hist, Nat.,’ ii., 23 or 
21; Columell., ‘ Re. Rust.,’ v. 1; Strabo, vii., p. 497.) 

The standard length of this measure was th distance between the 
pillars at the two ends of the foot-race course at Olympia, which was 
itself called stadiwm, from its length, and this standard prevailed 
throughout Greece. Some writers have attempted to show that there 
were other stadia in use in Greece besides the Olympic. The only 
passages in which’anything of the kind seems to stated are one 
in Censorinus (‘De Die Natali,’ c. 13), which, as far as it can be 
understood, evidently contains some mistake; and another which 
is quoted by Aulus Gellius (i, 1) from Plutarch, but which 
peas of the race-courses called stadia, not of the stadium as a 
measure, 

The principal argument for a variety of stadia is that of Major 
Rennell (‘ Geog. of Herod ,’ s, 2); namely, that when ancient authors 
have stated the distances between known places, and a comparison is 
made between their statements and the actual distances, the distances 
stated by them are invariably found to be too great, never too small. 
Hence the conclusion is drawn that they used an itinerary stade shorter 
than the Olympic. If so, it is strange that the very writers who have 
left us these statements of distances have not said a word about 
the itinerary stade which they are supposed to have used, while several 
of them often speak of the Olympic stade as containing 600 Greek feet. 
But there is a very simple explanation of the difficulty, which is given 
by Ukert, in his ‘ Geographie der Griechen und Rémer’ (i., ii., p. 56, 
jr The common Greek method of reckoning distances, both by sea 

land, was by computation, not by measurement. A journey or 
voyage took a certain number of days, and this number was reduced 
to stadia, by allowing a certain number of stadia to each day’s journey. 
The number of stadia so allowed was computed on the supposition that 
circumstances were favourable to the traveller's progress; and there- 
fore every impediment, such as wind, tide, currents, windings of the 
coast, a heavily laden or badly sailing ship, or any deviation from the 
shortest track by sea, and the corresponding hindrances by land, would 
all tend to increase the number of days which the journey took, and 
consequently the number of stadia which the distance was computed 
to contain. These circumstances, together with the fact that the Greek 
writers are by no means agreed as to the number of stadia contained 
in a day’s journey, and other sources of inaccuracy which we know to 
have existed, furnish a satisfactory explanation of the discrepancies 
which we find in their statements of aintedical, both when compared 
with one another, and when compared with the actual fact, without 
there being any occasion to resort to the supposition of a stade different 
from the Olympic. Colonel Leake ‘ On the Stade as a Linear Measure’ 
(‘Journal of the Royal Geographical Society of London,’ vol. ix., 
1839), has also come to the ¢onclusion “ that the stade, as a linear 
measure, had but one standard, namely, the length of the foot-race, 
or interval between the dperhpia and xayrrip in all the stadia of 
Greece, and which is very clearly definéd as haying contained 600 
Greek feet.” 

When we come however to writers as late as the 3rd century of the 
Christian era, we do find stadia of different lengths. Of these the 
oT m7 es of 7 and 74 to the Roman mile. (Wurm, ‘ De Pond.,’ 
&e., ‘ 

The following table, from the Appendix to Hussey’s ‘Ancient 
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2. The race-course for foot-races at Olympia was called stadiutti, as 
above mentioned, and the samme natne wis applied to all other stich 
courses, 

The stadium consisted of a flat area, surrounded by raised seats, and 
was made either in a spot which had by nature the required shape, or 
in the side of a hill, or on a plain. In the last two cases the stadium 
was constructed by forming a mound of earth of the proper shape, and 
covering it with stone or marble for the seats. The second of these 
three forms was the most common. Of the third we have a fine 
example in the Panathenaic Stadium at Athens. The atea of the 
stadium was oblong, terminating at one end in a semicircle, At the 
other end it was bounded by a wall, at the two extremities of which 
were the entrances, one on each side of the stadium, Here was the 
starting-place (&gecis, ypaueh, SowAnt, or BadBls), marked by a square 
pillar in the middle of the breadth of the area. Another pyc e! 
was placed at the other end of the course, at the distance of a jum 
from the former, and at or near the centre of the semicircular end 
of tle area. This pillar marked the termination of the simple foot-race 
{Otympran Games}, but in the Diaulus the runners turned round it and 
went back to the starting-place; in the Dolichus they turned round 
both pillars several times, according to the number of stadia of which 
the course consisted. The end of the course was called répiia, Bathp, 
Tédos, Kanmrhp and vicca. -Halfway between these pillars stood a 
third. On the pillar at the starting-place was inscribed the word 
&ploreve (excel); on the middle one, owevde (hasten); on the one at the 
goal, xduyov (tum). The semicircular end of the area (opevdov4) was 
thus not used in the foot-race. Here probably the other gymnastic 
contests took place; for though the stadium was originally intended 
only for the foot-race, yet as the other contests came to be added to 
the games, they also took place in the stadium, except the horse-races, 
for which 4 separate course was set apart, shaped like the stadium, but 
larger : this was called immé5popos. 3 

Among the seats which surrounded the area, a conspicuous place, 
opposite to the goal, was set apart for the three Hellanodicae, who 
decided the contests, and who entered the stadium by a secret 
Opposite to them on the other side of the stadium, was an altar, on 
which the priest of Demeter Chamyne sat to view the games, 
The area was ornamented with several altars and statues. 

The position of the stadium was sometimes, but not always, in con- 
nection with the asium. 

Under the Romans many of the Grecian stadia were modified so as 
to resemble the amphitheatre. 

There still exist considerable ruins of stadia: among the most re- 
markable of which are those at Delphi, Athens, Messene, Ephesus, and 
Laodicea. 

(Pausanias, ii. 27,6; vi. 20,5,6; ix. 23,1; Miiller’s Archdologie der 
Kunst, sec. Ne Krause, Die Gymnastik und Agonistik der Hellenen, 
is, p. 131, &e. 

STADTHOLDER (Statthalter in German, Stadhouder in Dutch) 
means lieutenant or governor. The appellative Statthalter is used in 
the cantons of German Switzerland, to denote the civil officer who is 
next to the landamman or chief magistrate. In the federal republic 
of the Seven United Provinces of the Netherlands, the stadhouder was 
himself the first magistrate or president of the Union. When several 
of the towns-of Holland revolted against the tyranny of the Duke of 
Alba, the lieutenant of King Philip of Spain, they chose for their 
Eings William, prince of , Swearing allegiance to him as the 


s stadhouder, thus implying that they had revolted against the 
e of Alba and not agai i Philip. But it was not until after 
the death of William, in 1584, the three united provinces of 
Holland, Zealand, and Utrecht to have one stadhouder in 
common, and appointed to that office Maurice of Nassau, son of the 
deceased William. (Puffendorf.) From that time the stadhoudership 
continued in the house of Nassan till the death of William III. in 
1702, when the male line of William L. becoming extinct, the office 
remained vacant, and was regen bets tacitl tg ed. But in gf 
after a struggle between the blican Peg Tat ies, the 
latter, having triumphed, Pate #2 William IV., of a collateral branch 
of the Nassau family, hereditary stadhouder of the Seven United 
Provinces. His son William V. was expelled by the French in 1795, 
and the stadhoudership by treaty with France in 1802, since 
which the office has not been revived, the republic of the Netherlands 
haying been transformed into a kingdom. 
STAFF, in Music. The five parallel lines and the four spaces 
between the lines, on which notes and other musical characters are 
placed, are, collectively, called the Staff. 
STAFF, MILITARY. In the British empire this consists, under the 
sovereign and the general commanding-in-chief, of those general, field, 


| death of | 


ro of 
the chaplain-general of the forces. The staff of the o: 
With tide deghtisa 6s assistants: th cag ag ag A 
' its: the | 
tions, and the director. of artillery, The duties connected 
with the Ordnance ha been transferred to the War ieee od 
the office of master-general has been abolished, atid the staff made a 
part of the War Office. The head-quarters for the general staff are in 
London. There are also, for the several districts into which 
es or is eee j 
general, and majors o le, togeth 
e recruii abrtise, The head-quarters for Scotland are at Edin- 
For Ireland, besides the lord-liewtenant and his aid i 
the chiefs of the staff consist of a eS et and a - 
ir assistants. Their head-quarters are 
at Dublin; and there are, besides, the several officers for the 
districts of that part of the empire, 
there is a staff graduated i 
army, and ing of 


discipline, 
Proof thet service is expired. To the quartermaster-general 
is confided the duty of regulating the marches of the troops, bean 
the supplies of provisions, and assigning the quarters, or places 
encampment. 

All military commanders of territories or of bodies of in 
Great Britain, Ireland, or in foreign stations, transmit oe to 
the adjutant-general of the army circumstantial accounts of the sta 
of the territory and of the troops which they command; and the 
reports are ly submitted to the general commanding-in-chief. 

e staff of a regiment consists of the adjutant, quartermaster, pay- 
master, chaplain, and surgeon. 

The first establishment of a 


ent military 
as it was called) was made in 


t actions had 
yvoured to 


a 
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name of the senior department, continue to be instructed in 
of the staff, and in the sciences connected with the pee Aes 
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for several years it was reduced to a single company, which was 
charged with the duty of repairing the military canal at Hythe. This 
company was incorporated with the corps of sappers and 
miners, 


The duties of officers belonging to the quartermaster-general’s staff, 
in certain respects similar, are different from those of the 
military engineers; the latter are employed in the construction of 
+ fortifications, batteries, and field-works; while the former 

in order to discover roads, or sites for military positions, 

of battle, or quarters for the troops. The education of a 
staff-officer is such as may qualify him for appreciating the military 


roads and the courses of rivers or streams; 
countries to distinguish the principal chains from their ramifications, 
to examine the entrances of gorges, and to determine the heights of 
eminences or the depths of ravines. He has, besides, to acquire a 
facility in ining or estimating the resources of a district with 
respect to the means it affords of supplying provisions or quarters for 
the troops. [Reconnarssancz. ] 2 

The staff-officer ought also to know how to correct the illusions to 
which the eye is subjectin examining ground, from the different states 
of the air, and the number and nature of the objects which may inter- 
vene between himself and those whose positions are required. He 
ought to be able to estimate the number of men whom a visible tract 
of ground can contain, and to form a judgment concerning the 
dispositions and stratagems which it may permit an army to put in 
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es I.) that no hackney or hired coach 
Westminster, or the suburbs, unless it 


the horse in 1637 to grant licences to fifty hackney-coach- 

and about London and Westminster, and as many others as 

be needful in other places in England, each coachman being 

ee re eee ee ee oe In Fee Pa yp age oy 

ily plying in streets was li to 200; in 

athens & 300, allowing however only 600 horses; and 

increase was at different times allowed till 1771, when the number 

was further increased to 1000, Notwithstanding this steady 

in the use of hackney-coaches, they were long assailed as 
public nuisances, 


Captain Baily, near the May-pole in the Strand. Even so late as 1660 
Gitte i taots pdenives cots tenn standing in 
to be hired. The monopoly long enjoyed by the London 
hackney-coachmen produced great indifference to the increasing wants 
the community ; even down to the year 1823, while that monopoly 

-coaches appear to have sunk lower and 


from the fare. With the 
varieties-of 


rapid extension of this lighter class of vehicles, numerous 


construction have been introduced, in which comfortable and safe 
accommodation, with complete shelter from the weather and separation 
from the driver, is proyided for two, three, or four persons. The name 
cab is still commonly appliedto all hackney-carriages drawn by one 
horse, whether on two or four wheels, During the first few years 
of the employment of such carriages their number was restricted to 
65, while the number of coach-licences was increased to 1200; but in 
1832 all restriction as to the number of hackney carriages was 
removed, ; “i 

Since the year 1822 hackney carriage-drivers have been required to 
deposit any articles which may be accidentally left in their vehicles 
with the registrar of licences, to whom the owners of the lost property 
may apply for its restoration, The property thus recovered has often 
exceeded 10,0007. in a single year. To lessen the risk in reference to 
one important department of hackney carriage business, the railway 
companies which have termini in London enter into arrangements by 
which a limited number of carriages, driven only by men of well 
attested respectability, are allowed to stand within their stations, to 
convey passengers to their respective destinations, under a system of 
supervision so strict, that any case of misconduct or overcharge is 
almost certain to be brought home to the guilty party. 

The hackney carriages of the metropolis are now regulated as to 
vehicles, drivers, and fares by the Act 16 & 17 Vict. c. 33, (1853). Every 
owner of a stage-carriage must be licensed. On applying to the 
Commissioners of Police for a licence, his vehicle is to be inspected; 
if it be approved on inspection, the Commissioners grant a certificate, 
stating how many persons the vehicle is permitted to carry. On the 

mtation of this certificate, the Board of Inland Revenue grants a 
. The police commissioners are empowered, at any time deemed 
by them proper, to order an inspection of metropolitan stage and 
hackney-carriages and horses; if any are found in improper condition, 
notice thereof is sent to the proprietor ; if he neglect to attend to this 
warning, the commissioners may suspend his licence for a stated time, 
and take away his Stamp Office plate until after the expiration of that 
time. The fares for hackney-carriages are fixed at 6d. for every mile 
or fraction of a mile, or 2s. per hour. Back fares are disallowed ; but 
6d. per quarter of an hour is allowed for detention. Each hackney- 
carriage is to be provided with a table of fares, and each driver with a 
book of fares, which he is to produce when required. The driver 
must not refuse to carry a fare, if the distance be within six miles or 
the time within an hour; beyond these limits he may exercise an 
option. When hired by time, the driver is not bound to go more than 
four miles an hour, paid 6d. mile extra. The driver is to 
give a ticket to his fare, inscribed with the Stamp Office number of the 
carriage. The carriage must contain, in writing, a notification of the 
number .of persons it may carry at once, A reasonable quantity of 
luggage is to be taken free of charge. Property left in carriages is to 
be aceounted for, by the driver, under certain tions. Lamps are 
to be lighted in or on the carriages at night. The police are to have 
control over all the coach-stands. In the cases where a hackney- 
carriage is drawn by more than one horse, an addition of one-third may 
be made to the fare, The driver may refuse to charge by time instead 
of distance, between eight in the evening and six in the morning. If 
more than two persons ride in a hackney carriage, 6d. for each is 
charged (over any distance) beyond the regular fare.—All these pro- 
yisions are enforced by fine or imprisonment. 

The above act related chiefly to hackney-carriages in connection 
with the public. Another, relating to their connection with the 
reyenue, was passed in the same year (16 & 17 Vict. c.127). The old 
duties (5/, for a licence, and 10s. per week) were repealed, and lower 
duties iny The licence for eyery hackney-carriage is to be 2/., 
and the duty is to be 6s. or 7s., according as the carriage is to be 
worked six or seven days in a week, Every licence is for one year 
only, and is to be renewed annually. The number-plate is proof of 
the licence. Drivers are entitled to charge 1s, per mile instead of 6d. 
for any portion of their route beyond four miles from Charing Cross ; 
paaba tS ig the seariage 5 discharged beyond that limit. A proprietor 
must not withdraw his hackney-carriage from plying, beyond one day 
at a time, without giving notice of his intention to that effect. 

We must here state that hackney carriages, as regulated by law, 
comprise only those which work within the police limits of the metro- 

lis. Beyond those limits, the owners have to pay post-horse duty 
fPosmxa} and possibly some local tax imposed by municipal authori- 
ties; but none of the duties mentioned in this article. The sum 
contributed to the national revenue by the London cabs (for in the 
middle of 1860 there was only one pair-horse hackney-coach left) is 
considerable, The duty of a shilling a day brings in about 80,0002. 
or 85,000/. per annum; while the cab licence, and the drivers’ and 
watermen’s licences, raise this to about 4000/7. more. There were rather 
over 5100 London cabs in the middle of 1860, The drivers are more 
numerous than the cabs; for there are often a day driver and a night 
driver for the oy yn The ti a es seth Peas run on 
Sundays, bear for distinction nur ex ve figures, 
rot min pd with 10,000. Of the sum realised by the arena from 
the metropolitan cabs, about 13,000/. is annually handed over to the 
Commissioners of Police, to defray the expenses of supervision, water- 
men, coach-stands, &e. It is computed that seven horses are on an 


average kept for three cabs. Some of the cab-masters own above 
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fifty vehicles each ; most of them own a few only: and in certain cases 
the cabman is the owner of the vehicle which he drives. The patent 
or ‘ Hansom ’ cabs, peculiar for their construction and their high speed, 
are well-horsed ; and there is observable a gradual improvement in the 
general condition of the horses employed in the London cabs. 

In Paris, the hackney carriages are under strict regulation. The 

custom has been to so much for a course, or journey, 
whether long or short, provided it be within the limits of Paris. This 
charge used to be one frane ; but practically, a fee to the driver raised 
it to a few sous more. A few years ago this system was changed ; 
every vehicle was provided by the authorities with a timepiece or 
watch, and fares were the hour. For some reason this 
m was abandoned after a trial, and the old method of paying for 

e course resumed. The pernicious custom of allowing the driver 
to demand a fee or “ pour boire,” without defining its amount, con- 
tinnes. 

Stage Carriages—We have next to notice those public carriages 
which run regular stages or routes, and which charge by the journey, 
not by the mile or the hour. 

Stage-coaches were first used in England soon after the introduction 
of hired carriages. In Scotland, in 1678, Provost Campbell established 
a coach to run from Glasgow to Edinburgh, “drawn by sax able 
horses, to leave Edinboro’ ilk Monday morning, and return again (God 
willing) ilk Saturday night.” The first mail coach travelled from 
London to Edinburgh about 1785, and to Glasgow in 1788. Springs 
were the first means towards better travelling; since their invention, 
the increased speed and better appointment of English stage-coaches 
have been caused by the improvement of roads, in conjunction with the 
great demand for rapid travelling. In this country the best stage- 
coaches were very perfect machines, and the arrangements by which 
they were conducted were well-planned, but some deterioration has 
taken place since their very general displacement by railways. The 
expense of horsing a four-horse coach, running at the speed of from nine 
to ten miles an hour was reckoned at 3/. a double mile for 28 days (a 
lunar month); so that a person horsing ten miles of a coach passing 
backwards and forwards each day, required to earn or receive by way of 
remuneration 13 times 30/. or 3901. a year for his work. Mails are 
exempt from turnpike tolls, but a tax is paid for them to the govern- 
ment, and mileage to the contractor for the use of the coach. The 
Post-office allows them a certain sum, determined by circumstances, 
per mile for carrying the letters; in consideration of this, it claims a 
right to limit their number of passengers, and regulate their speed and 
time of starting: the guard is the servant of, the Post-office. 

Short-stage-coaches, plying in the neighbourhood of towns, have 
been nearly superseded by omnibuses. 

Until about the year 1830, in the metropolis a few slow and un- 
punctual stages were the only means of transit provided for the 
citizens to convey them to their suburban residences. A little earlier, 
only one stage plied from Paddington to the Bank; and this single 
vehicle, going in the morning and returning at night, was not always 
full. Its fares were two shillings inside, and eighteen-pence outside. 
The old stage-coaches could only carry four, or-at most six, inside 
passengers ; and when an attempt was made, about the year 1800, to 
introduce a more commodious kind of vehicle, resembling an omnibus, 
the project failed, in consequence of a —— prejudice against the 
hearse-like appearance of the carriage. The long-bodied carriage then 
tried was drawn by four horses, and had six wheels, When re- 
introduced from Paris, the omnibus had four wheels, but was much 
longer and heavier than at present, and was drawn by three horses 
abreast. The first successful omnibus in London was started by a 
eoach-builder named Shillibeer, in 1829, to run between Greenwich 
and Charing-Cross, at fares considerably less than those of the old 
short stages; in addition to which advantage, the greater part of the 
passengers were sheltered from the weather. Success in the first 
experiment led Shillibeer to establish omnibuses between Paddington 
and the Bank. After opposing the innoyation most violently for a 
time, the old coach-proprietors followed his example, started omnibuses 
of their own, and by combined opposition succeeded in driving him 
entirely off the road ; not, however, before the new system of travelling 
was fully established. 

A few notices concerning the omnibus system of the present day 
may be added; but we must first speak of the legislation on the 
subject of stage-carriages. 

In 1799 the Act of Parliament was passed (19 Geo. III., c. 51) 
which first imposed a duty on hired carriages of any description. This 
duty has at times been variously regulated. By an Act passed in 
1833, the duty on stage-coaches was made to depend on the number of 
miles such carriage is authorised by the licence to travel in the day, 
week, or month, as the case may be, This duty might be compounded 
for. Every stage-carriage is to have a numbered plate affixed to it; a 
licence is necessary for every pair of plates, and the number of 

each carriage “ eesti’ bef carry is stated oateed ore 

ese regulations are applicable such carriages out the 

country, and include the more recently introduced cain gai in 
no way eee by the legislature. The conduct of the 

carriages which are employed in London and within ten miles of the 

General Post-office, is further regulated by an Act passed in 1838, in 

which they are directed to be called “ metropolitan stage-carriages,” 


of a few years the association 


and by which, besides the rules applicable by previous acts to 
conveyances as other enactments are made as to 

Stamp-Office plates, &c. It also empowers the Secretary of State 
appoint a Registrar of M itan Stage-Carriages, whose duty it is 
issue the licence which the of Stamps are authorised 
grant to drivers and conductors. These licences the registrar may 
grant to any person above 16 years of age who can produce certificates 
of his ability to drive, and of good character. The licence is renewable 
yearly, and with it is given an abstract of the laws and penalties to 
which the receiver is amenable, and a numbered ticket, the latter of 
which he is to wear conspicuously on his person, and not to transfer 
or lend. The duty is calculated in the proportion of so much per mile 
according to the number of passengers the carriage may be licensed to 


carry. 

Another regulative Act was passed in 1848, Proprietors are, as 
before, to fix their own fares; but the list of fares is to be pain 
within-side the coach or omnibus. A further Act, passed in 1855, 
contained two or three clauses relating to wage corre. The 
duty is reduced from 14d. to 1d. per mile. e charge for a su 
mentary licence is reduced from 5s. to 1s. On the other |, the 
liberty to compound for stage-carriage duties is withdrawn. 

In 1836, a joint-stock association called the “ London Conveyance 
Company” was established, which proposed to run omnibuses 
along the principal lines of traffic, starting at short and in- 
\tervals, and conducted by men of sober and respectable er. 
The result of this experiment was so successful, that other owners 
formed themselves into bodies of similar character. In the course 
system was almost universally adopted 
in the metropolis. For some years the traffic from Paddington to the 
Bank through Holborn was managed by the London Conveyance Com- 

y, with more than eighty omnibuses, and not less than a thousand 

orses, Each of the omnibuses performed upon an average six double 
journeys per day, and required at least ten horses to work it, inde- 
pendent of casualties. These horses were selected for strength and 
activity, and an experienced veterinary surgeon, with a staff of assistants 
and farriers, was employed to attend to them. The annual receipts 
of this company alone were roughly estimated at 80,0002. to 100,0002, 
About the year 1844 it was found that, out of 1400 metropolitan 
omnibuses, 200 were e ed on various routes to Paddi In 
1855 a “ London Gen Omnibus Company” was establi It 
was of French origin, as a Société en Commandite, but was afterwards 
transformed into an English Company with limited liability. A capital 
was raised by shares; and the company proceeded, not to 


new omnibuses and omnibus routes, but to purchase those already 
existing. The sets of omnibuses known as the “ Welli nm,” Atlas,” 
“ Waterloo,” “ Favourite,” &., were one by one bought up, On an 


average the company purchased eleven horses with omnibus, In 
order to propitiate the public the a promised new and superior 
vehicles. They offered a prize of 100/. for a design for an improved 
omnibus; but though the prize was awarded, the company have not 
adopted that or any other particular model in the build of their 
omnibuses. The operations gradually extended until the com; 
became possessed of more than 600 omnibuses: each omnibus, wii 
its stud of horses, harness, and “ goodwill” of the business 
established, cost on an average about 7001. The horses exceed 60 
in number. It has been found that these metropolitan omnibuses, one 
with another, run more than 20,000 miles a year each. 

the stock the average expenditure has been about 120/. per omnibus, 
801. per horse, and 12/, harness. Each horse, under ay prices, 
costs 26s. per week for food, litter, medicine, shoeing, attendance, &e, 
The “ wear and tear” of omnibus and harness per week is about 24s. 
The horses run about 12 miles per day each on an average. 

The transactions of this company during the year 1860 present a 
strange result in a financial point of view: 40,000,000 passengers had 
been conveyed, and had paid about 589,000/. to the company for that 
service; but the ex incurred in rendering the service was 
591,0002., showing a small but actual loss on the whole year’s opera- 
tions, and leaving no dividend whatever for the invested capital. The 
receipts show an av of about 34d. per passenger. i 

The omnibuses in Glasgow, Liv: 1, Manchester, and several other 


towns, are in most respects superior to those of London. Projects’ 


have been formed for running omnibuses on tramways in the public 

streets; this plan was commenced at Birkenhead in 1860, 
The mileage duty paid to the government for the m 

omnibuses amounts to about 70,000/. a year; to which is ad 


15,00 
Stag es and omnibuses are not so severely taxed in other 
of the om. In Ireland the road traffic is mostly ciaatGhed by 
means of Bianconi’s stage cars—a remarkable example of successful and 
effective —— enterprise. 

STAINING. [Dyxrine; Guass Manuracture; Paper Hanorne.) 

STAIRCASE. This is an indispensable of the interior of 
buildings which consist of more than a ground-floor, and stairs of some 
sort must have always been employed wherever there were up 
rooms, and even to obtain access to the terraced roofs which are used in 
the East. But we are altogether ignorant of the character of ancient 
staircases, -Vitruvius-—who touches upon so many matters that are 
very remotely connected with his subject—gives no information about 


about 


01. a year for stamp-duty, and drivers’ and conductors’ licences. - 
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staircases ; neither has much light been thrown upon the subject by 
the discoveries of Pompeii. Searcely any indications even of upper 
floors to the houses haye there been found, and what few traces of 
staircases, or rather of stairs, remain, show them to have been exceed- 
ingly incommodious, fitted only for obtaining access to an upper loft, 
or to the roof, and not at all. adapted for constant communication 
between dwelling apartments on different floors. It may, therefore, 


very safely’be for granted—at least until some direct evidence to 
the shall be found—that the houses of the ancients were in 
this, as wi 


m2 and down, but as regards the diameter 
le, there being 


ing, a person is continually revolving, without any “ foot paces” 
resting upon, and cannot see whether he will encounter any one 
rere an aces Sreeenly Seley os prenenune at Side Lined 

vise, from their spiral or screw-like shape, whence the more 
modern appellation of corkscrew stairs, ing with the Italian 


, corresponding 
scala alla lwmaccia, or scala aHa chiocciola, with the French escalier | architectural 


& limagon, and the German 


walls being [ara seca bane parapet of the stairs 
formed either by richly carved balusters or open fretwork, frequently 
with heraldic figures 


Ei 
[E 


; and Knole, Kent, may be taken as examples of the 
kind. At a later period, staircases in mansions of a superior class were 


eeping. 

The planning of a staircase is ly considered one of the most 
difficult matters in internal itecture, and it is certainly one that 
requires great consideration. Yet there is no i difficulty, 
except where, as is ly the case in moderate-sized houses, the 
architect is cramped for room, more especially if, while restricted in 
that respect, the ascent from one floor to another is greater than usual. 
The number of stairs, and the space required for the convenient arrange- 
ment of them, are easily estimated when the height of the ascent from 
one floor to another is given, and the dimensions are determined for 
the risers and treads. Stairs are technically described as isting of 
risers and treads, the former being the fronts or heights of the steps, 

other their flat surfaces or breadths, Staire are further dis. 
ed as being flyers, those which ascend straightforward ; and 
winders, which having their treads trian, , coming quite to a point 
ir ends near the balusters, afford no footing there, and ought 
uently to be avoided whenever it is at all practicable to do so, 
Rdadk tac ceselégline series of stairs in the same direction, or 
between one quarter-space or half-space (palier) and another, which last 
are short intermediate landings, serving to lessen the fatigue of a con- 
tinuous ascent, by subdividing it into shorter flights. For the area 
containing, or rather constituting, the staircase itself, we have no 
distinct term in addition to the general one, similar to the French cage, 
the Italian gabhia, and the German treppenhaus. 
jaiegrenens to otice the most convenient proportions of the stairs 
as to height and breadth for their length. As to the 
breadth of the flights, that is comparatively arbitrary: it should never 
be much less than 4 feet, so as to allow two persons to pass, except 
in back-staircases; but it may be as much more as the space will 


, and what may be considered standard, proportio: 

‘or the risers and 12 inches for the treads; though from 64 to 7 inches 
may be allowed for the former, and only ten for the latter, in secondary 

In those of a very superior kind, on the con , the 
risers do not exceed 5 or even 4 inches (less height than which last 
would be more fatiguing than convenient), and their treads are then 
from 14 to 16 inches. The height, therefore, to the landing 
the floor to be reached being given, it is easy to calculate either 
many risers of a certain number of inches will be required; or 
be the dimensions of the risers and treads, in order to 
ithin the space allowed. Supposing the first-mentioned 
feet, and the risers 6 inches, two risers will be equiva- 
f ascent, and consequently twenty-eight risers will be 
-seven treads, the upper landing being the tread to 
2 such case, hardly less than an area of 20 by 8 feet, 
el of the w floor, would be sufficient for the staircase, 
i instead of quarter-spaces, or of a single half- 
ARTS AND SCI, DIV, VOL, VIL. 


it; 


L 
F 


a 
5 
st 


aE 
HF 


space between the two flights. The number of risers required is 
ascertained by reducing the given altitude of ascent to inches, and 
dividing it by the height of the risers: thus, taking the altitude as 
before (14 feet), and the risers at 5 inches, there must either be 33 
risers a trifle more than 5 inches each, or 34 a trifle less. Rondelet 
gives the following very simple formula for calculating the dimensions _ 
of the treads and risers respectively, namely, calling h the riser, and ¢ 
the tread, 2h+t=2 feet; it is based on the principle that the ordinary 
length of a pace is equal to 2 feet, and that the effort exercised in 
lifting the leg vertically is double the effort required to move it 
horizontally. 

Palladio, and others following him, have laid it down that the stair- 
case ought to be seen immediately on entering a building; but it is 
impossible to establish any positive rule for what must depend upon 
particular circumstances, and this is by no means the best general 
arrangement. Ina public building or place where strangers go in and 
out without inquiry, it may be desirable that the staircase should 
present itself at once; but certainly this is not the case in private 
mansions. On the contrary, it is in every better that the 
staircase should be kept out of view until the first vestibule has been 
passed through, and that it should be placed in a position as remote 
from the entrance into the house as the plan will admit, both in order 
that the approach to it may be lengthened, and that, in case it has any 
i pretensions at all, it may strike the more by not coming 
into view at once. At all events, only the lower part of the staircase 
—no more than is sufficient to indicate its situation—should be visible 
from the entrance, otherwise it will be inconveniently exposed; and if 
there are doors to several rooms on the upper landing, persons passing 
from one to the other would be seen from the hall. It is therefore a 
great error to place the staircase, as is sometimes done, in the first or 
entrance hall of a mansion, because, in addition to the inconvenience 
just pointed out, such hall must be made the height of two floors, and 
consequently, if otherwise suitably proportioned to such héight, it will 
be the most spacious and loftiest room, and so far be attended by a 
degree of effect which, instead of being afterwards increased or kept 
up, is greatly diminished. Such arrangement also cuts off the com- 
munication above between the rooms on one side of the hall and those 
on the other, except there is a gallery or continuation of the landing 
carried over the entrance. 

Even when kept apart from the entrance-hall or other vestibule, a 
staircase will always be sufficiently striking in proportion to the rest 
of a house, because it will produce greater architectural effect, and be 
loftier than the rooms themselves. We are now speaking only of what 
is usually termed a “ grand staircase,” leading up no higher than the 
principal floor, so that the whole of the space from the level of the 
landing is perfectly clear, and there are no flights leading up higher, 
for if there were, the space over head would appear encumbered and 
confused. There is in fact no part of an interior which accommodates 
itself more readily to architectural character and display, or which 
admits of greater variety of design both as to plan, section, and decora- 
tion, than a staircase of the kind just referred to. If the house itself 
be not upon a very large scale, there is danger of doing here rather too 
much than too little. In regard to altitude,.there will here always be - 
greater magnitude than elsewhere; if therefore corresponding magni- 
tude of Segre given to it, the staircase will overpower everything 
else, cause the rooms to a small by comparison, and ap in 
itself too large for the owees Lk is therefore desirable to ps ey the 
area, at léast the visible area of the staircase, rather less than more than 
that of any of the principal rooms. It is also rather a solecism to atfect 
magnitude of space in other respects corresponding to that of height. 
While it serves as a contrast to the apartments, loftiness or excess of 
height, as compared with length and breadth, is as much an appropriate 
characteristic of a staircase as it is of a tower. Its altitude therefore 
from the bottom of the first flight to the ceiling, may very properly be 
made between two or three times the breadth, Accordingly it will be 
found expedient to enclose the landing, if continued quite round the 
staircase, not merely by a screen of columns, but in such manner as to 
shut it out from view, with only partial openings at intervals, in order 
to ayoid too much spaciousness on that level, and to keep the cage of 
the same size from bottom to top. Of such staircase upon a large 
scale there is an example at Taymouth Castle, the seat of the ess 
of Breadalbane, which is about 40 feet square by 100 feet in height, 
with an upper corridor surrounding it, with open arches. 

One of the. most simple and effective yet least common arrange- 
ments of a staircase, is that which may be described the term 
avenue staircase, the stairs being continued in a straight line, Nap 
broken by spaces into a succession of flights, within what would 
be a level corridor or gallery ; and occupying its entire width. There 
is something particularly noble and majestic in a staircase of this kind, 
for although it may be narrow, considered as ‘a gallery, it looks 
unusually ious as a staircase, the flight itself being wider than 
those of staircases placed within a much larger area; besides which, 
the whole is more regularly disposed, and forms a more striking piece 
of perspective. Still, simple as such plan is in itself, it is by no means 
adapted to general application, because, although it requires only 
moderate width, it requires considerable length, short flights, and 
ample spaces between them, and stairs with low risers and broad 


| treads 5 otherwise, the descent, as viewed from above, being ina 
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straight line, looks precipitous, or at least has no dignity of appear- | gular plans ; and one advantage attending it is, that while the ascent 
ance. Another cirotunshteas whieh Malia Ataaiiene oh Cle tel 40 Soelt 4s 00 cyaciocl SMAMGimmaileus és Hf aha tibibs wal 
ndewgred cases, is, that in order for it to uce proper effect, the , there may be a secondary staircase for servants, shut up within 
eight to be ascended should be very m , hardly more than | the larger one. 
seven or eight feet; for else, the space at the foot of the stairs looks| The architectural effect of a staircase will greatly depend upon the 
confined, and the upper flights scarcely show themselves from that | mode of lighting it. Where it is carried up only one floor, best 
station. Hence, though it may be referred to as an instance of an | mode is to light it entirely from above, either through a dome or 
avenue staircase, the one ing to the keep or round tower at | lantern ee nee by ae part of the walls just 
Windsor Castle, is more remarkable than beautiful or grand, leaving | beneath the ceiling a continued lantern, 
decoration out of the question; the altitude ascended pap tet very ——- of the several flights, the effect will be insproved by their 
t. Sir John Bases hae given some ideas of the kind in his designs | being filled with stained glass, especially if towards a back court; or, 
or a ‘ Scala Regia ’—a favourite subject with him. The staircase of | if a conservatory can be carried out on the level of the first landing, 
the Chamber of Peers at Paris, designed by Percier and Fontaine, was | so as to show itself through,glaved folding-doors, a very eS 
an example of the kind, but not the best, for the ascent was so great | cheerful effect is obtained, even though the 
that the columns on its sides, on the same level as the landing, looked | be hardly more than a glazed veranda. As to material, stone is greatly 
quite insignificant, The National Gallery, again, afforded instances of | preferable to wood for stairs, if only on account of ter security in 
a different modification of the same arrangement, half the ascent being | case of fire; in lieu of stone, cast-iron may be employed. Marble is 
by an external flight in the vestibule, the remainder by another within | very rarely used for stairs in this country, and whenever it is, it should 
the corridor leading from it; and though not exactly suited for such | be left unpolished on the treads, or it would be 
a building, the idea is pleasing in itself and would produce a striking | them. The same remark applies to stairs of wainseot, unless they are 
effect, in one of less pretension. carpeted nearly their entire width.  - 

In public edifices or large mansions, whatever be the plan of the} STALL-FEEDING. The feeding of cattle in stalls for the a, 
principal staircase, it is generally branched, that is, there is first a wide | of fatting them more readily than by simple grazing, and ata 
central flight, and then two other narrower ones branching off from it | when they cannot get fat on pe asa of part in 
one on each side, either at right angles to it or as return — parallel | of husbandry, is comparatively modern. In fortner times were 
to it; and it is hardly necessary to observe, that in all such staircases | slaughtered in October and November, which latter, in most 
the foot-spaces are large, and that there are no winders. Extreme care | derived from the Teutonic, is called Slaughter-month, there no 
should, however, be taken in planning staircases of this (or indeed of} possibility of bw fresh meat of any — of fatness during winter, 
any) description for places of public resort, as theatres, concert- | and salt meat was the food of all classes in that season. But now the 
rooms, &c.,to so design them as to produce the least possible hindrance | process of fatting cattle goes on without interruption d the whole 
to the rapid passage of the audience in case of the occurrence of a panic. | year, and fat beasts come as regtilarly to market in winter as 
The branched staircase at Goldsmiths’ Hall, which is parted off from the Btall-feoding is now the principal means by which oxen and cows are 
vestibule by a glazed screen, is an example of more than ordinary | rendered fit for the market. 
splendour, being lighted by a dome. The branching flights at right] It has been observed, in the article Sorin, that one object of that 
angles to the first, lead to a landing on each side, which has a| system was to save the waste of food which is occasioned by the tread- 


double screen of Corinthian columns, so that the view across from | ing of cattle in pastures, and Lapa! choosing the sweetest to 
side to side, in the upper part, is unusually rich. At Buckingham | the neglect of the coarser. e principal object however is to save 
Palace, there is first a very wide flight, entered from between columns, | the manure, which in the pastures goes to waste, but in the or 


branching off right and left in curved flights, the cage, which is | stall is all preserved. In stall-feeding another object is looked to, 
about 36 by 26 feet, being curved elliptically on those. sides or ends. | of increasing the substance of the animal, capeeldily the fat; and to do 
In this example, the stairs rest upon a graduated podium or wall | this judiciously and with profit requires much experience and atten- 
enclosing the space immediately beneath, which serves.as a private | tion. It has been proved that animals require a certain portion of 
passage behind ; a mode frequently adopted in similar cases, being one | meat and drink to keep them alive, and that this quantity, in the same 
which contributes to solidity and”nobleness Be cae and pre- | species, is in general in proportion to the weight of th 
vents that mass of shadow beneath the stairs which gives a gloom to | animal has his 
the lower part of the staircase, ee ee ime i ORT onic ta acy annie ar 
Instead of there being a central flight below, the ascent frequently | certain portion of manure, which is not equivalent to con- 
begins on each side, and is carried up in one or more flights to the | sumed. If a larger quantity be given, the animal, if in health, will 
common landing, where both branches terminate; from which t | increase in weight, and the more food he has, within a certain limit, 
the stairs are sometimes continued, returning in an upper central flight, | the faster will be this increase: but there is a point where increase 
which is carried across an arch thrown from that landing or half-space, | stops; and if by any means the animal is induced to take more, his 
to a higher landing. Staircases of this kind, which may be termed | stomach will be d , and he will become diseased, and occasion 
_ bridge staircases, occur in the Custom House and the Auction Mart. | loss by over-feeding. It is consequently of great importance to 
Their effect, however, is not good, because the upper suspended flight | stall-feeder to ascertain what is the exact quantity of food which 
or bridge darkens the lower part of the staircase, and has a strangely | will be most profitable to give to a stall-fed animal. el ap alone 
awkward cumbersome appearance when viewed from that station. At | can teach this: but some rules may be given which enable any 
the best, therefore, they are suitable only for places of evening resort, | one who wishes to stall-feed cattle not greatly to err in his mode of 
where they can be lit up below as well as above. feeding, and soon to find out what is the most profitable course to 
The staircase of the Fitzwilliam Museum, Cambridge, claims notice, | pursue. For this purpose it is essential that after L 
not only on account of the richness of. the general design, but of some | by experiment the quantity of food which will give the greatest in- 
peculiarities in its arrangement. Strictly speaking however, this | crease of flesh per week on a certain weight of beasts veigued, to 
example can hardly be given as that of a staircase, according to the | fatten, all the food given to the cattle be carefully w x no 
preg wines, bo ager many teed stairs being mere flights of steps in | more be given in any day than is needful. The quality of the food 
the entrance That in the centre is a broad descending one, lead- | should also be attended to ; for a truss of fine well-made clover, lucern, 
ing down to the libraries, which are on a lower level than the hall; | or sainfoin hay, may contain double the nourishment of another truss 
and on each side of it is a rather narrower ascending flight to the | of coarse marsh hay. The best kind of food should always be reserved 
spacious landing carried around three sides of the hall, and serving as | for fatting cattle. “Roots alone are too watery, and must be corrected 
a statue gallery. Though the lower area is only 32 by 26 feet, conse- | by dry food, such as straw cut into chaff, or good hay, and 
quently that of the floor very much less, owing to the space oceupied | farinaceous food, whether it be corn bhai or |, or oil-cake, 
by the flights of steps, that of the ae part on the level of the land- | By a judicious mixture of food a much greater increase 
ing is 68 by 44 feet, the landing itself being about 17 feet wide. In| be S00 TT ee tee ee ee 
some degree similar in plan, although very different in design, is the | quality or abundant the quantity given may be, To as | 
hall at Holkham, the seat of the Earl of Leicester, which has a noble | unprofitable as to starve a , and produces similar effects. It is of { 
flight of steps within a recess or tribune enclosed by columns which are | great importance that the cattle should be fed with great 4 
continued along the sides of the hall. at certain hours during the day, and that the troughs be cleared | 
The grand staircase of the Reform Club-house, London, is an | of all the remains of food which they do not eat at each time of feeding. 
example, somewhat unusual in this country, though common enough | Rest and sleep are great aids to digestion, and a little gentle gh om 
in Italy, of what may be called an enclosed staircase; the flights are | after sleep the stomach fora fresh supply of food. 
shut up between walls, and uently there is no open well, nor can | is highly conducive to health; and hence thoes beasts which 
the whole be seen at one view. A plan of this kind therefore differs | allowed to move about in a loose stall, or a small yard protected fro’ 
from the avenue staircase, merely in not being carried straight-forward, | the rain and wind, thrive better in general than those 
but either returning in a parallel flight from the half-space or first | up. It is the practice of good feeders to a oxen in 
landing, or having the second flight at right angles with the first. | small stalls, partly open, ry they may be i 
The last is the case at the Reform Club-house, where the staircase | shelter, as they prefer; and the finest oxen, if not the fattest, are 
consists of three enclosed flights, the last being a return one to the | pared for the market in this way. Experience shows that all domestic 
first, and nate Sag the gallery around the upper part of the inner | animals like company, and that are more contented and quiet 
hall or saloon, That at Burleigh too is similarly planned, The same | when they have a companion than when they are alone. 
mode may be adopted for circular or semi-circular as well as rectan- | reason why they are put up in pairs, Whatever promotes 
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and comfort of the animal will be most profitable to the feeder. When 

a beast has acquired a certain degree of fatness, it is a nice point to 

decide whether it would be best to send him to market or continue to 
ry led 


done by weighing, but may nearly be guessed by mea- 
suring, it becomes a mere question in arithmetio 


The pride of pro- 

at a fair or show may be dearly paid for, 

and must be put down to the account of luxuries, like the keeping 
or 


ree pees 08 for fattening cattle is, in general, the pro- 
food is increased 


| 
| 


the profit of the dealer and the carriage of it. And the only com- 
pensation for this additional cost may be in the manure, 
where the straw and roots of the farm are deficient: in that case oil- 


terms stammer and stutter are synonymously 
terruption of utterance arising 


he jw i equally ncpable of to shut it. Stam 

Ww i of moving ut i mer 
with this spasm distorts utterance by an involuntary extension of 
some part of the syllable, as 1——augh, where the / is much pro- 


looseness of language resulting from inexact knowledge, all 

kinds of difficult and defective utterance are misnamed stammer; as 

the difficult utterance of the intoxicated, the faltering utterance of the 

paralytic, the imperfect utterance of deep emotion, as of fear, the 

defective utterance of malformed organs of speech, and the hesita- 

tion in discourse when the suitable word fails to present itself to a 

speaker's mind. Such affections of the utterance, however, are distinct 
from for 

, 
1, The stammerer's ovens: fers ounce words remains during 
calmness tind, and also when the app: 


health, soberness, ropriate 
words oceur to him. 

2. The stammerer feels his di of utterance essentially to consist 
in a refusal of some part of the to obey his will. 


3. The stammerer’s utmost efforts to force out any difficult word 
commonly excite spasm, and increase it if it previously existed. 

4, The stammerer’s inability to is intermittent: the same 
syllable is not always equally difficult to utter, and is sometimes 
uttered with ease, ‘ 


ugh 
both mouth and nose at once. The voice is produced in the larynx, 
eee whieh sity pals ee 
(musical sounds), as those of pitch, loudness, and quality ; or it may 
possess the peculiar conditions of those distinctions which constitute 
speech notes. the pharynx and mouth the volume of*vyoice is 


In 
magnified, and its quality is modified 


Observation and experiment concur to prove that the production of 
voice is an acoustic phenomenon depending on mechanical principles 
similar to those which regulate the production of sound from an 
inanimate instrument ; for it is now agreed that the upward current 
of air passing through the produces an effect on the vocal 
ligaments precisely similar to what it would if the larynx were an 
inanimate mechanism, The voluntary power over the larynx adjusts 
it to be acted on by the current of air, and thus the voice is to be 
regarded partly as a mechanical and partly as a physiological result. 

Observation and experiment concur to prove that the modification 
of voice into speech is also an acoustic phenomenon depending on 
principles similar to those which regulate the modification of sound by 
an inanimate instrument; for it is now agreed that the modification 
of voice into speech in passing through the variable cavity of the pha- 

mouth, and nose, produces an effect precisely similar to what 
would be produced if the variable cavity were an inanimate me- 
chanism. 

Thus both in voice and speech the production and modification 
vocal sound depend on the laws of acoustics, while the adjustments o 
the various parts of the apparatus which produce and modify the voice 
copend on voluntary muscular movement. The one is mechanical, the 

physiological . 

It is familiarly known that the movement of every organ is effected 
by muscular contraction; that both voluntary and involuntary con- 
traction of the muscles depend on the nerves; that all voluntary 
contraction is regulated by the brain; and also that the voluntary 
contraction of one muscle is accompanied by an adjusted voluntary 
relaxation of its antagonist muscle. 

The speech apparatus may be considered as consisting of the lungs 
or bellows, which can send a current of air through the trachea or 
windpipe to the larynx, which is situated on its summit. In the 
larynx this current of air can be yocalised at will into song, or into 
speech-sounds, which, on passing through the variable cavity, consist- 
ing of the mouth, pharynx, and nose, can be further modified into 

Thus the pe yp nd a whole machine, consists of 
the respiratory, the vocal, the enunciative 

The respiratory apparatus consists of the chest, the lungs, and the 
air-passages. The apna movements are involuntary and periodic ; 
the inspiration of breath alternates with its expiration ; and in both 
acts the breath flows in a continuous stream. There is a periodic 
action of the inspiratory muscles, but whether their action alternates 
with an action of the par agree A muscles, or simply with the spon- 
taneous return of the parts by their elasticity and gravity, is yet un- 
determined. The muscular actions during the tranquil respiration of 
repose appear to be limited to periodic inspiratory movements. 

The movements of respiration include the mutions of the diaphragm, 
the abdominal and thoracic muscles, and those of the larynx, which 
dilate and contract the aperture of the glottis. The nerves engaged in 
these movements are the phrenic, the spinal accessory, the vagus, 
many of the spinal nerves, and the portio dura of the seventh. The 
will can influence and somewhat modify the movements of respiration; 
thus we can prolong or shorten the duration of an inspiration, and 
we can delay orjhasten to begin one. We have similar control over 
the expiration of the breath; and we have power also to limit, or 
nearly so, the movements of respiration to sub-groups of muscles : thus 
we can breathe by the diaphragm alone, or by the ribs alone. 

Indeed in the act of vyocalising, whether for speech or song, the 
involuntary is almost superseded by the voluntary act of respiration. 
The will gives a different play to the chest. We breathe less by the 

i and more by the ribs; we shorten the duration of the 
“~~ and completely change the character of the expiration. 
ere are two modes of involuntary respiration: in the one, the 
breath issues in one continuous unbroken stream, as in the ordinary 
breathing of unrufiled tranquillity, which by some emotions is hurried 
and involuntarily vocalised, producing sighs, groans, &c.; in the other 
mode the stream of breath is interrupted so that it issues in detached 
portions, which during) some emotions is also involuntarily vocalised, 
ping heen erying, &e. ® ome ‘ 

The has power to produce voluntary expirations in both modes. 
The unbroken stream is termed the exhausting breath, which is often 

uired for a long-drawn note in song. The broken stream is termed 
the holding breadth, which is constantly required in lengths suitably 
adjusted to the demands of the syllables as they occur in speech. The 
general conditions of respiration, vocalisation, enunciation, and articu- 
lation, under which stammer occurs, are subjoined. mt 

I. Respiration.—1. Most stammerers eir respiration 
badly, although nearly all can speak freely inn Ahiaper: 2. They feel 
that they have insufficient breath to speak. This sensation, however, 
arises less from an insufficiency than from attempting to speak on an 
involuntary inspiration. The breath is expired to be vocalised by the 
yoluntary action of the ribs, which mechanically contract the chest’s 
cayity. The ribs, however, cannot accomplish this when they are in 

ition in which an ah gay bho mee leaves them; they 
must be raised to that position to w! a voluntary inspiration carries 
them, before they can act with mechanical effect on the chest to expire . 
a holding breath for the purpose of conversation, 8. With the sensa- 
tion of insufficiency of breath, some feel also a pain at the pit of the 
stomach, This pain is connected with attempting to speak on an 
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involuntary inspiration, and its severity is commonly increased by 
struggling to speak. 

Il. Vocalisation.—1, Song-voice. The song condition of voice seldom 
presents any difficulty to stammerers, Cases of stammer in the song- 
voice oceur but rarely, 

2. Speech voice.—Stammer occurs in all parts of the speech-note, 
more frequently, however, in the middle than towards the end, but 
most commonly at the initial. 

3. Pitch of Voice—Changes of pitch, whether concrete or discrete 
(slide or skip), through narrow intervals of the scale, present difficul- 
ties which wider changes of pitch do not. Stammerers can mostly 
declaim, if they cannot converse or quietly read ; and it is well known 
that wider intervals of pitch occur in declamation than in ordinary 
conversation. 

4, Loudness of Voice-—When the loudness of the speech-note is of 
the form of musical diminuendo, which begins abruptly and 
gradually diminishes in loudness, as thus figured =>, a difficulty is 
presented to the stammerer which does not occur if the form be the 
musical crescendo, where the note begins feebly, and gradually increases 
in loudness, as thus figured ——. 

5. Quality of Voice-—The conversation tone presents a greater 
difficulty than the falsetto, or than the full enriched voice of epic 
declamation. 

6. Quantity or Duration ab Syllables.—Short and inextensible syl- 
lables present a greater difficulty than the long and extensible. 

7. Accent,—The unaccented syllables of discourse seldom offer any 
difficulty to stammerers. The element, or combination of elements, 
which is difficult to utter with accent, is easy to utter without accent. 
The accent given by stress is infinitely more difficult than that given 
by extended duration. 

8. Rhythmus.—The measured movement of verse is easier for the 
stammerer than the unmeasured movement of prose and conversation. 

III, Enunciation.—Syllables are of two kinds, namely :— j 

1. Those com of one elementary sound, 
2. Those composed of more than one elementary sound. 

1, Vowels.—A vowel alone may constitute an accented syllable, and 
even a whole word, of which the pronoun J and the article a are 
familiar examples. Stammer often occurs on such syllables. 

2. Consonants.—When two or more are combined together without 
a vowel to form a syllable, they occur only as unaccented final syllables 
of words. The stammerer’s difficulty is less to utter the elementary 
sounds singly than to articulate them so as to form syllables. 

IV. Articulation—The elementary sounds are articulated in three 
orders of succession :-— 

1. The vowel followed by a consonant. 
2. The consonant followed by a vowel. 
3. The consonant followed by a consonant. 

Stammer occurs in each of these modes of articulation. There is 
seldom any difficulty in articulating two consonants together; some, 
however, is felt in postfixing a consonant to a vowel, and the greatest 
is felt in adding a vowel to a consonant. 

To these general conditions of voice and speech under which 

stammer occurs, may be added other conditions, such assex and age. A 
majority of stammerers are males; and few of either sex stammer from 
their infancy; children commonly speak freely until about five years 
of age. An occasional difficulty is first observed, which becomes more 
frequent up to the tenth year, when it is commonly at its maximum ; 
although the spasm frequently increases in severity up to manhood. In 
the decline of life sometimes the stammer spontaneously diminishes, 
and it has been known to entirely disappear. The voices of childhood 
and old age differ in several respects from that of the intermediate 
period of life. The speech melody of infancy is set in a high pitch, 
which often runs into the falsetto, and is much intersected with wide 
intervals both concrete and discrete. The loudness is chiefly of the 
crescendo form on long whining quantities. The voice of old age often 
falls into the tremulous scale, the rate of utterance is slow, steady, 
and uniform. The loudness is not often of the diminuendo form, and is 
on extended quantities. The accent is given to syllables by quantity 
rather than by stress, deliberate pauses are made, and the whole style 
is marked by the self-possession of experienced age conversing with a 
consciousness of superiority, if in nought else, in a longer reach of 
memory. Sudden changes of temperature, especially from a high to a 
low temperature, likewise tend to increase a stammer. 
The Varicties of Stammer are many, They all arise from—1. Diffi- 
culty to produce voice; 2. Difficulty to produce voice in quantities 
adjusted to the syllable’s demands; 8. Difficulty to produce the 
elementary sounds ; 4. Difficulty in joining such sounds together ; and 
in each of these classes there are varieties, 

Variety 1 arises from ill-regulated respiration, in which the effort to 
vocalise is accompanied with a feeling of insufficiency of breath. The 
stammer wr from an attempt to speak on an inyolun’ inspi- 
ration. holding breath cannot be maintained on an involuntary 
inspiration, and therefore gang respiration for speech must always 

in with an inspiration of brea’ The physiology of this stammer 
indicates a discipline for its removal. The organs of respiration must 
be drilled to rightly change the involuntary act of tion to the 


voluntary, which, with a course of rhythmus, will effect a permanent 
cure, 


2. The difficulty in producing voice which is occasioned by an involun- — 


tary closure of the glottis. In this variety of stammer, instead of the 
larynx receiving the adjustment for yocalisation in ready obedience to 
the will, the glottis fag te closes, either by an involuntary associate 
movement, or by a tetanic spasm, probably in most cases by the latter. 
Dr. Arnott pointed out the nature and means to cure it. His remed: 


consists in keeping open the glottis, by issuing a drone sound, 
ing to 


, but the event of two or 
three short or accented syllables following near together throws the 
glottal muscles into choreal spasm. The principles of discipline for 
the spasm will be similar to the preceding variety of stammer; while 
a distinct discipline must be projected to acquire a higher degree of 
associating power, 

5. The difficulty of uttering a vowel of uniform sound is a voice 
stammer, it being an absence of voluntary control over the vocalisation 
of the breath. The difficulty of uttering a diphthongal vowel may be 
either a voice or a speech stammer, and is often a combination of both. 
When the difficulty is to produce voice to begin the vowel, the stam- 
mer is vocal; and when the difficulty is to change 
from that for the initial, to that for the final sound of the diphthong, 
it is a speech stammer. When the difficulty is to produce voice to 
begin the consonant, the stammer is vocal; and when the difficulty is 
to change the adjustment from that for the initial to that for the 
sound of the consonant, it is a speech stammer. Stammer on the 
single elementary sounds of speech can be permanently remedied only 
by a systematic training of the disobedient organ which occasions it, 
The organ must be disciplined to perform the n movements 
under all conditions of voice, which, accompanied with a 
training of the whole apparatus of speech, conducted on rh: cal 
principles, will effectually remove the stammer. 

6. Stammer occurs in all three modes of articulation, namely :-— 

A consonant followed by a vowel, as bee; a vowel fojlowed by a con- 
sonant, as ebb ; a consonant followed by another consonant, as b/ of the 
word bled, is 

The difficulty in articulating the elemen' sounds of speech to 
form syllables, can be permanently eee by a systematic 
training of the disobedient organs to B siacsec their required move- 
ments for the several adjustments of the mouth which are necessary 
to articulation. The training must be general and special. The 
general is a rhythmic angry the whole speech-apparatus ; and the 
special is a training of the disobedient organ to perform its various 
movements in articulation. 

Our analytic description of stammering reveals three functional 
causes of inability to control the muscular movements which are re- 
quired for utterance, namely :— 

I. Spasm, both of the tetanus and chorea forms. All muscles are 
liable to spasm. Spasm of the larynx, the tongue, the lips, and the 
masseter muscle, are each sources of stammering. 

II. Defect in the associating power, which combines the voluntary 
movements of different organs in one simultaneous act, or in an allied 
succession of acts. Defective association of vocalisation with 
tion will occasion stammer; for perfect association of the voluntary 
movements of the larynx with those of the chest are required in utter- 
ance. The movements of the larynx and chest are effected by means 
of the , the recurrent, and the expiratory nerves. 

IIL Involuntary associate movements; as after mimicking a stam- 
merer it has been found that those muscular movements, which in the 
mimicry were voluntarily associated with ‘the proper movements of 
utterance, have suddenly become linked to them so firmly in allied 
motion, that the mimicker is unable to dissociate them, and an actual 
stammer results, ; 

The adoption of appropriate remedies for stammering then will 
depend on the following conditions, namely :—1. On the part of the 
speech-apparatus which is affected; 2. On the cause aieacern § the 
stammer ; and 8. On the vocal and other conditions undex which the 
utterance is least affected, The appropriate remedies for each are 
treated of in several works on the subject, among which we may men- 
tion Thelwall’s ‘ Letter to Clive on Stammering ;’ Cull’s ‘ Observations 
on Impediments of Speech ;’ Cull’s ‘Stammering Considered ;’ and 
J. Hunt's ‘ Treatise on the Cure of Stammering.’ 

STAMPING, STAMPING PRESS. The important manufactu’ 

of stamping will be found sufficiently described in 
oregoing articles in this work; such as Brass; Burton; Cmasina ; 
Correr; Mryt; Nexpix, &. In most varieties of the o on, the 
substance to be treated is in the form of a thin sheet. The pattern is 


the adjustment 


—— 2 
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engraved on two dies, one placed below and one above the plate; and 
the impression is given bo the upper die being made to fall forcibly 
upon, or being forcibly driven into, the plate. The lower die is 

a reverse of the upper, the one being in cameo and the other 
ini io; that is, any part of the device which is convex or raised in 
the one, is concave or sunk in the other. 


and sometimes they denote the nature of the instrument itself. If 
the instrument is written upon paper, the stamp is impressed in relief 


upon the paper itself; but toa parchment instrument the stamp is 
attached 


by paste and a small piece of lead which itself forms part of 
the impression. These stamps are easily forged, and at various times 
forgeries of them upon a large scale have heen discovered. The 
punishment for the forgery of stamps was long a capital offence; it is 
now le by imprisonment or penal servitude. 

In stamps are used both for the authentication of instruments 
and as a source of revenue: thus they constitute a large part of the 
income of the municipality of Paris. 

The stamp tax was first introduced into this country in the reign of 
William and Mary, such an impost having previously existed in 
Holland. The act 5 W. & M., c. 21, imposes stamps upon grants from 
the crown, diplomas, contracts, probates of wills and letters of 
administration, and upon all writs, proceedings, and records in courts 
of law and equity; it does not however seem to impose stamps upon 
dgeds, unless these are enrolled in the courts at Westminster or ota 
courts of record. Two years 


in the succeeding every instrument recording a transaction 
Spartans feo adivkieala Was ecbjected! $0 4:ntaanp duty before tb could 
be used in a court of justice. 


It is only possible thus generally to point out the nature of the 
things subject to stamps, as these have varied frequently, and are 
subject indeed to constant change, It is enough to refer to the stamps 
on pers and letters as an example. And it may be added here 
that it is only recently that the system of levying a tax by means of 
stamps on legal proceedings has been revived, after having been 
abandoned for a great many years. 

The general principle which regulates the courts in the interpretation 
the stamp acts is, that on the one hand fraudulent evasion of the 
duties be i by forfeiture of all benefit from the 
ught to have been stamped ; and, on the other hand, 


E 


authorised to receive th 

i is it of the amount of the stamp and penalty. Bills 
and notes cannot be stamped after they are made ; a provision intended 
to prevent fraud in the use of these important instruments of com- 
merce, 

An unstamped instrument, though in general inadmissible, may be 
used as evidence to defeat fraud, and, with certain limitations, to 
establish a criminal Thus, where an unstamped agreement 

wiring a stamp, it was used as evidence of that 
matter, although invalid as evidence of the terms of the agreement. 
likewise may be maintained, although the 
instrument forged may be invalid for want of a proper stamp; but 
such an invalid instrument is not sufficient to support an indictment 
for larceny. 
The stamp duties and the custody of the dies are placed under the 
superintendence of commissioners, who transact their business in 
Somerset House, London, It may not be out of place to remark that 
the endeavour to impose stamp duties upon our American colonies 
in 1765, was one of the proximate causes of the American revolution. 

STANAMYL. [Orcanomeratiic Boptzs. 

EIGHT, Measure, &c., 


STANDARD OF MEASURE, &. 
STANDARD OF. 

can porate Fo ory eta deter- 
mining ific gravity of soli A stan of com- 
parison is the weight of i equal bulk of custilled water at 60° Fahr. ; 
and for gases and vapours atmospheric air is the standard at 60° Fahr., 
and under a of 30 inches, In France the standard tempera- 
ture is 0°C. (32° Fahr.), and the pressure is 760 millimétres, or 29°922 
inches, The unit of density is the volume of an equal bulk of water, 


at its point of maximum density, namely, 39°2 Fahr. [Spxcrrro 
Gravity ; Heat. 

STANDARDS are those trees or shrubs which stand singly, without 
being attached to any wall or support. In gardening and planting 
they are distinguished into three kinds, the full standard, the half 
standard, and the dwarf standard. The full standards are trees whose 
stems are suffered to grow seven or eight feet or more without allowi 
side branches to be developed, but at this point are allowed to s 
in all directions. In this way most fruit-trees, with the exception of 
the vine, may be grown, though many of those of the almond tribe, as 
the peach, apricot, &c., are best grown against a wall. The various 
kinds of apple, pear, and plum trees are grown as full standards. In 
fruit-trees the primary branch or stem is often cut off at a certain 
height for the purpose of favouring the lateral growth; but in forest- 
trees grown for the sake of timber or for ornament, this treatment is 
never resorted to. 

Half standards are those plants which are allowed to run up three 
or four feet and then permitted to branch out. The height at which 
it is desired a tree should branch out may be frequently secured by 
cutting off the lower branches up to that point, or by cutting down 
the primary branch and allowing the highest lateral branches to de- 
velope themselves. Many shrubs grow naturally in this manner, and 
when fruit-trees are grown in this way, it is done as a matter of 
convenience for gathering the fruit, or ensuring their growth under 
particular circumstances. 

Dwarf standards are those plants whose stems are only allowed to 
reach a height of one or two feet before they are permitted to branch, 
and this object is effected in the same manner as in the last. All kinds 
of fruit-trees, as apple, pear, plum, and cherry trees, may be grown as _ 
dwarf standards, but these trees do not bear so good fruit under such 
treatment as when allowed to grow as half or full standards. Goose- 
berry and currant trees are best treated in this way, and when care is 
taken to thin them well, they produce by far the finest fruit when 
grown as dwarf standards of about a foot high. It is in this way that - 
the fruit of the gooseberry has been brought to so great perfection in 
Lancashire and elsewhere. Many shrubs may be trained as dwarf 
standards, although in most instances they are more ornamental when 
allowed to grow as bushes with several stems direct from the ground. 

STANETHYL. [Orcanomerattic Boptes.} 

STANMETHYL. [Orcanomerattic Boptzs.] 

STANNARY, from the Latin Stannum, “tin.” This term some- 
times denotes a tin-mine, sometimes the collective tin-mines of a dis- 
trict, sometimes the royal rights in respect of tin-mines within such 
district. But it is more commonly used as including, by one general 
designation, the tin-mines within a particular district, the tinners 
employed in working them, and the customs and privileges attached 
to the mines, and to those employed in digging and purifying the ore. 

The great stannaries of England are those of Devon and Cornwall, 
of which the stannary of Cornwall is the more important. The stan- 
nary of Cornwall, and also that of Devon, were granted by Edward IIT. 
to the Black Prince, upon the creation of the duchy of Cornwall, and 
are perpetually incorporated with that duchy. Both stannaries are 
under one duchy-officer, called the lord warden of the stannaries, with 
a te vice-warden for each county. 

tin in Cornwall and Devon, whoever might be the owner of the 
land, appears to have formerly belonged to the king, by a usage pecu- 
liar to these counties. King John, in 1201, granted a charter to his 
tinners in Cornwall and Devonshire, authorising them to dig tin and 
turves to melt the tin anywhere in the moors and in the fees of bishops, 
abbots, and earls, as they had been used and accustomed. (Madox, 
‘Exch., 279 t, 283 1.) This charter was confirmed by Edward L., 
Richard II., and Henry IV. 

In Cornwall the right of digging in other men’s land is now regulated 
by a peculiar usage, called the custom of bounding. This custom 
attaches only to such land as now is or anciently was wastrel, that is, 
land open or uninclosed. By this mode the bound-owner acquires a 
right to search for and take all the tin he can find, paying the lord of 
the soil one-fifteenth, or to permit others to do so; and to resist all 
who attempt to interrupt him. The bounds must be renewed annually, 
by a bounder employed on behalf of the bound-owner, or the lord may 

ter. 


re-enter, 

As part of the stannary rights, the duke of Cornwall, as grantee of 
the crown, has or had the pre-emption of tin throughout the county, 
a privilege supposed to have been reserved to the crown out of an 
original right of property in tin-mines, but which in modern times is 
never exe 

The stannary courts were remodelled by the 6 & 7 Wm. IV. c. 106. 
The duties payable to the duke of Cornwall on the stamping or coinage 
of tin were abolished by 1 & 2 Vict. c. 120; and further regulations 
for these courts were introduced by 2 & 3 Vict. c. 58; and the juris- 
diction was extended, and the procedure amended and improved by 
the 18 & 19 Vict. c. 32. 

STANNIC ACID, in| 

STANNIC ETHYLOMETHIDE. [Orcanomeratuic Boptres.] 

STANZA (Stance, in French), an Italian word which means room or 
dwelling-place, is used in poetry to designate certain parts or divisions 
of a poem, forming a complete period within itself, and consisting 
of a number of lines regularly adjusted to each other, and containing 
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every variation of measure or rhyme which is to be found in the whole 
. There is a great variety of stanzas in the poetry of modern 
Eanguages, according to the rhy and structure of the poem. There 
is the terzina of three lines, used chiefl by the Italians and Spaniards ; 
the quartetto (quatrain, in French) of four lines ; the sestina, ‘‘ sixain, 
of six lines; the ottava, consisting of eight lines, used in epics, &c, 
Each of these is susceptible of various combinations of measure and 
rhyme. 
WTAPHISAGRIA, or STAVESACRE, the seeds of the Delphinium 
staphisagria. [Devrurstum, in Nat. Hist, Dry.) Stavesacre seeds 
are not now used internally : when introduced into the stomach they 
cause yori purging, and local ulceration of the intestines, and they 
may even juce serious effects. When powdered, they are 
employed externally for the destruction of lice, or they are dissolved 
in and made into an ointment, which is employed for the cure 
of scabies, which it is said to effect in seven or eight days, and which 
has found favour in the eyes of some persons, as it does not stain the 
linen, nor have the unpleasant smell of sulphur. Its external applica- 
tion to abraded surfaces is not free from . The only case in 
which its employment is justifiable is, not to remove, but cause revul- 
sion of, the cutaneous eruption, when, by its sudden drying up, the 
internal organs are oppressed, as, like most ranunculaceous plants, it 
causes acute inflammation and pustulation of the skin, It contains 
an alkaloid, delphine [DELPxie], which is a powerful sedative against 
rheumatic and neuralgic pains. Its internal use requires great caution, 
and still more its external use as a lotion or ointment, as its absorption 
through chaps, cracks, or ulcerated places, makes an impression on the 
nervous system more dangerous than when taken into the stomach. A 
volatile acid also exists in it, which is powerfully emetic. As this is 
dissipated at a low temperature, decoction is an objectionable form of 
STAPLE, “ anciently written estaple, cometh,” says Lord Coke, “ of 
the French word estape, which signifies a mart or market,” It appears 
to have been used to indicate those marts both in this country anid at 
Bruges, Antwerp, Calais, &c., on the Continent, where the principal 
products of a country were sold. Probably in the first instance these 
were held at such places as some conveniences of situation 
for the p’ Afterwards eed appear to have been confirmed, or 
others appointed for the purpose by the authorities of the country, On 
the Continent in the staple-towns the goods had to be offered there for 
sale, and if not bought within a prescribed time might be again 
exported on payment of a certain toll, and the towns had to provide 
warehouses where the goods were to be deposited. This rule, how- 
ever, has been materially modified, and in many cases abolished, In 
England the arrangement of the staple was made by the king 
(2 Edw. ITI. ¢, 9). All merchandise sold for the purpose of exporta- 
tion was compelled either to be sold at the staple, or afterwards 
brought there before exportation. This was done with the double 
view of accommodating the foreign merchants, and also enabling 
the duties on exportation to be more conveniently and certainly 
collected. Afterwards the word staple was applied to the merchandise 
itself which was sold at the staple, The staple merchandise of 
pe, oe at these early times, when little manufacture was carried 
on here, is said by Lord Coke to have been wool, woulfells or sheep- 
skins, leather, lead, and tin. Incident to the staple was a court 
called “the court of the mayor of the staple.” This court was 
held for the convenience of the merchants, both native and foreign, 
attending the staple, It was of great antiquity; the date of its com- 
mencement does not appear to have been certainly known. Man 
early enactments exist regulating the proceedings at the staple an 
the court held there. Most of these were during the reigns 
of the two Edwards, the first and the third of that name. These 
kings appear to have been extremely anxious to facilitate and 
encourage foreign commerce in this kingdom; and by these statues 
great immunities and privileges are given, especially to foreign, but 
also to native merchants attending the staple. The enactment of 
importance is called the statute of merchants, or the statute of Acton- 
Burnel, and was passed in the 11th year of Edw. I. a.p, 1283, 
{Acton-Burnet, Statute or.) But the statute more express] 
directed to this subject was passed in the 27th year of Edw. -III. 
cap. 8, and is entitled the Statute of Staple. One object of it was to 
remove the staple, pede: held at Calais, to various towns in 
ae Wales, ani Treland, which are appointed by the statute 
i 


Matters connected with the staple were not subject to the cognisance 
of the king’s courts, and the king's officers were prohibited from inter- 
fering in places where the staple was held. The court consisted of a 
mayor, who was to be acquainted with the law merchant, and was 
every year by the merchants attending the staple, both native 
and foreign ; he was attended by two cohatatlel Klas elected by the 
merchants, and who held their office for life. Two alien merchants, 
one, as the statute says, “ towards the north,” probably a German, “the 
other towards the south,” Italian, were to be chosen to be associate in 
judgment with the mayor and constables, and also six mediators of 
questions between buyers and sellers. Of these six persons, two 
were to be Germans, two Lombards, and two English, 
In matters of doubt reference was to be had to the privy council. 
The mayors, sheriffs, and bailiffs of the towns where the staple was held, 
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and ministers of the 


or. there adjoining, were also to attend the ma ini 
Complaints against the. mayors 


staple to exeoute their commands, 


were to be redressed rE eens ine es ae ee 
council, A prison also was to be provided for the use of the 
and the mayor and constables had power given them to keep the peace, 


and to arrest and imprison, their authority ing throughout the 
town in which the staple was held and the suburbs of it. . 
The law administered in the court of the staple, so far as regarded 
all matters connected with the staple, was the law merchant [Lex 
Mercatoria], and not the common law of the land, nor the c 
the place, oth porties in 9 suit were Sesleri aL ape dug aes 
igners. If one was native, the other foreign, the jury 
was to be qo 


of the leading statute. As commerce became more extended, the 
staples appear to have fallen into disuse, Lord Coke, a great 
worshipper of antiquity, complains that in his time the staple had 
become a shadow; we have only now, he says, stapulam um! 

whereas it was formerly said that wealth followed the staple. 
practice, however, of i 
the many advantages atte’ 


. 161, 393. 
PPstak, DOUBLE STAR. We distinguish the stars from the plar 
in much the same way as our ancestors did before us, though is 
ifference which is now left to its full extent, 


spe bed in Minky Way giyes a 
bability to the theory that the universe is a collection of vast systems 
Regt Rist pens la pies Neg hgn dan yr ET 
many 0 i ms, yy mu! a t 
spade, benvles out solar. ayebeet; f¢  dillty: extabiebind Seta at 
stars, once ¢alled fixed, have slow motion of their own in the heayens; 
and in a few instances at least there is no room left for doubt that 


[PARALLAX OF THE Fixep Stars] the distance of the stars has been. 


approximately ascertained. That no discoverable effect of attraction 
upon our m can be traced, is the only point in which the stellar 
astronomy of our own day coincides to the full extent with that of the 
time of Newton. 


but a little practice shows that a tinge : pre- 
dominates a little in the nearly white light which all the stars have ie 
common; and a good telescope gives some stars an ap} 

observers haye not scrupled to call “ blood-red,” 
stars of a close double star are together in the field s leona 
most frequently happens that each star differs sensibly in 

the other, But when we look ata star, we must remember we 
see only the result of the treatment which its light has received from 
the atmosphere ; and with a telescope matter is in some respects 


worse, for there is no object glass pe ut pees sayhing ea real 
image. “When we look ss a bright star,” says Sir se Herachely 
“through a yery good telescope with a low 

appearance is that of a condensed brilliant mass of ; 
impossible to discern the shape for the bri ; and which, let the 
goodness of the telescope be what r is gee from some 
small ragged appendages or rays. ut wl we a ly @ magnifying 
power from 20 800, the sr is then seen (in Cocneeban circum, 
stances of tranquil atmosphere, uniform temperature, &c.) a8 a per. 


The 


pearance 
when the two — 
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fectly round well-defined disc, surrounded by two, three, or | are not composed of stars, or will not show themselves as such to the 
more alternately dark and t rings, which, if examined attentively, | power of our present telescopes. It is necessary to say, in ig of 
are seen to be slightly coloured at their borders. They succeed each | double stars, that they have been long known to exist, and that scores 


refracting ; 
larger in the former than in the latter description of telescope. These 
ises were first noticed by Sir William Herschel, who first applied 
magnifying ers to telescopes to render them 
are not the real bodies of the stars, which are infinitely 
too remote to be ever visible with any magnifiers we can apply; but 
spurious or unreal images, from optical causes, which are 
to acertain degree obscure.” é various 2] ces of stars,as 
in telescopes, i the resolution of stars which appear 
into two or more, render them excellent objects, when classified, 
the examination of the power and goodness of these instruments. 
a classification was made by Sir J. Herschel (‘Mem. Astron. 


is reprinted at the end of the explanation (pub- 

separately) of the maps of the stars published by the Society 
Diffusion of Ui Know! 7" 

e of a star is a notion formed by observers as to the 

which comes from them, on which they are 

which are visible to the naked eye are 


ided ry Sper which, gccording to W. Herschel, 
cit «ay are (roughly) in about the proportions of 
,12,6,2,and1. But though practical astronomers 
the mode of naming most of the prin- 
of magnitude, there are many about which they 
as to which it is tolerably well known that the order 
which adherence to old still procures for them, 
have been given had they been new stars 
stars are in fact rather inde- 
An astronomer would hardly say 
star of the “ first or second ” i - 
too 
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, 
well established, though as to the 
magnitude, and the brighter ones of the 
4 oS eee eres ae But it is vi 
common to speak of an appearance as being of the “second or third, 
magnitude, showing that the distinction between 
next is not then very prominent. Sir John 
Herschel and Professor Struve, the two most assiduous observers of 
des, usually differ (Mem. Astron. Soc.,’ vol. iii. p. 180) 
about a magnitude in their estimation of one star with another, from 
and below Struve’s fourth or Herschel’s fifth magnitude, down to 
Struve’s twelfth or Herschel’s thirteenth. When therefore the reader, 
who is no astronomer, hears of the constant reference to stars of all 


F 


numerical n ure is far from being held to imply numerical 
sai bets (HOMIDE AMY Rid Fairlie in thelr’ nignttaden, bad with 
rn Bebe is perhaps to be attributed to the effect of 

revolution round their axes; it being imaginable that different parts 


of a star should give different kinds or quantities of light, either or 
both. [Vantasre Srars.] 

There are a few instances in which a sudden appearance of a new 
star is recorded, followed, after a time, by its We be 


r blic astronomer. 
ries Tycuo, in Broa. Dry.] Tycho Brahé himself thought, from 
istorical evidence, that a star had i 


that those stars which have most 
near to the earth, and when it was requisite to 
create ie the question of Lh gap 
being a star a large proper motion; in 
5” -46, and its declination 3” °19. 
, and the was discovered, 
ly) the distance of the star from the solar system. 
takes more than ten years to travel from this star 
two hundred thousand miles a second; yet, 
ything enormous, it rather cuts down the 
tertained of the distance of these bodies, The 
in spi repeated efforts to obtain it, made 
ee upon the possibility of the nearest starlight being 

of years in reaching us. i 
motion, we may notice Sirius, Procyon, 61 Virginis, 

a Bootis, A Ophiuchi, p Ophiuchi, and » Cassiopeie. 
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of observers have been diligently employed upon them during the last 
century and a half. 

When two stars are so close together that the naked eye shows them 
only as one, it is possible that the coincidence may be merely optical ; 
that is, that the lines of their directions may be so close as to make an 
apparent coincidence, such as takes place between the sun and moon 
in an eclipse of the former, though the real distances may be very 
great. Such optical coincidence is suspected in various double stars, 
but only a long course of observation can settle the suspicion in either 
way. But it is now found that many double stars are connected with 
each other by the law of gravitation, each revolving in an ellipse about 
their common centre of gravity, and showing every evidence of each 
being retained by the other, ing to the Newtonian law of gravi- 
tation. The following stars, y Leonis, e Bootis, ¢Herculis, 5 Serpentis, 
and y Virginis, were made out to be revolving double stars, by W. 
Herschel, in 1803. He had been examining these pairs under the 
idea of dete¢ting the parallax from them, and in so doing he recognised 
their changes of relative position. Since that time, Castor, ¢ Urs, 
70 Ophiuchi, « Corone, 7 Coron, & Bootis, 7 Cassiopeim, 5 Cygni, 
# Bootis, « (4) and ¢ (5) Lyrew, A Ophiuci, « Draconis, ¢ Aquarii, 
¢Cancri, and others, have been added to the list. The periods of 
revolution of several have been determined, ranging from 43 to 1200 

ears, and the other elements of several orbits have been established. 
star 7 Corone has completed a revolution since it was first 
observed. 


The most interesting of double stars is y Virginis. When observed 
by Herschel in 1780, the distance between the two constituent stars 
amounted to 566. Henceforward it continued gradually to decrease, 
until at length, in 1836, the two stars had approached so close as to 

pear like one star even when observed in the best telescopes. From 

time the two stars have been ow. opening out from each other, 
until they are now nearly 4" apart. The orbit of this double star has 
been computed by several astronomers, including among these Sir 
John Herschel, who has found the period of revolution to be 182 years. 
The orbits of a considerable number of double stars have been com- 
puted in recent years, a list of which will be found in Herschel’s 
‘ Outlines of Astronomy’ and other similar works. The most dis- 
tinguished observers of double stars besides the elder Herschel have 
been Sir John Herschel, Sir James South, the Rev. Mr. Dawes, and 
Admiral Smyth, in this country; and on the continent the elder 
Struve, Bessel, Professor Miidler, Otto Struve and Professor Secchi. 
The labours of the elder Struve in this field of astronomical observa- 
tion exceed in magnitude and importance those of any other 
astronomer. - 

STAR-CHAMBER. The fae ape a is said to have i is 
early times one of the peemes of the king’s palace at Wes 
minster allotted for the despatch of public business. The Painted 
Chamber, the White Chamber, and the Chambre Markolph, were 
occupied by the triers and receivers of petitions, and the king’s council 
held its sittings in the Camera Stellata, or Chambre des Estoylles, 
which was so called probably from some remarkable feature in its 
architecture or embellishment. According to Sir Thomas Smith’s 
conjecture “ either because it was full of windows, or because at the 
first all the roofe thereof was decked with images or starres gilded.” 
(‘Commonwealth of England,’ book iii. cap. 4.) Sir William Black- 
stone proposes a conjecture that the chamber received its name from 
its having been a place of deposit for the contracts of the Jews, called 
“Ttarrs,” under an ordinance of Richard I. (Blackstone’s ‘ Commenta- 
ries,’ vol, iv. p. 266, note.) Whatever may be the etymology of the 
term, there can be little doubt that the court of Star-Chamber derived 
its name from the place in which it was holden, ‘ The lords sitting in 
the Star-Chamber ” is used as a well-known phrase in records of the 
time of Edward III., and the name became ently attached to 
the jurisdiction, and continued long after the local situation of the 
court was changed. 4 

The judicature of the court of Star-Chamber ap: to have origi- 
nated in the exercise of a criminal and civil jurisdiction by the king's 
council, or by that section of it which Lord Hale calls the Consiliwm 
Ordinarium, in order to distinguish it from the Privy Council, who 
were the deliberative advisers of the crown. (Hale’s ‘ Jurisdiction of 
the Lords’ House,’ chap. v.; Palgrave’s ‘ Essay on the Original Autho- 
rity of the King’s Council’) This exercise of jurisdiction by the 
king’s council was considered as an encroachment upon the common 
law, or bang ie subject of frequent pomgeen by the Commons, 
was greatly a idged, Dy several te of parliament in the reign of 
Edward III. It was discouraged also by the common-law paces: 
although they were usually members of the council ; and from the joint 
operation of these and some other causes the power of the Consilium 
Regis as a court of ;justice had materially declined previously to the 
reign of Henry VII, although, as Lord Hale observes, there remain 
“some straggling f of their ing” till near that time, 
The statute of the 3 Henry VII. ¢. 1, empowered the chancellor, trea-, 
surer, and keeper of the privy-seal, or any two of them, calling to 
them ajbishop and temporal lord of the council and the two chief 
justices, or two other justices in their absence (to whom the president 
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of the council was added by stat. 21 Henry VIII, c. 20), upon bill or 
information exhibited to the lord chancellor or any other, against any 
person for maintenance, giving of liveries, and retainers by indentures 
or promises, or other embraceries, untrue demeanings of sheriffs in 

ing panels and other untrue returns, for taking of money by juries, 
or for great riots or unlawful assemblies, to call the offenders before 
them and examine them, and punish them according to their demerits, 
The object and effect of this enactment are extremely doubtful. It 
appears to have been the opinion of the courts of law at the time the 
statute was passed that it established a new jurisdiction, entirely 
distinct from the ordinary jurisdiction of the council; for five years 
afterwards, in the eighth year of Henry VII., it was resolved by all 
the judges, according to the plain words of the law, that the only 
judges of the court under the statute were the lord chancellor, the 
treasurer, and the keeper of the privy-seal, the bishop and temporal 
Lord being Panne Mia Ss Chen” as assistants or assessors, and not 
as constituent members of the court. (‘ Year Book,’ 8 Hen, VIL., 13, 
pl. 7.) This view of the effect of the statute is confirmed by the fact 
that, more than forty years afterwards, the president of the council 
was ly added to the judges of the court by the statute 21 
Henry VIII. c. 20; “a decisive proof,” as Mr. Hallam’ observes “ that 
it then existed as a tribunal perfectly distinct from the council itself.” 
(‘ Constitutional syst (ps vol. i.,p. 70.) And this writer concludes a 
careful examination of the subject by the following propositions : 
“1. The court erected by the statute of 3 Henry VII. was not the 
court of Star-Chamber, 2. This court by statute subsisted in full force 
till beyond the middle of Henry VIII.’s reign, but not long afterwards 
went into disuse. 3. The court of Star-Chamber was the old Concilium 
Ordinarium, against whose jurisdiction many statutes had been enacted 
from the time of Edward III. 4. No part of the jurisdiction exercised 
by the Star-Chamber could be maintained on the authority of the 
statute of Henry VII.” In the first of these propositions, Mr. Hallam 
is confirmed by Hudson, in his ‘ Treatise of the Court of Star-Chamber.’ 
(‘ Collectanea Juridica,’ vol. ii. p. 50.) On the other hand, both Lord 
Coke and Lord Hale consider the statute of Henry VII. as having 
merely introduced a modification of the ancient jurisdiction. The 
former calls the above resolution of the common-law judges “a sudden 
opinion,” and says it is “contrary to law and continual experience.” 
And he contends that the statute did not create a new court, but was 
merely declaratory of the mode of proceeding in an ancient court, pre- 
viously known and recognised. (‘Fourth Institute,’ p. 62.)| Lord 
Hale also speaks of the “ erection of the court of Star- ber by the 
stat. 3 Henry VII.,” and says it “was a kind of remodelling of the 
Consilium Regis.” (‘ Jurisdiction of the Lords’ House,’ chap. v., p. 35.) 
However this may have been, there is no doubt that, previously to the 
time of Coke, this court, whether distinct or only a modification of 
the ancient jurisdiction, had again merged in the general jurisdiction 
of the lords of the council so completely as to justify his statement, 
that the opinion expressed in the judicial resolution was “ contrary to 
continual e: ience.” Sir Thomas Smith, who wrote his ‘ Treatise on 
the Commonwealth of England’ in the year 1565, makes no mention of 
a limited court, though he treats particularly of the court of Star- 
Chamber, and says that the judges were the lord chancellor, the lord 
treasurer, all the king’s council, and all peers of the realm; and he 
ascribes the merit of having renewed the vigour of the court to 
Cardinal Wolsey. At the beginning of the reign of Elizabeth, there- 
fore, the court of Star-Chamber was unquestionably in full operation 
in the form in which it was known in the succeeding reigns; and at 
this period, before it had degenerated into a mere engine of state, it 
was by no means destitute of utility. It was the only court in the 
land in which great and powerful offenders had no means of setting at 
defiance the administration of-justice or corrupting its course. And 
during the reign of Elizabeth, when the jurisdiction of the Star- 
Chamber had reached -its maturity, it seems, except in political cases, 
to have been administered. with wisdom and discretion. (Palgrave's 
* Essay on the King’s Council.’) 

The proceedings in the court of Star-Chamber were by information, 
or bill and answer; interrogatories in writing were also exhibited to 
the defendant and witnesses, which were answered on oath. The 
attorney-general had the power of exhihiting ex-officio informations; 
as had also the king's almoner to recover deodands and goods of a felo- 
de-se, which were supposed to go in support of the king’s alms. In 
cases of confession by accused persons, the information ahd proceedings 
were oral, and hence arose one of the most x “ciararhh abuses of the 
court in political prosecutions. The proceeding by written information 
and interrogatories was tedious and troublesome, often involving much 
nicety in pleading, and always requiring a degree of precision in setting 
forth the accusation which was em ing in a state eution. 
It was with a view to these difficulties that’ Lord Bacon discouraged 
the king from adopting this mode of proceeding in the matter of the 

ivants, saying that “the Star-Chamber without confession was 

seas,” (Bacon's ‘ Works,’ vol. iii. p. 872.) In political charges, 
therefore, the attorney-general derived a great adv: ovér the 
accused by ing ore tenus. The consequence was, that no pains 
were to procure confessions, and pressure of ev: Rind, 
including torture, was seth gree S applied. According to the laws 
of the court,/no person could yee | charged, unless he acknowledged 
his confession at the bar, “ freely voluntarily, without constraint,” 


(Hydson’s ‘ Treatise of the Court of Star-Chamber.’) But this check. 
upon confessions improperly obtained seems to have been much neg-, 
lected in practice during the later periods of the history of this court, 
Upon admissions of immaterial cireumstances thus aggravated and 
distorted into confessions of guilt, the Earl of, Northumberland was 
prosecuted ore tenus in the Star-Chamber, for being privy to the Gun- 
wder Plot, and was sentenced to pay a fine of 30,000/. and to be 
imprisoned for life; ‘but by what rule,” says Hudson (‘ Coll, Jurid.,’, 
vol, ii.), “ poem yer I rg! at Bs Sitio them ae 
not upon confession.” it uently 
century of the existence of the Star-Chamber, that enormous fines, 
imprisonments for life or during the king's pleasure, banishment, muti- 
lation, and every variation of punishment short of death, were inflicted 
by a court composed of mem of the king’s council, upon a mere 
oral proceeding, without hearing the accused, without a written charge 
or record of any kind, and without appeal. ; 
The judges of the court of Star-Chamber were the lord chancellor or 
lord keeper, who presided, and when the voices were equal gave a 
casting vote, the lord treasurer, the lord privy seal, and the ide 
of the council, who were members of the court ex officio, Pabiy by 
” 


judges in his time were the “lord chancellor, the lord treasurer, all 
the king’s majesty’s council, and the barons of this land.” (* 
wealth of England,’ b. iii. ¢. 5.) Hudson states that the number of 
attendant judges “in the reigns of Henry VII. and Henry VIII. have 
been well near to forty; at some one time a in the reign of 
Queen Elizabeth often times, but now (that is, in the time of James I.) 
much lessened, since the barons and earls, not being pri 
neve? mcg pe eo, oe ane states, hat 
of Henry . an e court was most commonly 
frequented by seven or eight bishops and prelates every om 2 
and adds, “ that in those times, the fines trenched not to the 
tion of the offender's estate, and utter ruin of him and his ity, 
as now they do, but to his correction and amendment, the’ clory 
song being of mercy.” (‘ Coll. Jurid.,’ vol. ii, p. 36.) The 
course during the latter part of the reign of Elizabeth and the 
reigns of James I. and Charles I. seems to have been to admit only. 
much pers as judges of the court as were members of the privy 
coune 

The civil jurisdiction of the Star-Chamber comprehended mercantile 
controversies between English and foreign merchants, testamen 


to, and also such 


punishment, 
treason, murder, and felony, 


libels, conspiracy, and false accusation, misconduct by judges, justices 
“ef connected with the 
administration of justice, were all punishable in the Star-Chamber. 

It was also usual for the judges of assize previously to their circuits 
to repair to the Star-Chamber, and there to receive from the court 
directions respecting the enforcement or restraint of penal laws, 
Numerous instances of this unwarrantable interference with the ad- 
ministration of the criminal law occur with reference to the statutes 
against recusants in the reigns of Elizabeth and James I. 

A court of criminal judicature, composed of the immediate agents 
of prerogative, possessing a jurisdiction very extensive, and at the 
same time imperfectly defined, and authorised to inflict any amount 
of punishment short of death, must, even when best i 
have always been viewed with apprehension and distrust; and, accord- 
ingly, in the earlier periods of its history we find constant remon- 
strances by the Commons against its encroachments, As civilisation, 
knowledge, and power increased among the people, the jurisdiction 
of the lords of the council became more odious and into A 
measure which was introduced into the House of Commons in the last 
parliament of Charles I, to limit and regulate the authority of this 
court, terminated in a proposal for its entire abolition, w! was 
eventually adopted without opposition in both houses. The statute 
16 Car. L. c. 10, after peeling Magis Charta and several early statutes 
in support of the ordi system of judicature by the common law, 
goes on to state that “the judges of the Star-Chamber had not kept 
themselves within the points limited by the statute 8 Henry VIL, but 
had undertaken to punish where no law warranted, and to make 
decrees having no such authority, and to inflict heavier punishments 
than by any law was warranted; and that the proceedings, censures, 
and decrees of that court had by experience been found to be an in- 
tolerable burthen to the subjects, and the means to introduce an 
arbitrary power and government.” The statute then enacts, “ thatthe 
said court called the Star-Chamber, and all jurisdiction, power, and 
authority belonging unto or exercised in the same court, or of 
the judges, officers, or ministers thereof, should be clearly and anos’ 
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lutely dissolved, taken away, and determined, and that all statute 
giving such jurisdiction should be repealed.” 
STAR-FORT, a kind of redout inclosing an area, and having its 


lines of rampart or pet disposed, on the plan, in directions making 
with each other which are alternately salient and re-entering, as 
a star is usually represented. This construction is adopted when the 


work is intended to contain, for some time, the stores of an army, or 
to secure some important part of the position which the army occupies. 
The magistral line of the work may be traced by first laying down a 
polygonal figure, regular or irregular, as the ground may permit, and 
then upon each of its sides forming an equilateral triangle: the interior 
ity and the quantity of fire will evidently be increased as the 
polygon has a grester number of sides; but the importance of the work 
is seldom so great as to render it necessary to form it on a polygon 
ior to a hexagon or an octagon; and the latter polygon, while it 
of being easily traced, allows the re-entering angles between the 
of the triangles to have a degree of obtuseness sufficient to avoid 
risk that the defenders of the faces on each side of such an angle 
might fire upon one another. As it is found that soldiers fire nearly 
ly to the face of the parapet behind which they stand, a 
greater obtuseness would cause the lines of fire to diverge so far from 
the direction of the adjacent face as to prevent the ditch of the latter 
from being effectually flanked. 

A star-fort on an octagon may, if the ground is level, be traced by 
laying down a square, and, upon the middle of each of its sides, an 
equilateral triangle, whose base is one-third of the length of such side ; 
or, more regularly, by transferring half the diagonal of the square to 
Beiiialdls: frien ‘he feck aiglds ; the diatainces betters the extremities 
of these i are the sides of an equilateral 

aneceenl neat nalf 
Sasol & this last manner. 


octagon, and upon 

be formed. The subjoined cut 
a star-fort with eight eng dese 
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defenders on the adjacent faces might annoy one another. 
fire effective, it is con- 
should not be less 


of musketry may be sufficientl: 
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seriously impede the advance of 
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ing the Seven Years’ War, the king of Prussia’s intrenched camp 

ick contained a star-fort on a rising ground in its centre, from 

whence the movements of the Austrians be observed ; and in this 
work the king’s tent was pitched. The position taken up on the Nivelle 
Marshal Soult, while the British army was acting in the south of 
(1813), was protected by a star-fort. The work was 

on a terrace below the summit of a mountain called the 

Smaller Rhune, and was intended to defend the entrance of a ravine. 
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A platform below the summit of a ridge of high ground near the 
was, in like manner, fortified by a star-fort. 

STARCH (C,,H,,0,,). Pecula ; Amidon ; Amylaceous matter—The 

substance known in commerce and in domestic life as starch, is usually 


from wheaten flour. Starch, however, exists in abundance in 
very many other vegetables, so that, strictly speaking, the term is a 
generic one. The flour of barley, oats, rye, arrow-root, sago, tapioca, 
rice; the greater part of the common potato, harico bean, lentil, 
maize, millet, &c., is starch. The starch from these various sources is 
identical so far as composition is concerned; the elements carbon, 
hydrogen, and oxygen exist in exactly similar proportions in all. As 
usually met with, the several varieties differ somewhat in taste, but 
this is probably owing to admixture of traces of volatile oil. [EssenrraL 
Ous, of Starch.) They appear also to slightly differ from each other 
in capability of assimilation when taken as food ; a fact not yet satis- 
accounted for. hite gl 
To the naked eye starch presents a white glistening appearance, and 
seems to be an Pa deserts of small shapeless particles. By the aid of 
the microscope, however, it is seen to consist of beautiful regular ovoid 
ules; and under a magnifying power of from two to five hundred 
Gcnters, ott granule is found to be marked by a series of circles 
converging from the circumference to a point termed the hilum. The 
size of the granule, the distinctness of the concentric lines, and the 
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position of the hilum, are always the same in any one kind of starch, 
but vary considerably in starch from various sources ; the microscope 
is therefore of considerable aid in detecting the admixture of an inferior 
with a superior variety, and in determining the origin of a starch. 

Starch is insoluble in, and but very slightly acted upon by, cold 
water ; nor is it really soluble in hot water. When, however, it is 
heated with twenty or thirty times its weight of water its granules 
swell and finally burst; if the whole be diluted and set aside, the rent 
walls of the granules subside to the bottom of the containing vessel, 
while their contents are so thoroughly mixed with the water that the 
two can only be separated by very tedious processes. Starch is also 
insoluble in alcohol or ether. Acids and alkalies, even when cold and 
highly diluted, cause it to swell and form a paste and finally convert 
it into dextrin. Air-dried starch usually contains about eighteen per 
cent. of water; if more than this is present the starch has a tendency 
to agglutinate when pressed between the finger and thumb; moreover, 
when projected on to a metal plate heated to 212° Fahr., it agglo- 
merates into hard lumps forming a sort of artificial tapioca, no such 
effect being produced if it has been properly air-dried. Exposed in 
vacuo at a temperature of 60° Fahr., the amount of water is reduced to 
fifteen per cent. (C,,H,,0,,, 2Aq.) and at 260° Fahr. to the minimum of 
eight anda half per cent. (C,,H,,0,.). At a higher heat than this, 
starch is converted into dextrin. 

Starch combines with certain bases, the compounds have been 
termed amylates ; that of lead contains (C,,H,O, + 2Pb0). 

Test for Starch.—Free iodine communicates a deep blue colour to 
starch. The resulting body is called iodide of starch, but its con- 
stitution has not yet been satisfactorily ascertained. The colour 
disappears if the iodine be in excess, if the mixture be boiled, or if any 
unstable organic matter, such as urine, be added to it. By bringing 
iodide of starch into contact with yeast, M. Duroy has lately obtained 
what he calls colourless iodide of starch, a sweet, gummy, uncrystal- 
aay neutral substance, very soluble in water, but insoluble in 
alcoho 

The amount of starch in various vegetables varies as they progress 
towards maturity, and is much influenced by soil and climate. 


Per cent, Per cent. 
Wheat - contains about 60 Beans . - contains about 37 
Potatoes .. e; 20° Peak? om oe a 38 
Rice é * a 83 Buckwheat . ai 44 
Rye . ee FS 60 Indian corn. . 9 66 
Oats i : ” 37 Horse-chestnut * 25 
Barley. ete Ps 64 Arrowroot tuber e 20 


Wheat Starch.—Wheaten flour is mixed with water and exposed 
to the air, with occasional stirring, for several weeks. During this 
time a portion of the gluten of the flour undergoes putrefaction : 
fermentation is set up, and some of the starch is converted into 
carbonic acid and alcohol, acetic and lactic acids are also formed. 

ing this change an exceedingly unpleasant prutrescent odour is 
given off from the mass; the starch, however, ultimately subsides in 
the pure state, and colourless, the other matters with which it was 
mixed in the flour, as well as some products of decomposition, remain- 
ing in solution or floating on the surface as a scum, called slimes or 


Jlummery. The latter was formerly given to pigs for food, but is now 


used by the calico-printer as a resist paste. The peculiar, but well- 
known columnar of wheat starch, as met with in commerce, 
is sag ik during the ing opertion. The moist starch is cut up 
into blocks about six inches square, and placed in carefully heated 
stoves ; as the water evaporates the masses shrink and split up into 
the characteristic irregular fragments. 

A preferable method of extracting starch from wheat-flour has lately 
been introduced by Mr. Martin. It consists in kneading the flour into 
dough with water, and then washing on a sieve in a stream of water. 
The starch is thus washed out, and nearly all the gluten remains 
behind as asticky mass. Slight fermentation is induced in the wash- 
ings, whereby the remaining portions of gluten are destroyed, and the 
starch is then dried. The gum-like gluten educed in this process is 
dried, ground, and sold as semolina, or is mixed with flour and made 
into maccaroni and similar } 

Potato Starch, now largely manufactured on the Continent, is readily 
obtained from the washed and rasped or grated potatoes by simple 
Tn of the pulp in a stream of water on an inclined plate or fine 
sieve; the starch is carried off by the water, is allowed to subside, and 
after one or two washings by decantation, is drained in boxes lined 
with felt, and dried on floors of plaster of Paris. Potato starch does 
not, in drying, assume the columnar form characteristic of wheat 
starch, 


Rice Starch.—For the preparation of this variety the rice is macerated 
for twenty-four hours in a very weak alkaline solution, composed of 
nearly half an ounce of caustic soda to a gallon of water; it is then 
washed, drained, reduced to a pulp, and again macerated in a fresh 
quantity of soda-ley; after brisk agitation and a short repose the 
liquor, still containing the starch in suspension, is poured off from the 
vegetable fibre, which first deposits, and the starch, accumulated by 
subsidence, is finally dried in the usual manner. The object of this 
process is the solution of the gluten in the weak alkali. If the latter 
be carefully neutralised by sulphuric acid the gluten is ay yea 
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flocks, and after washing may be used in the preparation of certain 
varieties of food, as before mentioned. 

Other Materials for Starch.—Mr. Simmonds states that at Oswego, in 
New York State, starch is made on a vast scale from maize or Indian 
corn. There is one which covers three acres, and which 
consumes 200,000 bushels of maize yearly, whence is obtained 4,000,000 
Ibs. of starch. Mr. Anderson, by a patent obtained in 1857, pores 
so to treat maize as to obtain starch from one portion, and oil from a 
residue hitherto wasted. Frequent search is made for new materials 
whence starch may be obtained. So far back as 1796, the Society of 
Arts offered a prize medal for novelties in this ion, e 

was awarded to Mrs. Gibbs of Portland, who obtained starch from 

e roots of the Arum maculatum—4 lb. from 1 peck. It was very 

ure, and was sold under the name of “ Portland arrow- ”" There 
not much now made, because the rotation of crops prevents the wild 
arum from a * 1858, M. Bassot obtained a prize in France, 
for ing starch the Pistillaria imperialis, or crown imperial ; he 
washes rasps the bulbs, and obtains starch from them in the usual 
. The plant grows well in France, M. Bassot estimates that 
SANG Ta of perch inay ome frost an acre of land, and need not cost 
more than 4s. per cwt.—much chea) than potato starch. In 1857, 
there was a great demand for h estnuts in France, in uence 
of the establishment of a factory at Nanterre for starch from 
that source. Chestnut trees are very abundant in France, and the 
starch obtained from the fruit is said to be 

The use of starch in the cotton cs tery Beet, Ba 
Sy ee print-work in Manchester consymed 6000 cwts. in 1859. 
A : 


hence bread or rusks invalids than any 
unfermented preparations of flour. The best bread is formed by flour 
which contains the greatest proportion of Sinton, The relative pro- 
portions of starch and gluten differ not only in the different cereal 
grains, but in the same species or variety, according to the season 
when they are sown, or the manure which has been applied to the 
land. 


Starch exists in larger proportion in Carolina rice than in any other 
grain. Potatoes yield the purest starch. It is procured from them 
with great ease, by simply rasping down the potatoes over a sieve, and 
passing a current of water over the raspings. The water passes 
the sieve milky with the starch. By rest the starch subsides; it is 
then two or times washed with pure water, and afterwards 
allowed to dry. 

The quantity of starch is at its maximum in the winter months, but 
poder A PET begins pete arp de Respeoecrsweepbedanes or 
the ion of nitrogen,so its nutritive properties are i 
If aie en the process of isolating the starch be followed ng 
winter months, the result is, a sixth portion of the weight of the 
potatoes employed, in a condition fit not only for immediate use, but 
of transport, and capable of preservation for years. 

iffer, to their sources, in Ba 


according as they are iso! 
as gluten. 
consists of C,,H,O,. Arrowroot. has no glu’ 


cetecpge ana Mpadergpry A sage gst ant ang wegen *To 


have 


toes. 
The motive for using it is that 


wheat-flour. But this is a double to the consumer, as 


systematically conducted experiments 
of Dr, Edward Smith prove that “animals cannot live on starch, and 
yet it is not uncommon to find mothers with deficient milk gi 

to their infants arrowroot, or some of the fashionable preparations 
corn, which consist almost entirely of starch freed from the important 


nitrogenous constituents, and using water 
under the impression that the latter would be too rich a food. 
a course can only be a source of starvation,” and 
mortality. (See ‘ Practical Deductions from an Ex 
into the Influence of Foods,’ by Edward Smith, M.D., D 
The above are the more imp kinds of 

con starch from other sources see the names of the several 

e Natvrat History Drviston of this 


plants in opadia, [ARRow- 
root; Saco; Saver; Tarroca.] 

STARCH GUM. [Bririsn Gum.] 

STARS, DOUBLE, [Srar, &c.] 

STARS, SHOOTING. [Merteor.] 

STATER ete gg 2 f val (xpvoois, 

, & sta of value), or 5 
money), was the name of a Greek gold , which, after ses 
from a yery early period in some states, became, in the 
Philip II, and Alexander the Great, the general gold currency 
Greece. It is said to have been first coined in Lydia, to which the 


origin of silver money also is attributed an ancient 
(Heed. i. 94.) The p Mi of Crosus path have been 
gold money seen in Greece. (Herod. i. 54.) No undoubted 
of this Lydian stater is in existence. A to 
formed of the pale gold or electrum (# gold and } 
the sands of the Pactolus. 
Of the better known gold coins, most were of the same standard of 
weight as the Attic drachma, the Attic silver haying ata 
od obtained a general circulation throughout Greece, and bein 
reckoned extremel, pare. Ky voaAdad eagle’ Ge Sy dete 
two drachmm, maf value to twenty, was case with the 
Macedonian stater, which the influence of Philip and Alexander bron 
into general circulation in Greece, and which continued to be coin 
by the later Macedonian kings after the same standard, or very nearly 
80, Many specimens of it exist. ‘ 
The average weight of the staters of Philip and Alexander is a little 
bd 133 An -_ of Ae ape, mae es 
, gave 115 grains of fine go 18 of silver, with no 
The silver here ought not to be reckoned as an alloy, and therefore te 
coin is equivalent to 133 grains of fine gold. Our soy ° 
113°12 grains of fine gold, Therefore this stater was worth aad of a 


sovereign, or a very little more than 1. 3s. 6d. If we calculate its 

value by the number of drachme it was worth, we find it 16s, 3d. 

The reason of this is, that silver was much dearer in ancient than 

it is now. The higher value of the stater is the true one, as no material 
has occurred in the value of gold. : 
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coins in existence, but only about a dozen. Of these, three, 
there is every reason to sup’ genuine, are in the British Museum, 
and one in the Hunterian Museum at Glasgow. Their ki 4 
exactly with the Attic standard, being respectively 132°3, 182-7, 130°, 
and 132-75 grains, or on the average 132°5875 grains, which is only 
about half a grain less than the Attic didrachm. The character of the 
impression is exactly like that of the old Attic silver, but the form of 
the coin is more like the Macedonian. 

It is very clear however that foreign was in circulation 
Athens quite as early as the Pel war. It was 
doubtless in commerce, and as the tribute of the allies, many of whom 
had gold currencies. Among the denominations so used, the chief 
were the darics of Persia (Danro] and the staters of the Greek cities 
of Asia and the sthooring ante. In fact, the Greeks ng | 
all their gold from Asia. following were the principal coins 
Greek states in ci ion at Athens :— 


Chersonese for twenty-eight Attic drachme. 
from 160 to 120 grains, the former of which is 
than the Attic, and both apparently derived 

i The exi coins seem however to have 

i t standards. As the heaviest of the existing coins does not 
come up to the weight answering to the value to 
stater by Demosthenes, we must su; that was 
cheaper than usual at Bosporus at the time referred to. 

The Staters of Lampsacus, which may be reongtinat the im) 
sion of a sea-horse, are of the standard of the Two the British 
Museum weigh about 129 grains each. 

The Stater of Phocwa also appears, from the ens given by 
Sestini { Desli Stateri Antichi’), to have followed the standard of the 
daric, It was divided into sixths (&ra:) and twelfths (julexra), of 
which the latter were equal in value to eight obols, and in it 
probably to one, since the obol bore the same proportion to 
oa eee ae to the stater in 
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Pi saz of oc cities ieee Tonia So staters. Those of Chios, Teos, 
phon, 3 and other places, now exist. There were 
also gold idan struck in Samos, Siphaus, Thasos, the Greek cities of 
Sicily, and Cyrene, at an early period. After the Macedonian coinage 
of staters, many Greek states coined them according to the same 
standard ; we may mention Epirus, Acarnania, Aitolia, and Syracuse. 

The coins in the system of the stater were the single, double, and 
half staters ; these were very common ;: there were also, less commonly, 
quarters, thirds, sixths, and twelfths of staters. 

The Attic silver was called stater in later times, but it 
is doubtful whether it was so called in the best ages of the republic. 

The term stater was also applied to weight, meaning apparently any 
standard of weight. The Mina and Sicilian Litra were so called. 
eee: Ayeent Weights pnd Mowe . hifrsies Pe pas, ? ie a Sogn, 

pe ntersuchungen ; Humphrey, Coin ‘ector’s Manual.) 

STATES-GENERAL. [Natipnat AssEMBLY.] 

STATICS, a subdivision of mechanics, meaning the part of the 
science in which equilibrating forces are considered, in opposition to 
Dywamics, in which the effects of forces producing motion are 
investi : it is subdivided into the statics of rigid and of fluid 
bodies, the latter being called Hyprostatics. The on con- 
siderations in Mecuantcs, Force, Pressure, Power, WEIGHT, &e., 
and such articles as Lever, Iycurygp Puane, Puttey, WHEEL AND 
Ax Le, WepcE, Screw, may be consulted ; and also the articles VintTuaL 
Ve .oorries, Tazory or Courtzs, &c. 

One foundation of statics was first given by Archimedes, and 
another by Stevinus,.as noticed in Mecuantos. The former is the 
more rigorous, the latter being to some objections of a serious 
character. The discoveries of Galileo turned the attention of philoso- 


dynamical The taste for the purer form of statics 
however revived, and we ine that from henceforward it will be 
customary to this science stand by itself. 


ee ere great itions of statics are that of the Lever, demon- 
strated in article on that word, and that of the Composition of 
pressures, mentioned, but not demonstrated. Which of these shall be 
chosen as the foundation of the science, and how the other shall be 
deduced from it, are two points on which every writer on the subject 
Sani Aah. somal, da thy chesectih of kee work inthe open af. clone 
will, in a measure, on his treatment of these of the 
subject. method of imedes is, in our opinion, the soundest 
of all; but we say it without denying the ibility of exhibiting a 
direct i of the composition o: ures which shall be 


equal to it, the planet cannot change its place in the heavens, but all 
its apparent motion is the remaining motion, directly to or from the 
earth. If the planet were so near that we could readily see alterations 
of its distance, we should say it was directly approaching or receding ; 
but as we cannot see this phenomenon, we pronounce it stationary, 
and for some nights we lose the distinction between it and the fixed 
stars. -[TRocHomat Curvzs.} 

STATIONARY, This term requires introduction into mechanics 
in a manner corrective of the mistakes which have sometimes been 
made, One of these is pointed out in Srasnm ann UnstaBLE, 
Instead of saying that a acted on by its weight is in equilibrium 
only when the centre of gravity is highest or lowest, it is there pointed 
out that all that is necessary is that the motion which the centre tends 
to take should be horizontal: or that the centre should be stationary 
as to ascent or descent, for the moment. Again, there is what is 
ealled the principle of least action [VirtuAL VeLocttiEs], which the 
mathematician will recognise in the theorem that the motion of a 
system is always such that 3m fvds is a minimum. Now all that is 
proved is that in the motion of a system, in the language of the 
calculus of Varrarions, 33m fvdsis=0. Nowall that this requires 
is that 3m fv ds should be stationary ; or that if a path infinitely near 
the path of motion should be chosen, mf wds, calculated for the 
new path, should differ from the same calculated for the old path, by 
a quantity of an order inferior to those on which the difference of the 
paths depends, Sir W. Hamilton proposes to call this the principle of 
stationary action, instead of that of least action; the action of a 
particle whose mass is m moving over an are s being a name given to 
mifvds, taken from one end of the are to the other, where v 
re] nts the ing 

STATISTICS is that department of political science which is con- 
cerned in collecting and arranging facts illustrative of the condition 
and resources of a state. To reason upon such facts and to draw con- 
clusions from them is not within the province of statistics ; ‘but is the 
business of the statesman and of the political economist. In order to 
exemplify the precise character and limits of statistics, the Statistical 
pacigs | of London have aptly chosen for their emblem a wheat-sheaf, 
with the motto “ aliis  Sondagpoiarel 

That it is necessary for a government, in order to ern well, to 
acquire information upon matters affecting the ctmaditios and interests 
of the people, is obvious. Indeed the civilisation of a country may 
almost be measured by the completeness of its statistics ; for where 
valuable statistical records of ancient date are found concerning a 
country not yet advanced in civilisation, which would appear to con- 
tradict this position, we owe them to sovereigns or governments of 
uneommon vigour and sagacity. However rude the government of a 
country may be, it cannot attempt to make laws without having 
acquired the means of forming a judgment, however imperfect, as to 
the matters brought under its consideration. In this sense statistics 
may be said to be coeval with legislation; but as the latter has rarely 
been conducted upon any fixed principles, or partaken of the character 


should not leave off until he has not only made a better separation of 
the physical axioms from the rest, but ios ut if in a form in which 
such separation is exceedingly obvious. ‘Till this is done, the proofs 
in question will only stifle opposition, while the proposition of 

i forces conviction. If there be anything likely to be mis- 
understood in the latter, it applies as much to the former in all the 
cases which we have seen. (Surrictent Reason.) 

Statics, like all other mechanical sciences, is usually placed among 
mixed Marnematics. But the line which separates it from the pure 
sciences is almost imperceptible, and it would seem more reasonable 
to invent a third and intermediate distinctive term, than to place 
statics and electricity under the same name, to distinguish them from 

It would be easy to show that all which is common to 
geotnetry and statics, and not to electricity, is more extensive, more 
striking, and more easily described, than the little which is common 
to statics and electricity, and not to geometry. In fact, when we say 
that both statics and electricity are concerned with properties of matter 
as Gee: Lara g ingui from , we have stated the whole of the common 
tie by which the two are united ; while geometry and statics 

in common almost equal degrees of evidence in their axioms, 
altogether the same rigour of deduction, and strong analogies in their 
theorems. Mr. Whewell has contended for the alteration of the loca- 
tion of statics; but he carries the idea farther than we can follow him, 
for (‘Mechanical Euelid,) he asserts that the axioms of statics are 
“ self-evidently true,’ “not to be learmt from without, but from 
within.” We may also refer to the same writer's ‘ History of Scientific 
Ideas, vol. i, 1858. We shall enter further upon this point in the 
article Surricient Reason. 

STATIONARY (Astronomy), All the at the earth 
to move alternately forwards and backw: in the heavens, the retro- 
ee ns Se oe ee San For a little 
time at inni 01 ri planet 
to have ar ia This arises when relative Morrow cf the 

is really towards the earth. The planet’s ity may always 
decomposed into two, one in the direction of the ’s motion, or 
ita ite, the other towards or from the earth. When it happens 
that the former motion is not only parallel to that of the earth, but 


of science, in the earlier ages of the world, we must attribute to 
statistics, as a department of political science, a much later origin. It 
is chiefly to the rise of political economy that we ate indebted for the 
cultivation of statistics. The principles of that science, which are 
directly concerned about the prosperity and happiness of mankind, 
were not reduced to any system until the middle of the last century ; 
since that time, political economy has been cultivated as an inductive 
science. The correctness of preconceived theories has been tested by 
the observation and analysis of facts; and new principles have been 
discovered and established by the same means. <A limited knowledge 
of facts a any ett an obstacle to the progress of political 
economy ; on the other hand the neglect of that science caused 
indifference to statistical inquiries. 

This connection between political theories and statistics, while it has 
led to the collection of many data which would not otherwise have 
been obtained, has too often introduced a partial and deceptive state- 
ment of facts, in order to support preconceived opinions. This is 
sometimes unjustly objected to statistics, as if it were a defect peculiar 
to them, That facilities for deception are afforded by statistics cannot 
be denied; but fallacies of this kind, like all others, are open to 
scrutiny and exposure. Reliance need not be placed upon statements 
of facts nor on numbers, unless supported by evidence ; and inferences 
from them should only be admitted according to the rules by which 
all sound reasoning is governed. Fallacies are difficult to detect in 
proportion to the ingenuity of the sophist and the ignorance or inex- 
pertness of his opponents; but in political matters, opposite theories 
and opinions are maintained with equal ability, ahd facts and argu- 
ments are investigated with so much jealousy, that, in the end, truth 
ean hardly fail to be established. Neither any suspicion of par- 
tiality attach to such facts as are collected by a government without 
reference to particular theories. Until some one shown the value 
of noting a certain class of facts with a view to his own inquiries, no 
pains are taken to obtain information of that nature from the best 
sources; but as soon as the importance of seeking any data is acknow- 
ledged, the collection of them becomes the business of impartial 
persons, The statist must be acquainted with the purposes to which 
the facts collected and by him are likely to be applied, in 
order that the proper distin: and details may be noted in such a 
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manner as to give the fullest means of analysis and inference; but his 
services are greatest when he does not labour in sw of a theory. 

It thus becomes the duty of a government to ap ly all the means in 
its power in aid of statistics, not only for the inistration of the 
affairs of state, but also for the furtherance of political science, and for 
general information. Abundance and accuracy must be the object of 
a government in collecting statistical facts. 

We would lay much stress wu the collection of facts by the 

i authority of the state, aoa the classes of facts most 
important in political inquiries can scarcely ever be searched out by 
other pros who have not access to the offices of government, 
and who are without authority to demand information; while the 

vernment has ample means at its disposal, and can, without 
diffioul , and in the ordinary course of executive business, obtain 
statistical information of the highest value. In this and many other 
countries the respective governments are applying themselves 
earnestly to statistical investigations. In England a statistical depart- 
ment has been established at the Board of Trade to collect and 
arrange all the documents of a statistical nature that can be obtained 
through any department or agency of government, The admirably 
organised departments of the French government have abundance of 
statistical materials systematically collected, which they never fail to 
arrange in a very lucid manner, and to analyse with much ability. 
Great credit is due to the Belgian government for the diligence 
with which its several departments have engaged in statistics under 
the superintend of a central statistical commission. Austria, 
Prussia, and other European governments, have also more or less 
complete and comprehensive statistical departments. 

But while governments are thus engaged, there is ample room for 
the labours of individuals. Local statistics of all kinds are open to 
them. The books and records of public institutions, facts relating to 
particular trades, to the moral and social state of different classes of 
society, and other matters apparently of local interest only, often pre- 
sent results as important as those derived from inquiries on a more 
extended scale. Good service also may often be done by a judicious 
selection and comparison of matters not brought together in official 
statements, with a view to the illustration of principles of science or 
experiments in legislation, and by suggestions and criticism, which 
may direct the attention of government to particular branches of 
inquiry, to improvements in the mode of carrying them on, or in the’ 
form in which they are published. 

It would be useless to attempt an enumeration of the various 
matters that are included in the province of statistics, but for the 
more convenient consideration of the subject we may indicate its 
division into—1, Historical statistics, or facts illustrative of the former 
condition of a state; 2, Statistics of population; 3, of revenue; 4, of 
trade, commerce, and navigation; 5, of the moral, social, and physical 
condition of the people. 

The article Census will serve as an example of the use to which 
such materials may be applied, and the parliamentary returns of the 
Board of Trade and the criminal and legal statistics now published 
annually furnish other examples. ; 

STATUARY, STATUE. [Scurrrvure.] 

STATUTE. Bills which have passed through the houses of Lords 
and Commons and received the royal assent become acts of parliament, 
and are sometimes spoken of collectively as forming the body of 
“statutes of the realm.” In a more restricted application of the word, 
private acts are excluded, and even public acts, when their purpose is 
temporary. The meaning of the word is even more restricted when 
the measures of the early parliaments are in question, for many acts 
received the royal assent, and are found on the Rolls of Parliament, 
which are not accounted statutes. 

The Statutes of the realm, properly so called, were at a very remote 
period written in books apart from the other constitutions and charters 
of the monarchy, and received by the courts as of equal authority with 
the ancient customs of the realm. ; 

volumes, in the custody of the Master of the Rolls, contain 
the body of those enactments which are called “ statutes.” One con- 
tains those passed before the beginning of the reign of Edward III.; 
and the other two, those from 1 Edward III. to 7 Henry VIIL, all 
Laas | fairly written. These books are not considered in the light of 
authorised enrolments of the statutes. For the authentic and authori- 
tative copies, if any question arise, recourse must be had (1) to what 
are called the Statute Rolls, which are six rolls containing the statutes 
from 6 Edward I. to 8 Edward IV., except from 8 to 25 Henry VI.; 
(2) to the enrolments of acts of parliaments which are preserved in the 
Rolls chapel from 1 Richard IIL; (3) to exemplifications and tran- 
scripts with writs annexed, signifying that they were transmitted by 
coer f to certain courts or other parties, who were required to take 
notice of them; (4) in those since 12 Henry VIL, to the original acts 
in the parliament office ; (5) the rolls and journals of parliament; (6) 
the close, patent, fine, and charter rolls; on which statutes are some: 
times found. ! 

With the parliament of the reign of Richard III. began the practice 
of printing, and in that manner publishing, the acts in each 
session. followed very soon on the introduction of printing into 
England. Before that time it had been a frequent practice to transmit 
copies of the acts as passed to the sheriffs of the different shrievalties 
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to be by them promulgated. The practice of printing the statutes has 
continued to the present time. 4 , 

Before the first of Richard ITL, the aid of the press had been called 
in to give extended circulation to the older statutes. Before 1481 it is 
believed that an abridgment of the statutes was printed by Letton and 
Machlinia, which contains none later than 33 Henry VI., 1455. ‘To the 
next year is assigned a collection, not abridged, from 1 Edward III, to 
22 Edward IV. Next to these in point of antiquity is to be placed a 
collection printed by Pynson about 1497, who , in 1508, 
what he entitled ‘ Antiqua Statuta,’ containing Magna Charta, Charta 
de Foresta, the Statutes of Merton, Marl 

di 


In the reign of H VIII. the first E abridgment of the 
statutes was printed by Rastall 3 and Pana thes cites and in the sue- 


i 


riginal Lati » 
English translations. Barker, about 1587, first used the title ‘ Statutes 
at 5 

In 1618 two large collections of statutes ending in 7 James I., were 
published, called Rastall’s and Pulton’s. Pulton’s collection was several 
times reprinted with additions. : 

In the 18th century an addition, in six folio volumes, was published 
by Mr, Serjeant Hawkins in 1735, containing the statutes to 7 
iL Cay’s edition, in 1758, in the same number of volumes, contains 
the statutes to 30 George II. Continuations of these works were 
published as fresh statutes were passed; and another work in 4to, of 
the same kind, was begun in 1762, well known by the designation of 
Ruffhead’s ‘Statutes at Large.’ Pickering’s edition is in 8vo., and 
ends with 1 George III. 

None of these collections, however, had ever been published by 
authority of the state. This led a committee of the House of Com- 
mons, who, in 1800, were appointed to inquire into the state of the 
Public Records, to recommend, among other things, that “ a complete 
and authoritative edition of all the statutes should be published.” And 
finally, between the years 1810 and 1824, the Record Commissioners 
appointed, in pursuance of this recommendation, produced a critical 
edition of the statutes (including the early public charters), ending 
with the close of the reign of Queen Anne. This is the authentic 
edition of the statutes. It is supplied wifft a valuable index, and 
forms ten folio volumes. In the introduction to that work there is a 
more particular account of the former editions of the statutes and of 
the means for making such a work as this complete. 

‘The statutes passed in the Imperial Parliament of Great Britain 
are now printed by the queen's printers, and sold at fixed prices. 

These “‘ Statutes of the Realm” are generally divided into two classes 
—Public and Private; but they may more conveniently be distributed 
into three classes—Public General, Public Local, Private. The 
two former only come within the term “laws,” in the accepta~ 
tion of the term. The private acts embody special privi confi 
on individuals, or the sanction of the legislature to private arrange- 
ments ing pro ; and before they can be enforced, they must 
be pleaded before the courts of law, like contracts, or the titles of 
estates. The public local statutes, though published y and 
though the standing orders of the Houses of Parliament require that, 
on account of the private interests which they are often likely to affect, 
certain preliminary notices and other proceedings should take place 
before they are passed through their stages, are yet, in contemplation 
of law, in the same position as the public general statutes. 

Formerly all the public statutes, local and general, were published 
together and numbered consecutively; but from the year 1798 down- 
wards, the local acts have been separately enumerated. From the 
number of railway and other joint-stock schemes, this branch of legis- 
lation increased so rapidly a few years ago, that it became necessary to 
simplify and abbreviate it. Steps were taken to accomplish this end 
by passing what are known as Consolidation Acts, such as the Land 
Clauses Consolidation Act, the Railway Clauses Consolidation Act, 
&e., &c., a distinct series being passed applicable to Scotland; but 
there is yet room for further legislation in the same direction. 

STATUTE (Scornanp). It would be difficult to explain 
character of the older legislation of Scotland, the method in 
it was sanctioned, or the constitution of the bodies by which i 
eee All the light that probably is to be obtained on 

istory of the statute-law has lately been embodied by Mr. Innes, in 
his preface to the edition of the ‘ Scottish Statutes and Old Laws,’ 
published by the Record Commission. ‘“ Whatever,” he says, “ ma: 
be the case in other countries, it is not easy in Scotland to distingui 
the ancient legislative court or council of the sovereign from that 
which discharged the duty of counselling the king in judicial pro- 
i The early lawgivers, indeed, enacted statutes by the advice 
of the ‘ bishops, earls, thanes, and whole community,’ or ‘ through the 
common counsel of the Kynryk ;’ but during the reigns previous to 
Alexander III, we find the king also i causes in a similar 
assembly of magnates; while laws of the greatest importance, and 
affecting the interest of whole classes of the community, bear to be 
enacted by the king and ‘ his judges.’” It is probable that the practice 
of the assembly, legislative or judicial, of the principal barons, though 
irregular, was in general an imitation of the parliament of England, — 
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Before the war of independence, the lands of the southern districts of 
Scotland had been in a great measure partitioned among Norman 
adventurers, some of whom owed a double allegiance to the crowns 
both of England and Scotland; and it was natural that they should 
bring with them the practices and opinions of the country with which 
they were earliest connected. A large proportion of the lowland popu- 
lation of Scotland were at the same time Saxon refugees from England. 
So early as the reign of David I. (1125) we begin to find that the 
municipal corporations had a voice in the ratification of the laws. 
“The parliament,” says Mr. Innes, “assembled by John Balliol at 
Scone, on the 9th of February, 1292, was probably the first of the 
national councils of Scotland which bore that name in the country at 
time, although later historians have bestowed it freely on all 
assemblies of a legislative character. We have no reason to believe 
that any change in its constitution occasioned the adoption of the new 
term, which soon became in Scotland, as in England, the received 
designation of the great legislative council solemnly assembled. It 
was not till a few years later, on occasion of negotiating an alliance 
with France, that Balliol, probably at the desire of the French king, 
epee ces wane 00 be relied, not only by the prelates, earls, and 
ie, he bees Sa That treaty was 
finally rati at Dunfermline on the 23rd day of February, 1295; and 
the seals of six burghs were then affixed to the deed, along with those 
a anidine ave Sccayeetibcotioct bexeat ot 5 be d bit 
i i ification, er, it may low B 


were actually it as in a national assembly or parliament.” 
San wars thus sanctioned—-sometimes, perhaps, by the 


particular disputes, accompanied probably by the announcement of a 


principle on which such questions should thenceforth be decided; 
others were acts of executive authority; and others might be regu- 
lations having the character of fixed and general laws. When these 

related to matters of private right, the recording instru- 
ment be put into the hands of the interested. “ When 
the ings of the national council,” says the authority already 


* related to matters of a more public nature, such as negotiations 


E 


‘oreign states, its earliest records were probably of a similar kind, 
and consisted of nothing more than the indentures or other diplomacy 
which embodied the results of its deliberations. Perhaps the earliest 
instances of this kind that now remain are those important deeds of 
the reign of Alexander III., when, however, a more artifical system 
must have been beginning to prevail. It would be still more interesting 
to ascertain the modes in which the more general ordinances and laws 
of the realm were enacted and recorded; but on this head the loss of 
every original document has left us entirely to conjecture. Judging, 
however, from the mutilated and imperfect transcripts of a later age, 
and from the analogy of the other states of Europe, it would 
that the more important and general statutes were framed into short 
i and ingrossed into a writ, addressed, in the name of the 
king, to the chief ministers of the law in the different districts of the 
ey maeoe the publication and observance of them. The laws 
of burghs, the assizes of David I. and of William, and the statutes 
of Alexander IJ., as found in the old manuscript compilations of 


whose name they 
Burgorum,’ constitute the oldest ic collection of laws. They 
too may be referred to the reign of David; and though historians give 
him the credit of having planned the whole system of the municipal 
corporations, it is more likely that this code of laws embodies the 
privi and restrictions which had gradually come into existence 
with growing influence of the burghs. The coincidence between 
these early vestiges of Scottish legislation and the old law of England 
is remarkable. Both in the assize and in the burgh laws technical 
phraseology is frequently used, which still belongs to the law and 
practice of England, but has long been disused in Scotland. Indeed, 
it is very clear that before the attempt of Edward I. there was much 
harmony in tone and spirit between the two nations, and that Scotland 
generally followed or accompanied England in her constitutional pro- 
gress. There is a still more remarkable coincidence of legislation in 
the *Regiam Majestatem,’ or general code of the old laws of 
Scotland. It was, like the fragments mentioned above, attributed to 
David L., who had obtained the character of the Justinian of Scotland ; 
but it is undoubtedly of later date. In the 16th and 17th centuries it 
was very popular, as an undoubted early national code; but it was 
subsequently discovered to have many features in common with the 
pees ‘De Legibus et Consuetudinibus Angliw, attributed to 
anvil, justiciar of England; and then it acquired the 

il reputation of being a code prepared by Edward L., for the purpose 
of subjecting Scotland to the law of England. 

The ‘Regiam Majestatem,’ so named from the words with which it 


commences, is, along with the burgh laws, and other vestiges of early 
legislation, printed in the first volume of the edition of the Scottish 
statutes issued by the Record Commission. None of the contents of 
this first volume, however, come within the description of the accepted 
statute law of Scotland. In 1566 a commission was issued for the col- 
lection and publication of the statute law, and they speedily published 
a series of statutes reaching from 1424 to 1564. It is at the former 
date that the statute law, properly speaking, commences, and it 
proceeds thence in a regular series to the Union with England. The 
Scottish acts are referred to by the date of the parliament in which 
they are passed, and their numerical order ; as, “ The Act 1424,c. 25 ;” 
“The Act 1661, c. 16.” These early statutes are brief and sententious, 
and were admired by Bacon for “ their excellent brevity.” 

From the date of the accession of Bruce, after the war with England, 
the Scots long entertained a feeling of national jealousy and enmity 
towards England ; and though some of the kings introduced southern 
practices, we do not find that steady imitation and adoption of the con- 
stitutional movements of the English parliament which characterise 
the earlier period, but rather an isolated creation of, and adherence to, 
national peculiarities. The subsequent creation of the Court of 
Session, in imitation of foreign tribunals, to administer justice, 
according to the rules of the Civil Law, has eradicated nearly all the 
traces of similarity in laws and procedure which formerly existed 
between the judicial systems of Scotland and England. 

Of the Statutes of the Scottish parliament, those only are now law 
which are said to be in viridi observantid. By this principle the 
statute law has silently adapted itself to the character of the times; 
and, though not formally repealed, the barbarous laws of periods of 
bigotry or violence have ceased to be enforceable. Since the Union of 
1707, it has been considered, in conformity with the English doctrine, 
that an act passed by the British parliament must be held as law, and 
judicially enforceable, until it is repealed. 

The law of Scotland, the judicial and executive system, and the 
ecclesiastical polity, being quite distinct from the corresponding institu- 
tions of d, many statutes are from time to time passed by the 
British legislature solely applicable to Scotland, prepared by persons 
professionally acquainted with the institutions of that part of the 
empire. The revenue laws of Scotland were formerly distinct ; but 
now, with few exceptions, one system embodied in one series of acts 
applies to the United Kingdom. In matters of national policy, and 
frequently in the criminal law and in legislation for internal economy, 
acts are made applicable both to England and Scotland at the same 


time, 

STATUTE (Irevanp). In Ireland, the method by which the early 
irregular convocations, called parliaments, passed their acts, appears to 
have been a close imitation of the English practice. The authenticated 
printed statutes begin in the year 1310, 3 Edw. II. After five short 
acts of this parliament there is a hiatus until the year 1429, although 
it is known in that repeated liaments were held in the 
interval. Many of these statutes are ¢ istic indications of the 
state of the country, and throw light on the domination of the English 
over the natives—for example, the 25 Hen. VI. c. 4, “ An Act, that he 
that will be taken for an Englishman, shall not use a Beard upon his 
upper Lip alone ; the Offender shall be taken as an Irish Enemy :” 28 

en. VI. c, 3, “ An Act, that it shall be lawful for every Liegeman to 
kill or take notorious Thieves, and Thieves found robbing, spoiling, or 
breaking Houses, or taken with the manner :” and in later times (the 
7 Will. III. c. 21), “An Act for the better suppressing Tories, Robbers, 
and Rapparees; and for preventing Robberies, Burglaries, and other 
heinous Crimes.” The Statute of Drogheda, commonly called ' 
pias Law, passed in 1495 (10 Hen. VIL), had a marked influence 
on the later legislation and constitutional history of Ireland; as by it, 
all the acts then or late passed in England, “concerning or belonging 
to the common and public weal of the same,” should be law in Ireland. 
It further provided that no measure should be proposed for the adop- 
tion of parliament until it had first received the royal assent in 
England. It is believed that this badge of servitude prevented the 
passing of many exterminating acts, which, in times of anarchy, dis- 
cord, or tyranny, the Irish ministry, and their partisan-parliaments, 
would have ang This act was repealed, and the indepen- 
dence of the Irish legislature restored by the measure of 1783. At the 
Union, in 1800, the Irish Parliament was merged in that of Great 
Britain and Ireland. . 

STATUTE OF FRAUDS. This name is applicable to any statute 
the object of which is to prevent fraud, but it is particularly applicable 
to the 29 Car. II. c. 3, which is entitled the “Statute of Frauds and 
Perjuries.” One object of the statute was to prevent disputes and 
frauds by requiring in many cases written evidence of an agreement. 
Before the passing of this statute many conveyances of land were made 
without any writing as evidence of the conveyance. An estate in fee- 
simple could be conveyed by livery of seisin, accompanied with proper 
words, and a use could also be declared by parol, No writing was 
necessary to convey any estate in possession, for such estate is technically 
said to lie in livery; but a reversion could only be conveyed by deed. 
The Statute of Frauds declared that all leases, estates, and interests of 
freehold or terms of years or any uncertain interest in any lands or 
hereditaments, made by livery and seisin only, or by parol, and not put 
in writing and signed by the parties, &c., shall have the force of leases 
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or estates at will only. But leases for not more than three years, 
whereon the rent reserved shall be two-thirds of the full improved 
value of the thing demised, are ted the statute. Further, no 
lease, estates, or interest either of freehold or terms of years, or any 
uncertain interest, not being hold or customary interest, shall be 
assigned, granted, or surrend cers by deed or note in writing. 
Another section of the statute p that all declarations or 
creations of trust or confidences of land, tenements, or heredita- 
ments shall be manifested and proved by some writing signed by the 
who is by law enabled to declare such trust, or fp fportynbos « 
in writing, or they shall be void. The 5th section of this statute 
declared that all of lands or tenements, as more particularly 
described in this section, should be in writing and signed in the 
manner here prescribed by three or four credible witnesses; and the 
6th section related to the revocation of a devise in writing of lands or 
tenements. Both these sections are repealed by the 1 Vict. c. 26, which 
makes alterations in other provisions also of the Statute of Frauds, 

There are several other important provisions in this statute, which 
may be omitted here. The purpose of the statute is to prevent fraud 
by requiring the evidence of writing, which is a better kind of evi- 
dence than men's memory. Its enactments have been usefully 
amended by the Mercantile Law Amendment Act, 1856, especially 
with reference to guarantees. 

STATUTE MERCHANT. [Acron Burnsn, Statute or.] 

STATUTE STAPLE. [Srapus. 

STATUTES OF LIMITATION. There appear to have been no 
times limited by the common law within which actions might be 
brought; for though it is said by Bracton (lib. 2, fol. 228), that, 
“ omnes actiones in mundo infra certa tempora Jimitationem habent ;” 
yet with the exception of the period of a year and a day, mentioned by 
Spelman (‘ Gloss.’; 32), as fixed by the ancient law for the heir of a 
tenant to claim after the death of his ancestor, and for the tenant to 
make his claim u a disseisor, all the limitations of actions in 
the English law have been established by statute. Certain remarkable 

iods were first fixed upon, within which the cause of action must 

ve arisen. Thus in the time of Henry IIL., the limitations in a writ 

of right, which was then from the time of Henry I., was by the 

Statute of Merton, c. 8, reduced to the time of Henry II. ; and by the 

Statute of Westminster, 1, c. 8, the period within which writs of right 

might’be sued out was brought down to the time of Richard I. (Co, 
Lit., 114 b.) 

Since the 4 Hen. VIL, c. 24, which limited the time within which 
persons might make their claim to land of which a fine had been levied 
with proclamations, various statutes have been passed for the 
purpose of limiting the time within which actions and suits relating to 
real property may be commenced, The 21 Jac. I., ¢, 16, enacted 
generally that no person should make entry into any lands, but within 
twenty years next after his right of entry accrued. 

By the 9 Geo. IIL. c. 16, the right of the crown to sue or implead for 
any manors, lands, or other hereditaments (except liberties or franchises) 
was limited to sixty years. Before this act, the rule that nullum 
tempus occurrit regi was universal. It still prevails as a maxim where 
not abridged by statute. 

The next statute upon this subject is the 3 & 4 Will. IV. ¢. 27, by 
which great changes were made in the remedies for trying the rights 
to real property, and which embodies the greater part of the present 
law of limitations relating thereto. 

No entry or distress can be made or action brought to reeover any 
land or rent, but within twenty years after the right has accrued to 
the claimant, or some person through whom he ¢laims. 

But persons under the disability of infaney, coverture, idiotey, lunacy, 
unsoundness‘of mind, or absence beyond seas, or persons claiming under 
them, notwithstanding the period of twenty years shall have expired, 
are to be allowed ten years after the person to whom the right first 
accrued has ceased to be under any disability or has died. Forty years 
is, however, a complete bar. 

No part of Great Britain and Ireland, nor the adjacent islands, is to 
be deemed beyond seas, within the meaning of this act. 

A mortgagee to whom a payment of principal or interest has been 
made, or an acknowledgment in writing has been given, has twei 
years from the time of such payment or acknowledgment. (7 Will. Vv. 
and 1 Viet. ¢. 23.) 

Arrears of dower, or damages for such arrears, are not recoverable 
by any action or suit beyond six years before the commencement of 
the action or suit. Before the act, there was no limitation either at 
law or in equity to a claim for arrears of dower during the life of the 
heir. No arrears of rent or of interest in respect of any money charged 
in any manner on land or rent, or any damages in respect of such 
arrear of rent or interest, ean be recovered but within six years next 
after the same respectively became due, or next after an acknowledg- 
ment in writing given to the n entitled thereto or his agent, 
signed by the person by whom the same was payable, or his agent. 

‘The rents here dealt with are rents charged upon land only, to which 
the former statutes did not apply, and not conventional rents, the 
limitations as to which are pro for by the 21 Jac. e. 16, s. 3, and 
the 3 & 4 Will. IV. c. 42. ; 

Limitations as to tithes and other ecclesiatical 
regulated by 2 & 3 Will. IV. c. 100, and 8 & 4 Will, 


are now 
+O B76 


-As to advowsons, the 3 & 4 Will. IV. ¢. 27, 8, 30, enacts that no 
Quare impedit or other action is to be brought after the expiration of 
the period during which three clerks in succession shall have held the 
same, all of whom obtained possession adversely to the right of the 
person claiming, or of the person through whom he claims, if the times 
of such incumbencies er shall amount to sixty 


rights are now mainly regulated 
by 2 & 8 Will. IV.¢. 71. [Prescriprion.] : 
pete: a t., dear Jac. Le 


The limitation in actions of assault and 
16, s. 3, four years after the cause of action 

Actions of slander must, by the same statute, be commenced within 
two years next after the words spoken. 


The limitation applicable to actions arising upon simple contract, 
and actions Gund a wrong, is, by 21 Jac. I. c, 16,8, 3,/six years next 
after the cause of action arises, 


The limitation on actions arising upon specialty is, by 8 & 4 Will. TV. 
c. 42, twenty years. 

Actions of debt for rent upon an indenture of demise, actions of 
covenant or debt upon bond or Othis specialty ape ses ae 
scire facias upon recognisance must therefore commenced and sued 
within twenty years after the cause of such actions or suits arises. But 
if any acknowledgment has been made, either by writing signed by 
the party liable, by part payment, or part satisfaction, on account of 
any principal or interest then due thereon, the person entitled 
bring his action for the money remaining unpaid, and sh eckseeia 
te be due, within siteye f bee after such acknowledgment “Ts 
payment, and in case e plaintiff being under disability, 
twenty years of the removal of such disability. 

The limitations of actions on penal statutes is, by 31 Eliz. ¢. 5, s. 5 
(which act repeals a previous one, the 7 Hen. VIII. c. 3, upon the same 
subject), two years after the commission of the offence, if the suit be 
by the crown ; and one year after the commission of the offence if by 
a private prosecutor. : 

A prosecution by the party grieved was not within the statute; but 
now, by the 3 & 4 Will. IV. c, 42, s. 3, all actions for ; 
damages, or sums of money given to the 
now or hereafter to be in foree must be 
the cause of such actions or suits. 


statutes, or by any rule of limitation analogous to them; but the 
takes notice of a long adverse possession in considering the 
construction of instruments under which claims are set up on 


behalf. 

The statutes of limitation must in peur be pleaded positiv. y 
the defendant in any action at law, who wishes to take % 
them, and it has been held in equity that unless the defendant clai 
the benefit of the statutes by plea or answer, he cannot insist upon 


them in bar of the plaintiff’s demand, 

STEALING. [Larceny.} ; 

STEAM AND STEAM-ENGINE.- Steam is the gas or vapour 
given off by a liquid, when its temperature is raised to such a degree 
as to cause it to pass into a state of ebullition; but as the vapour of 
water so given off is the one most sean eee in the 
arts, attention will be called principally to that particular 
steam in the ensuing notice. 

Steam or vapour in its natural state, like all gases, is 
colourless ; its visibility in air being caused by its partial 
tion, which gives rise to the formation of small vesicles of water, 

ing transparent steam, of such a nature as to refract and 
light. It seems that the phenomenon of the generation of 
alfected by the following general laws, namely: Ist, that the “a- 
ture of the ebullition of a liquid is the same at all times, 
same pressure and in a vessel of the same substance; 2nd, 
temperature of the liquid remains constant during the whole 
the ebullition, provided the pressure remain the same, and if 
quantity of heat be communicated to the vessel containing | 
at one stage of the process than at another, the effect will 
a greater quantity of steam will be evolved; the 
liquid will not be raised: 3rd, that the volume of the steam 
mitich greater than that of the liquid i it, and 
volume of the vapour of water, for instance, will be about 17 
greater than that of the water itself. The peratures 
icular substances pass into steam are very different, it 
added; thus whilst water pe at 212°, "a 000 sa 
centrated sulphuric acid, at 617°; y ey A 
&e, Even the most refractory metals pi properly treated 
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781 
made to pass into the state of vapour, and there are others which pass 


into the gaseous state without through the form, as for 
instance camphor, arsenic, agg Be under w! circumstances 


- The 
“ that the elastic force of the va given out during the process is 
Ws ths exhatior promis,” libah 
at which ebullition takes place, if we possess tables 
the elastic force of steam at the different temperatures; and 


it is upon this pri that hypsometric observations with to 
the altitudes of mountains are made, by ascertaining the boiling point 
of water in n vessels. Very great precautions are requisite in 
observations of this description, but with the aid of the hypsometric 
ge worth herbie fom it, very useful checks upon the other modes 
of alti may be obtained. Amongst other essential 


tats to be Salen into account fet these Ohesevations the nature af the 
; for Gay-Lussae observed that water 
egree of heat to pass into a state of ebullition 
than when it was boiled in a metal 
; when the vase is covered with a 
material with which water may have less cohesion than it has with the 
Thus, if the boiling point of 
place 212°, it would usually be 213°-96 
vase; but "Huis ba covered by & eating of shell lac, 
point would become about 211°64. It also appears that 
water has a considerable 
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to al 253°-4 without ebullition, 

at that temperature part of the water flashed into steam with 
There are some curious facts connected with the 
water in contact with incandescent materials 
which are Akg Be: the attention of the physical philosopher; but as 
itherto led to any ical results, the reader is 


Faraday, 

The tespernture of ebullition is not affected by the presence of 
substances in ion in the liquid considered; but when those 
substances are in solution they produce a very distinct effect, and in 

ion that the new ingredient is more or less volatile than 
, Will the boiling point be lowered or raised. Salts dissolved 
retard its ebullition, and they do so in an increasing ratio 


point {remains constant; but it is to be 

oy gee of ebullition of a saline solution is not to be 
that solution may temporarily attain ; 

to a certain degree, but 


i 
iF 
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statement is copied; the temperatures are of course given in this 
table, and throughout this article, unless otherwise mentioned, on the 
Fahrenheit scale, 


. HEE 
| 4 | 


Salts. 


Salt in 100 parts 
of water, 
‘emperature, 


| =) 
Chloride of sodium .| 41°2 | 227°12°|'Salammoniac . .| 88°9 | 237°56° 
2 59°4 | 226-94 |\Chloride of strontium] 117-5 | 244-18 
mm ,| 601 | 219-92 | Carbonate of potash .| 205- | 275-0 
Carbonate of soda. .| 48°5 | 217-33 |/Nitrate of lime . 362 | 271°8 
Nitrate of soda . 224-8 |249°8 |/Acetate of soda . .| 209° | 261-7 
» ammonia .|Nolimit}356° || ,, potash .| 798-2 | 336-2 
Chloride of calcium .| 325-0 | 355°1 |/Phosphate of soda | 112°6 | 284-7 


The boiling re of water being 212°, that of concentrated nitric 
acid will be 186°8; that of alcohol will be 174°2; that of oil of 
will be 314°6; and that of linseed oil 600°°8, Sea water, 

4» of its own weight of the chloride of sodium, boils at 

212°2 in the open air; if the proportion of salt be increased, the 
tem of ebullition will increase also; thus, for % of salt it 
becomes 214°-4 ; for 2, it becomes 215°°5 ; for ty 216°7 ; for §, 217°°9; 
for $, 219°; for fs 221°°4; for 49, 223°7; for 42, or the point of 
saturation; 226°, may be interesting to the cal reader here to 


state, that marine boilers are usually worked with proportions of salt 
equal to 4 of the weight of the water; but that occasionally those 
—— are raised as high as 4 without much inconvenience. 
‘or mechanical purposes, it is necessary that steam should exercise 
a pressure in excess of that of the atmosphere; and, upon Dalton’s 
law above quoted, this additional pressure, or elastic force, can only be 
obtained by causing the water to boil under such conditions as shall 
bring to bear upon its surface an effort equivalent to the one the steamn 
is desired to exercise. It is a matter of the greatest importance in the 
arts, then, to ascertain the temperature of the water which corresponds 
with steam of certain , and numerous experiments have been 
made for this purpose. Messrs. Dulong and Arago, M. Regnault, and 
Macquorn Rankine, may be cited as the greatest authorities on 
the subject ; and the reader who may desire to study this branch of 
Povaical science in detail is referred to their works, as also to those of 
ollaston, Lavoisier, Laplace, Gay-Lussac, Petit, De Pambour, Lubbock, 
Mosely, &c. The tables drawn up by Messrs. Arago and Dulong of the 
elastic force of steam at the different temperatures observed during 
their experiments, or ascertained by calculation by means of a formula 
deduced from those experiments when the elastic force of the steam 
exceeded 392°8 Ibs. on the superficial inch, are sufficiently accurate for 
practical purposes, though M. Regnault’s later researches are more 
elaborately correét. and Dulong’s table is to be found in 
Daguin’s ‘Traité de Physique, and elsewhere; the pressure being 
indicated in atmospheres of 14*7 Ibs. on the superficial inch, and the 
temperatures are given on the centigrade scale. Macquorn Rankine, 
however, gives in his ‘ Treatise on the Steam Engine,’ p. 564, a table, 
from which the following statement of the tension and the boiling 
points is extracted; the tension being given in pounds, the tempera- 
ture of the water, producing the steam of that elastic force, in degrees 
of Fahrenheit’s scale. 
Table of temperature of water able to produce steam possessing the 
elastic force indicated, in Ibs. avoirdupois per superficial inch :— 


Volume of Volume of 
Temperature, | Force, | 1 1b. of steam|| Temperature, | Force. |1 1b. of steam 
in cubic feet, in eubie feet. 
212° 14°70 26°36 329° 101°9 4°280 
221 17°53 22°34 338 1151 3814 
230 20°80 19°03 347 129°8 3°410 
239 24°54 16°28 356 145°8 3°057 
248 28°83 14°00 365 163°3 2°748 
257 83-71 12°09 374 182°4 2°476 
266 39°25 10°48 383 203°3 2°236 
275 45°49 97124 $92 225°9 27025 
284 52°52 7973 401 250°3 1838 
293 60°40 6992 410 276°9 1672 
302 69°21 6153 419 805°5 1°525 
sil 79°03 5°433 428 336°3 1°393 
320 89°86 4°816 
In ice, the of steam is reckoned without any reference 


to that of the atmosphere; or, in other words, it is only the pressure 
in excess of the atmospheric pressure which is noticed. Ordinary 
condensing engines, said to be working at from 16 to 40 Ibs. pressure, 
would, according to the above table, work with steam of an elastic 
force of from 30°7 to 54°7 lbs. ; high pressure engines, working at from 
60 to 120 Ibs. pressure, really work with steam of 74°7 and 134°7 lbs. of 
the table, and the temperature of the water would in both cases corres- 
pond with the higher degrees of elastic force. The laws connected 


with the relations between the temperature and pressure above stated 
are, moreover, sometimes applied practically in the arts as a pre- 
caution against di from an accidental increase of pressure ; for, on 


the continent, it is usual to gs in a steam-boiler, intended to work 
under high pressure, plugs of mixed metals able to fuse at tempera- 
tures which would generate steam of a dangerous nature. When these 
plugs fuse, the water escapes, and consequently puts out the fire ; 
they do not, however, dispense with safety-valves. 

ne + number of formul# have been propia’ for the purpose of 
caleulating the relation between the elastic force of vapour and the 
temperature of the water producing it ; such are the formule of Laplace, 
Ivory, Poisson, Lubbock, De Prony. The simplest of them is un- 
questionably the one given by Dr. Young, r=(1+0°0029t)’; or, as 
given by and Dulong for the centigrade scale, r= (1 + 07153¢)5 ; 
and Regnault found that the results it gave corresponded yery nearly 
with those obtained by actual observation, when the vapour was given 
off from water heated beyond 212°, but that below that temperature 
the results no longer agreed. 1] ult adopted, therefore, another 
formula proposed by Biot, and discussed at length by that philosopher 
in his ‘ Praité de Physique,’ 1816: but, as this formula contains no 
less than five constants, and the indications given by the simpler 
formula of Arago are admitted to be correct for all the pressures dealt 
with in practice, there can be little reason for adopting the former. 

It is important, in calculations with respect to the use of steam as a 
motive power, to ascertain whether the latent heat of the steam 
remains the same at all temperatures; and M. Regnault has added to 
the other services he has rendered to science by going through a 
series of direct experiments for the purpose of veri the laws of 
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Watt and of Southern upon this subject which had previously been 
received. Regnault found that at the eric pressure it 
required 540 thermal units of the French scale to convert 1 gramme of 
water into steam (971,636 English thermal units to convert 1 pound 
avoirdupois); and thus far his experiments (recorded in the ‘Mé- 
moires de PAcadémie des Sciences,’ vol. xxi.) agreed with those of 
other observers, Watt, however, had laid down the law “ that the 
quantity of heat n to vaporise a given weight of water was the 
same at every degree of the thermometer ;” and Southern had stated 
“that the latent heat of vaporisation was the same under every d 
of pressure ;” De Pambour's observations appeared also to show that, 
up toa pressure of about 65lbs. on the superficial inch, Watt's law 
was substantially correct. Regnault, on the contrary, found that 
Watt's law was not exact, and that Southern’s was still more falla- 
cious ; for he found that when the temperature increased, the total heat 
also increased, but the Jatent heat diminished. The results of his 
experiments were given in the following formula, A=606'5 + 0°305t ; 
in which A is the total heat (on the centigrade scale), and ¢ the tempe- 
rature of the steam ; the coefficient 606°5 being the value assigned by 
him as the latent heat of vapour at 0°, and 0°305 the specific heat of 
steam. Regnault ascertained at the same time that between the 
limits of 0° and 392° there was hardly difference in the specific 
heat of water, so that there was no occasion to take that difference 
into account. In the Mémoire wherein these observations are recorded 
a table is inserted, showing the tensions, and the total heat of the 
vapour given off at temperatures increasing by equal increments of 10 
degrees centigrade, between 0° and 230°. The table in question is also 
given in Daguin’s ‘ Traité de Physique,’ t. i., part 2, p.965. It may be 
as well to add that the laws of the latent heat of steam are practically 
applied when buildings are heated by means of it; in these cases the 
heat absorbed, or rendered latent in one place, is distributed by the 

ipes which enable the steam to circulate over other parts of a 

nilding. 

The following table of the densities of vapours is extracted from 
Daguin’s work; it is based upon the experiments of MM. Gay-Lussac 
and Dumas, and the density of air is taken as unity. 
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Substances. 2 |)283 Substances, #8135 
ar 1s | Ar [mB 
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Centi- | Centi- 

grade. | grade, 

Water . . «| 06235 | 100° ||Sulphurie ether | 2°5860 36° 
Hydrocyanic acid ./ 0°9476 | 26°5 Sulphide of carbon .| 2°6447 |) 47 
Alcohol “ - «| 1°61388]) 11 Essence of turpentine! 50130 | 157 
Hydrochloric ether .) 2°219 36 |Hyarolodie ether .| 5°4749| 65 


Compared with water at its greatest degree of condensation, the 
density of steam at 212° Fahr. is exactly 1695 less than that of the 
water, or nearly 1700, as was before stated; or in fact, one volume of 
water yields nearly 1700 volumes of steam. This is worthy of remark; 
for the volumes of the oxygen and hydrogen, posts in a given 
volume of water, occupy under atmospheric pressure a space equal to 
2500 times the volume of the latter. It has been suggested that the 
condensation which thus appears to have taken place during the com- 
bination of the permanent gases referred to, may be explained by some 
change in their electrical state ; and it is well known that the evolution 
of steam, under high pressures, does give rise to electrical phenomena 
of a very remarkable but hitherto only partially studied description. 
Messrs. Armstrong, Faraday, Schafthoentl, and Pesraeedl have, indeed 
observed that when steam, charged with water in suspension, escapes 
in such a manner as to exercise friction against a substance opposed to 
its passage, a development of electricity takes place, and that generally 
the water or the vapour is positive, and the opposing substances 
negative. The form, the nature, and the temperature of the orifices 
affect the development of the electricity to a great extent, and 
especially does heat retard it; at the same time the amount of elec- 
trical action depends on the purity of the water, for a small quantity of 
salt or acid destroys the property, and a very small proportion of the 
essence of turpentine causes the nature of the electricity to change; 
the steam in this case becomes negative. Becquerel evidently attri- 
butes the development of the electricity, by the passage of steam under 
the circumstances recorded in the experiments of Mr. Armstrong, to 
the friction of the globules of water contained in the steam; but this 
interesting question has not yet been examined with sufficient. accuracy 
to allow the formation of any absolute opinions on the subject. 

Steam-Engine. In conformity with the plan of this Cyclopedia 
a general outline of the principles of the engine will be here given, the 
reader being referred to different articles connected with the subject, 
or to works written specifically on the steam-engine, for more detailed 
information. 

The claim to the invention of the steam-engine has been made a 
subject of national contention; but the conclusion, arrived at from the 
discussions which this contention has originated, seems to be, that, in 
common with all other important applications of physical principles, 
no individual can lay claim to the invention. Whatever may have 
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gigantic stature by the fostering care of different countries, with- 
out ing from or und the efforts of others, England may 
be justly proud of her share of the glory, a share readily conceded by 
our competitors. 


Considering therefore dispute as unprofitable, and the discussion of 
dates of patents and improvements as uninteresting, we shall incorpo- 
5 Ne is requisite of the history of the engine with our account 
of it. 


other uses that force may be put to. 

Admitting this definition, the earlier steam-engines, as they 
commonly called, those of the Marquess of Worcester (1663), and 
improved forms contrived or suggested by others, and even 
Savery’s (1698), which was long employed in this country, were only 
pumps for raising water: a partial vacuum was formed in close vessels 
by the condensation of steam within them, the stovepher) ee 
raised the water to a certain height ; from whence it was higher — 


it was converted by the genius of Watt. [Warr, James, in Broc, 
Drv.) 
In the subjoined diagram, a represents a cylinder open at the uppe. 
Fig. 1. 
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end, fitted with a piston B, and rendered air-tight by having water on 
it to the depth of several inches: the piston-rod was suspended 
chain from the arched end of a beam c, turning on an axle, and ha’ 
a pump-rod at its other extremity, loaded so as to counterpoise 
weight of the piston, and to raise it to the top of the cylinder. This 
cylinder was placed over the boiler p with which it communicated b 
a steam-pipe B, furnished with a cock F to open or close the 3 
G is a cistern fixed above the cylinder, to the bottom of ween ype 
H , also provided with a cock 1. 

hen the piston was de to the bottom of the cylinder, it — 
drove out all the air before it, which escaped at the orifice of a pipe k 
into the water of a smaller cistern L: the cock ¥ being next opened, « 
the steam from the boiler filled the cylinder as the piston rose again 
from the action of the counterpoise; as soon as it arrived at the top, 
the cock ¥ was closed and 1 opened, a jet of cold water from the cistern 
G rushed into the cylinder, condensing the steam, and thus forming a 

ial vacuum beneath the re Se of the air on its 
surface forced it downwards, and the pump at the other of 
the beam to raise an equivalent weight of water toa height equal to — 
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through which the piston moved; the injected water and con- 
steam-water flowed off into the cistern i through k, as the air 
previously done. The cock 1 was now closed, and F opened, and 
action was repeated, and when this engine was first introduced, it 
the duty of an attendant to open and shut these cocks alternately; 
lever handles to open and shut the cocks were acted 

i cams, carried a rod suspended from a beam; and the 
engine became self-acting. is improvement was rudely made in the 
by a boy named Potter, for the purpose of saving hi 
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Newcomen’s engine was successively improved upon by Smeaton, 
ndley, engineers, previous to Watt’s time, and from its 
intrinsic merits it remained in general use under the appropriate name 
of the “atmospheric engine” during the greater part of the last cen- 
i ah os oe and Se eeweing weter. 
first and most important of Watt's improvements on the engine 
consisted in effecting the condensation in a separate vessel, termed the 
condenser, which communicated with the cylinder. This condenser 
being filled with steam from the boiler at the same time with the 
psec bow jet of cold water, admitted into the former only, effected 
condensation of the whole volume of steam, both of that in the 
ey ia well as on nga the eee: in conformity with the 
well-known principle in physics, an action originated in an 
part of a homogeneous fluid is almost instantaneously communi ted 
it its mass. 
To effect still further the object of this separate condensation, Watt 
placed his condenser in a cistern, the temperature of which was kept 
constant - fresh supply of cold water, brought from a well by a 


re to — eee ae =e given out 
~escynay Leonean > i vessel and the water 
surrounding it, have prevented 
condensation necessary 
To comprehend the necessity for a rapid condensation, it must be 
that the effective power of the engine depends on the 
pressure on the pi minus any resistance it encounters and on the 
space which it moves. the steam could be instantly con- 
verted into water, and so entirely removed,* a perfect vacuum would 
be formed bencath the piston, in which case, there being no resistance 
from this source to overcome, a maximum of power would be obtained; 
but if the condensation be slow, or only partial, since the i will 
begin to move the instant there is any inequality in the ures 
exerted on its opposite surfaces, its motion will be retarded, or the 
power diminished, by the resistance to compression offered by the 
uncondensed steam; and although that resistance would tend to 
diminish as the condensation proceeded, yet the space occupied by the 
steam ishing in consequence of the descent of the piston in 
ion, the resistance would be nearly constant 
that descent. 


nearly the same 
the whole 


e additional friction resulting 
from arrangement. The bg wl of this alteration was to admit of 
the elastic force of the steam being employed to impel the piston 
downwards, instead of aoa atmospheric pressure, For this pur- 
pose, the steam was from the boiler above the piston at the 
same moment the condensation took place in the condenser; the 
steam- being made double for the purpose, so that the communi- 
eation with the condenser could be cut off when that with the cylinder 
was alternately. When the piston had descended to the bottom 
of the cylinder, the counterpoise at the pump-rod raised it again, as in 
Newcomen’s engine ; but to allow of this upward motion, it was neces- 
sary to remove the steam which was above the piston, and this was 
done by allowing it to pass under the piston, and into the condenser 
through a passage opened at the instant for this purpose, 
Such is the general principle of Mr, Watt's single-acting engine, which 
hence became a steam-engine, and was no longer an atmospheric one. 

By a further improvement, the counterpoise at the pump-rod was 
done away with, which obviously had been so much added to the 
Lo seyret of the engine, since this weight had to be raised in 

to that of the water. The upward stroke of the piston was 
now by admitting the steam below it, to act by its elasticity, 
as it previously done above when causing the piston : 


* One cubic inch of water occupies 1711 cubic inches of space, in the form of 
steam at 212°; consequently, the space occupied by the water after the con- 
densation may be neglected in the computation. 
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thus the engine became double-acting, and assumed that essential 
general principle which it has ever since maintained, although all the 
details of its construction have been improved upon by successive 


engineers. 

The changes in the engine introduced by Watt created the necessity 
for two pumps, and commonly three, which are worked by rods attached 
to the beam: the first of these is the hot-water or air pump, intended 
to remove the air, condensed water, and steam from the condenser, in 
which they would otherwise accumulate, and finally stop the action ; 
for this water cannot flow away into an open cistern, as it had done in 
Newcomen’s engine, since by Watt's principle it is essential that the 
eondenser should be as steam-tight and as perfectly closed as the 
cylinder, or else the steam could not exert a pressure greater than that 
of the atmosphere, as it is intended to do in order to increase the 
effective force of the engine. The second is a force-pump, required to 
return the water drawn from the condenser by the first back to the 
boiler, as will be hereafter explained; and the third, termed the cold- 
water pump, is that alluded to in a preceding paragraph as supplying 
the cold-water cistern which contains the condenser. 

Having thus explained the general principle of the engine, some of 
the details of its construction must now be considered, and the piston 
(Hypravuics] may claim our first notice, both from its paramount 
importance and the practical difficulties to.be overcome in its forma- 
tion. In hydraulic machines, all vessels, pipes, valves, &c., must be 
made water-tight ; in Bramah’s pump, for example, the efficiency of the 
engine entirely depends on the accurate fitting of parts moving in 
contact, which must be perfectly water-tight, though subjected to a 
pressure of many hundred pounds on each square inch of surface ;— 
the utmost perfection of skill in workmanship is requisite to ensure 
this object, and the difficulty is obviously considerably increased when 
steam or gases are the fluids to be dealt with. Now the piston of a 
steam-engine must be steam-tight, and yet move with a minimum of 
friction in the cylinder; and as this latter, from defective workman- 
ship, can never be a perfectly true one, the cylindrical periphery of the 
piston must be so contrived as to be capable of adapting itself to every 
inequality in the surface against which it slides: this is effected in 
common pistons by their being made two inches or more less in 
diameter than the cylinder, leaving a projecting flange at the bottom, 
which, together with a top plate bolted to them, accurately fits the 
cylinder. Tow or soft rope, saturated with grease, is carefully wound 
round the cylindrical body of the piston, between the upper plate and 
lower flange; the former is then drawn up by screws, compressing the 
i ing packing till it perfectly fits the cylinder, and yet by its 
elasticity allows of its adapting itself to the inequalities in the surface. 
The first (fig. 2) of the annexed figures will explain the details of the 
construction of the ordinary piston. 


Fig. 2. 


Fig. 3. 
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But as the friction of this common piston is necessarily very con- 
siderable, the better class of engines fave usually what are called 
metallic pistons, of which there are different kinds, invented by Cart- 
wright, Jessop, Barton, and others. The body of these pistons is 
metal, made in pieces or segments, acted on by springs radiating from 
acentre; so that while the friction is diminished by both surfaces 
being metallic, the piston, owing to its construction, can adapt itself to 
the irregularities of the cylinder. It is found in practice that these 
metallic pistons wear for a long time, and do not of course require the 
frequent repacking necessary to those with tow or hempen stuffing. 
Figs. 3 and 4 represent a plan and elevation of an improved form of 
Barton’s piston, to explain the principle. 

In Newcomen’s engine the steam was admitted to the cylinder, and 
the communication again cut off by means of a cock of the common 
construction ; but a more efficient contrivance is requisite when the 
steam is to be admitted alternately both above aad Baloo the piston, 
and to the condenser, as it is in engines since the introduction of 

38 
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Watt's im ts, This can be accomplished by a passage 

cok, Grigitally invented by Leupold in 1720, and since at ved by 

Bramah and others. The principle of a four-way cock will be under- 

re (fig. 5) of the plan of one employed by 
engines, 


Se annexed fi 
in their small 


stood 
Messre. Maudslay and 


Fig. 5. 
Fig. 6. 
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A is a portion of the cylinder; 8, the steam-pipe; ¢, D, &, three 
passages, one communicating with the top, another with the bottom of 
the cylinder, and the third with the condenser; F is the four- 
cock, which, by turning alternately to the right and left, establishes a 
communication between one of the former with the latter passage. 
Fig. 6 represents the conical valye with its side apertures, and that 
at the top, by which the steam enters. 

Watt employed flat conical valves for the purpose under considera- 
tion, which were raised or depressed by cranks acting on a guide-rod at 
right angles to the plane of the valve, which therefore did not turn on 
a hinge like the common clack-valve of a pump. In some of his 
engines the valves were raised or depressed by toothed sectors acti 
on a rack in the guide-rod, so that the valve might rise from its sea’ 
without altering the parallelism of its plane, Two such yalves were 
mounted in one box, one above the other, the guide-rod of the lowest 
passing through that of the upper. 

#ig. 7 shows the yalves of this construction, of the large engine 
erected by Messrs. Maudslay for the Chelsea Water-Works. c, part 
of the cylinder; Pp, the piston; 1, the “ plug- ;” a, the i 
handles, which are Peal 4 by the tappets ~~ plug-tree, and thus 
open and close the valves v; s, the steam-passage to the upper and 
lower parts of the cylinder ; p, the passage to the condenser. 


Fig. 7. 


In most engines of the present day, however, the slide-valve, as it is 
termed, has superseded the use of the others, excepting in large 
pumping-engines: a erage flat surface slides on another, termi- 

the orifices wi are to be opened and shut; such is the 
principle, but the forms and arran its are too numerous to 


lower & being shut off in the on 

of the valve shown and shaded to Gs Senet toe kd is moved by 
it is shown in its second position in dotted lines, in 

which position it will be seen that the steam can then enter beneath 
the piston, while the passage Pp to the condenser is in turn in com- 
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munication with the upper part of the cylinder by means of the tube 
Pig. 8, a 


t of the slide, 


The characteristic and most valuable part of this principle is of 
making part of the slide act as a pipe to connect the two parts of 

linder alternately with the condenser. The steam, by pressing on 

e slide in the common form of slide, enormously increases the friction 
with the surface against which it acts, and also ¢ 
the parts; this d is remedied in the box. and all others which 
possess this peculiarity. 

Slide-valves Mt git nord by Murray, in 1799, but were abandoned, 
till improved wor ip allowed of their being more made; 
they have been successively improved in le by Murdoch, Br ; 
Millington, Maudslay, and Seward, the slides of the last-named being 
now much used in marine engines. 

It has been mentioned that the alternate action of the valves in the 
atmospheric and Watt's engines was produced by pins, or éappets, ad- 


justed on a rod called the plug-tree, suspended from the beam ; as the’ 


plug-tree moved up and down with the beam, the tappets struck the 
ends of bent levers or cranks, which raised or depressed the valves in 

roper succession : some of these levers were so formed that the a 4 

pressing against them might keep the valve closed durin 

greater part of the stroke * ¢ piston, and others required an inter- 
mediate shorter lever, or claw, to act on the valve-rod; so that the 
whole arrangement was inevitably complicated and cumbrous. 
when the slide-valve superseded Watt’s double conical valves, and the 
steam could be opened and closed by the motion of one rod 
le, this motion could be pepe Hage ms 


in- 
tended to move a crank directly connected with the slide-rod at its 
other extremity. As the shaft reyolyes, the excentric imparts 
an alternating motion to the frame, which, transmitted by the crank, 
alternately raises and depresses the slide-rod. The of the 
excentric is one of the most valuable of those mechanical contrivances 
by means of which a continuous circular can be converted into an alter- 
nating rectilinear motion. t 
The * beam” so frequently alluded to, was obviously the readiest 
mode of conn: the alternating motion of the piston with 
pump to be worked, in the atmospheric 3 and owing 
facilities it offers of working the plug-tree and the three 
sary in Watt's condensing engines, continued to form a part of 


E 
; ie = 
8 cdeg 


or more trees, r 
further strengthened yee of truss, as is seen in the diagram of 
Newcomen’s ie, 


purpose of causing the piston-rod to move up and down 
right line, though connected with the end of the beam, which neces- 
sarily described an are of a circle, as turning on a fixed centre; this 
arrangement implied the use of a flexible chain, to suspend the piston, 
which might wind round, and unwind from, the arch, but a chain 


* The term stroke is technically used by engineers to express the whole 
motion of the piston from the top to the bottom of the cylinder and back again, 


STEAM AND STEAM-ENGINE. 790 


739 

could not be used when the piston had to raise the beam, as it had to 

do in Watt’s engine, instead of being raised by it, as in Newcomen’s. 
The object of these “arched heads” is attained in modern engines 


by a system of simple rods or levers, so combined that one point may 
line nearly. There are a variety of combinations 
ag tog Se effected, but that termed the “ parallel motion,” 
. Watt for the purpose, is the only one which need be 
being that most commonly used. 
The geometrical principle of this motion is shown in figs. 9 and 10 as 
well as the whole + when the piston is near the top of the 
; Aphpeetpor ng ser by one end to the frame supporting the 
pair of levers being jointed together and 
beam, must obviously, in every position, form a lelopipedon, 
the name is derived ; P is the piston-rod to H; Q that 
water pump connected with the parallel motion at I in the 
side, 


the engine is employed to drive machinery of any kind, a jly- 
becomes a necessary adjunct to it. A fly-wheel is one in which 
principal quantity of the matter is distributed in the periphery ; 
hen such a wheel revolves on an axis icular to its plane, the 
greatest quantity of matter moving with a maximum velocity, the 
momentum of the whole is a maximum, while its inertia, if it be large, 
causes it to control, or equalise, the motion of the machinery through 
which it receives its own. It is the momentum of such a wheel which 
constitutes the disposable force available for the multifarious purposes 
to which machinery can be applied; so that in the case of the steam- 
engine, although the elasticity of steam is the original source of power, 
the immediate one by which the work is executed is the momentum 
aire pace tly necessary to ada tri to the end 
t is juent to pt some contrivance e en 
of the beam, which shall convert the alternating circular motion of the 
latter into a continuous one of the fly-wheel; this is effected by the 
rod and crank, a piece of mechanism of such frequent occurrence that 
it is unnecessary to describe it; the treadle of a lathe is a familiar 
instance of its application, and for a similar , that of co: i 
the alternate motion of the turner’s foot with the continuous one o' 
the wheel of the lathe; the principle of the treadle, or rod and crank, 
is in fact the only one by which an alternating can be converted into 
a continuous circular motion ; it must therefore be employed, notwith- 
standing the variati: cop lad cone ply 8 rend afr Magar 
‘ormed by the rod and crank with each 
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by it, and the primary one is entirely suspended or held 
pas ye Ait oi of the fixed centres on which the 
turn, 

steam-engine the rod and crank are so adjusted that these 
ral positions occur when the piston is at one or the other end 
inder, and the valvesare so arranged that, both steam 

, all communication between the engine and the boiler is 
; otherwise the steam, which could not under these circum- 
move the piston, would exert its force to the detriment of the 
; as soon, however, as the momentum of the fly-wheel has 
crank past these positions, the motion reci ly imparted 
to the piston and valves admits the entrance of the steam 
boiler into the cylinder again. It is one of the important 
the construction of the engine, that the piston should be in 
it of its course when the steam exerts its maximum of effect 
the time when, the rod and crank being at right angles 
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2" bee titer the maximum of force may be exerted to turn the 
ly-wheel 

Since the diameter of the circle described by the crank must be 
equal to the length of the stroke, or to the distance through which the 
piston moves, it might be thought advantageous to increase the length 
of the stroke, as admitting of a longer crank; but there are limits 
to this length, determined by a variety of circumstances, some of which 
will be hereafter explained. 

When, Watt substituted the elastic force of steam for the pressure 
of the atmosphere, he introduced a source of power which might be 
increased to an indefinite extent, provided it were found advantageous 
to employ it; and the question naturally suggests itself, what is the 
elastic force or pressure at which the maximum of useful effect can be 
produced with a minimum expenditure of fuel? Unfortunately no 
direct answer can be given; in mathematical language, the unknown 
quantity is a function of too many variables to be capable of deter- 
mination, except by repeated experiments for every specific engine, 
this gaat varying with the principle of its construction, even with 
the details, The results of such experiments seem to show, that. 

erally it is more advantageous to employ steam of a comparatively 
high elastic force ; accordingly the pressure was increased, in engines 
constructed by Watt, from 4 to 8 or even 12 ibs. on the inch, the appre- 
hension of danger from the explosion of boilers in which of high 
pressure was generated constituting the chief limit a further 
extension of the practice; at the present day condensing engines are 
even worked as high as from 25 to 30 lbs. pressure. The nature of 
those improyements in the construction of boilers will be briefly 
explained hereafter, by which steam of 200 Ibs. on the inch may be 
generated, if requisite, with nearly as much security as that of 4 Ibs. in 
the earlier boilers ; but at present, simply stating that such is the case, 
we proceed to explain some important changes which have been con- 
eons made in the principles of the engine. : 
en the steam is first admitted into the cylinder, the total space 
filled by the steam is immediately augmented by that through which 
the piston moves ; and if the capacity of the boiler were not several 
times greater than that of the cylinder, the consequence would be a 
gradual diminution of the pressure, supposing the total quantity to 
remain the same: but the moment the pressure in the boiler tends to 
diminish, an additional quantity of water passes into the state of 
vapour, of the same tension as that previously generated, provided the 
temperature be maintained ; hence the pressure on the piston may be 
regarded as sensibly the same throughout the whole of its stroke, 
provided that pressure be somewhat greater than that of the atmo- 
sphere, and the [communication with the boiler remain open. It must 
not, however, be supposed that the pressure on the piston is the same 
with that of the steam in the boiler; all that is here asserted is that 
the pressure on the former will be uniform, 

But if the pressure be considerably greater than that of the 

atmosphere, the steam, even when separated from the water, while 


fer pets in the enlarging space formed by the motion of the piston, 


will exert sufficient force to continue that motion, till at last the 
pressure diminishing inversely as the space increases, and directly as 
the tem; ure, according to Mariotte’s and Gay-Lussac’s laws, that 


pressure will finally be not in equilibrium with the resistance, and all 
motion will cease. boy 4 the ale ge peingiple ok working 4 enginet, 
originally proposed by Watt, though not employ y him, but 
which eae from the improvements in boilers above alluded to, is 
becoming general under the name of that of expansion. In the 
common , if the pressure on the piston continue uniform 
during the stroke, as it would do if the communication with the 
boiler remained open, the piston would move with an accelerating 
velocity till it arrived at the end of the greases, when the motion in 
that direction being eyes | stopped, the momentum must be ex- 
pended on some of the fixed points of the machine, to its manifest 
injury, and with the useless expenditure of so much power; accord- 
ingly the communication with the boiler is now always cut off when 
the piston has arrived at a certain point, and with a momentum 
sufficient to carry it to the end of its stroke without auy useless ex- 
iture of force, while the steam behind it, which was originally of 
ut a few pounds pressure above that of the atmosphere, thus limited 
in quantity, rapidly declines in force, and ceases to urge the piston on, 
But on the “expansion principle,” when the steam possesses con- 
siderable elastic force, the communication with the boiler may be cut 
off much sooner, and the piston is urged forward by the expansive 
force of the steam, which, although decreasing as the space increases, 
is sufficient to the piston to the end of the stroke. 

f it be asked how it is advantageous to use half the quantity of 
steam at twice the pressure, when it takes perhaps twice the quantity 
of fuel to raise the steam to the double pressure, the answer is, that it 
can bé shown analytically that the total force exerted by steam acting 
expansively is greater than that which would be exerted by steam of a 
constant pressure, equal to the mean of those exerted, first, at the 
moment the steam-valve is closed, and, secondly, when the piston 
arrives at the end of its stroke; consequently, as less steam may be 
used to produce the required effect, a saving of fuel is the result, or in 
other words, the quantity of steam may be much less than half, at 
double the pressure, or the pressure much less than doubled, to pro- 
duce the same effect, 
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librium were produced ; as long, therefore, as a steam-engine is moving 
with a constant velocity, the pressure on the piston must be equal to the 
resistance to be overcome, consisting of the net work to be done, 
together with the friction of the various parts, the resistance of the 
uncondensed steam, of the air on the < poe side of the piston, and 


same unit, or for the quotient obtained by dividing the total resistance 
by the number of units of surface, we bave 
Y=R (A) 


as the first equation of condition; but since the velocity of the motion 
must be taken into consideration, when the ¥ cael or force of the 
engine is to be determined, we must consider the velocity with which 
this pressure is applied, or, in other words, the rate at which the 
steam is applied to the cylinder; and it is obvious that when the 
engine is moving with a constant velocity, the supply to the piston 
must be exactly that produced in the same time by the e ion 
going on in the boiler. If, therefore, s expresses the volume of water 
evaporated in a unit of time and transmitted to the cylinder, and m 
the ratio of the volume of steam, formed under the pressure P in the 
boiler, to the volume of water which produced it, ms would express 
the volume of steam generated in each unit of time under the pressure 
P: by passing into the cylinder this steam assumes the pressure ?’, and, 
neglecting the further change produced by the variation in the tem- 
perature of steam in changing from Pp to pressure P’, the 
volume of that quantity of steam would be inversely as the pressures 
by Mariotte’s law; consequently the volume ms, when transferred to 


the cylinder, would become m 8 3 and putting v for the velocity of 
the piston and a for its area, av will be the volume of steam expended 
in each unit of time; hence we get 
av= ms 5 a (B) 
eliminating P’ between equations (A) and (B), we obtain 
ms v 


for the velocity, resistance, and evaporation, when the other quantities 
are known ; it must be observed, however, that the element neglected 
in these general deductions, namely, the change produced the 


variation in temperature, has an important influence on the result, and’ 


must therefore now be taken into account. 


i: 
stop tts © 


is the general expression for the steam during its action in the engine, 
# being the volume, and p the pressure, and n and q constants, 
determined by experiments, for different kinds of engines.* 

* It can be shown that the density and relative volume of a vapour, whether 
or not in contact with the liquid, may be deduced, if its pressure and tempera- 
ture are known; and that when in contact with the liquid, the temperature 
varies directly with the pressure, In deducing formule for the steam-engine, 
it is necessary to be able to determine an expression for the relative volume of 
the steam in contact with the water, or the volume of the steam at the maximum 
of density and p ‘€ at any’ proposed temp e. Now this cannot be done 
from the existing formul@ for analytical reasons, and it becomes necessary to 
adopt some empirical formula, for determining this relative volume of steam at 
its maximum of density, in terms of its pressure only; this formula must be 
tested by its conformity with experiment, The late M. Navier proposed for this 
purpose, 


= 


1000 
» = 0°09 + 0-0000484 p 


in which ~ is the ratio of the volume of steam to an equal weight of water, and 
ra the pressure ; but this formula, though true within certain limits of pressure, 
not 


i t with experi ts at pressures lower than the atmospheric, and 
the following is propounded by M. de Pambour, as more correct and compre- 
hensive :— 

A 10000 
“ = 09-4237 ++ 0-00288 ? for condensing engines ; 
10000 


= 1-421 40-0023 p for non-condensing engines ; 


p being the pressure in pounds on the square foot. These formule in general 
terms therefore are expressed by 


= n+ap" in the text, 


Let a certain volume of water, s, be converted into steam of the 
pressure p, and let m represent the volume of steam produced, then— 
a 
8 ~ n+gp’ 
if w’ and p’ stand for the volume and of steam from the same 
volume of water s,,under other conditions, then— 


Dean Lie 
B= 's ~ n+ 9p” 


a= 


and therefore the ratio of the volumes of steam produced under these 
different conditions from the same volume of water will be— 


Shar 
fiat 
os 
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that is, the volumes will not be inversely as the pressures simply 
according to Mariotte’s law ; but inversely as the pressures augmented 
by a constant. 
From the above equation we get— 
n 
— + p 


ey 


Let Pp = pressure of the steam in the boiler. 
p’= pressure of the steam in the cylinder; p’<P generally. 
™ = pressure at any instant when acting expansively in the 


engine. 2 

1 = length of the stroke. 

U = the length of that part of stroke performed before the com- 
munication between the boiler and cylinder is cut off. 

A = the length of that portion of the stroke performed when the 
pressure is become 7. 

a= area of piston. 

c = clearage, or space in the cylinder at each end left between 
the piston and the of the cylinder, including the 
part of the steam-pipe between the slide-valve and the 
cylinder, pos ah space is necessarily filled with steam at 
each stroke. Wife 


When the piston has performed A of its course under the e 
force of the steam, let sae be the differential of this loathe eat tie 
corresponding force or effect will be rad.A: and at the same instant 
the space a(l’+c) occupied by the steam before the expansion will 


(D) 


M 
—— 
nu’ 
+4 


. (E) 


become a(A+¢). Hence from (E)— 
=(: ite i 
™=\q +?) xte ~ Qi 
n d.r : 
and xad.A=a(l' +c) ( + v) o* -7 ad.a, 


Integrating between the limits /’ and J, we obtain 
n lic on 
a(l’ +c) (: + v) log ive 3 o(—F) 


for the value of the total effect produced by expansion from the 
moment when the communication with the boiler is cut off, to the end 
of the stroke. By adding to this therefore the effect ral’, produced 
previously, we get 

n 


n U l+e 
a(U' +c) (= + ) Ee + log 7** | q 


If in this expression, ’/=1, which is equivalent to supposing the 
mene to be working without i 
to 


a=arl .. (F) 


expansion, we get P’=R, as it ought 


Resuming the equation —<— which expresses the volume of steam 
at the pressure p’ furnished by the boiler in the unit of time, and 


a(U'+c) being the volume of this steam expended at each stroke; 


then i there are K strokes in that time, the expenditure of steam 
will 
Ka (I' +e); 
and if v be put for the velocity of the piston, we have y=xl, or 
k= 4 ; hence, by substitution, the expenditure will be 
va (U +c) 8 
a ntor “Sc eoeereee «| 


by equating the expenditure to the volume furnished by the boiler, 


which, as been above stated, must be the condition when the 


= 
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motion is uniform. Eliminating pr’ between (F) and (G), we get for 
the final general equation— 


8 1 U l+e 
"= a’ nt+gR tee + log Tye 


The resistance expressed by k in this formula is the total pressure 
each unit of surface of the opposite side of the piston, and is 
of three parts. First, of the load, or work to be moved or 
done, which we will denote by r, Secondly, of the resistance arising 
from the friction of the engine, which may be expressed by f+3r ; 
f being the friction when there is no load, and Sr the increment due 
to the additional friction for each unit of the load. And, lastly, of 
pressure on the ite surface of the piston, which will be the 
heric pressure in non-condensing engines, or that of the uncon- 
steam and residue of air in co ing ones; this we shall 
call p. All these, r, f+%r, and p, refer only-to each unit of surface of 
the piston, or 


..+ (BH) 


the 
atm 


R=(1+d)r+p+f, 
by substituting this value for r in (H), and putting x for 
fit pid bes 
Tre + 8 ixe_) 
we obtain Ps 


8 
°= a: argtatartpts) * * * ®) 


Now the quantity —", it will be seen (C) is the total space occu- 


by the steam (in contact with the water), under the pressure R : 
to deduce the velocity v, the volume of steam corresponding to 


acting expansively, /’ must be 
e steam is cut off; if expansion be 


The part p of the quantity k must be made pep a Aa! ware of 
the uncondensed steam, &c. If the engine be a non lensing one, 
then p will be equal the atmospheric pressure. 

Since from (K) we obtain 

he. sae bat (: L 
ar = (1+8)qv ~ 1+8 at? th) = ante) 


it might be supposed that when v=0, the resistance would be infinite, 
a paradox which would to vitiate the correctness of the formula. 
But it must be borne in mind that when v=0,8=0; for sis the 


linder in each unit of 


i 


that is, the formula becomes indeterminate, but not the less direct, as 
will appear by considering the other quantities it involves, and the 
consequences of putting c=0. 

By supposing the velocity zero, it is,in the first place, evident that 
no steam can pass to the cylinder, as has been stated; consequently 
there can be no expansion, that is,/=/. Again, the velocity being 
zero, the piston at rest becomes equivalent to the fixed sides of the 
boiler, and the pressure it sustains is equal to that in the boiler. 

The working of an engine may be considered under three condi- 
tions: first, when it is working with a ae cep? of steam, and 
with any, whatever, load or velocity. ly, when it is working 
with a given pressure, and with that load or velocity compatible with 
the production of a maximum of useful or net force with that 
pressure : this may be termed the relative maximum of useful effect. 
And thirdly, when the pressure having been determined to furnish 


the force most consonant with the action of steam in any specific 
engine, the load is regulated so as to be that most advantageous for 
that pressure: this last constitutes the absolute maximum of useful 
effect for that machine. 

The three fundamental problems for solution in the calculation of 
steam-engines consist in determining the velocity, the load, and the 
rate of evaporation in the boiler, since the useful effect, or net ayail- 
able power, is a function of these three quantities; and this net avail- 
able power may be expressed in six different ways :— 

First, by the number of pounds raised to a unit of height in a unit 
of time. 

Secondly, by what is termed the “ horse-power ” of the engine. 

Thirdly, by the weight raised by the consumption of 1b. of fuel. 

Fourthly, by the weight raised by the evaporation of a cubic foot of 
water. 

Fifthly, by the number of pounds of fuel, or of cubic feet of water, 
for each horse-power. ; 

Sixthly, by the number of horses-power which is furnished by each 
pound of fuel, or by each foot of water. 

For the various formule by which all these problems may be nume- 
rically solved for different kinds of engines, and for the investigations 
by which those formule are deduced, we must refer to more compre- 
hensive works; contenting ourselves here with deducing the general 
equations for the other unknown quantities of evaporation, useful 
effect, and horse-power, as we haye done for velocity. 

From (K) we obtain 


e=aretaltittr te +s) Petty (9) 


as the expression for the evaporation of which an engine must be cap- 
able to overcome a given resistance 7, with a proposed velocity v, 
8 being the quantity of water which is to be converted into steam and 
transmitted to the cylinder in each unit of time. 

The useful or net force of the engine generated in the same unit of 
time is obviously arv ; since v, the velocity, is in fact the moved 
through by the piston in that time; by multiplying therefore both 
sides of (L) by v we obtain 

sk av [Tn 
G+2q~ T+3 lg t p+t | « + (N,) or by 


multiplying both sides of (K) by a, we obtain an expression for the 
same quantity in terms of the load 


Useful force=arv= ——_S**_ 
n+q{(1+d)r+p+f] 


It will be noticed that for any proposed engine this force does not 
depend on the pressure of the steam in the boiler, Pp not entering into 
these expressions; but on the evaporation s effected in the boiler in 
each unit of time. 

What is termed a “ horse-power” is estimated as 33,000 Ibs. raised 
one foot in a minute [Horse Power] : by dividing therefore the equa- 
tions last obtained by 33,000, we get 


Useful force in horse-power= 


Useful force = arv= 


(N,) 


Useful Foree 

33000” 
and if during the unit of time nbs. of coals are used in the 
furnace, 


. Useful force from 1 Ib. of fuel= Useful force 
N 


We must now return to our general description of the engine and of 
its modifications. 
In 1781 an engineer named Hornblower proposed using the expan- 
sive principle by means of a double cylinder, but was prevented from 
ing out his plan by the comprehensive and jealously guarded 
patents of Watt and his partners. In 1804, however, Wooit brought 
this principle of the double-cylinder engine into use. The annexed 
figure (fig. 11) will explain the mode of its action with an improved 
slide-valve. 


The steam enters through the passage p above the piston in the 
smaller cylinder A, at a considerable pressure : while the piston is des- 
cending under its influence, the steam from beneath passes through 
the tube 7 above the piston in the large cylinder B, which is impelled 
downwards by its expansion, the steam which was previously under 
this piston having to the condenser by the Long t. When 
the stroke is completed, the slide is moved downwards by its rod o. 
The small plugs or pistons v and w pass below the openings 7 and 
t, and the slide below the orifices p and g, and the action is 
reversed. 

But though possessing considerable advantages, the double-cylinder 
engine has not become common, unless in the case of large pumping 
engines, probably owing to the complication of its structure, and the 
iner effects of radiation from so large a surface, more than com- 
pensating its merits; and the expansive principle, equally applicable to 
a single cylinder, is now principally employed in engines of the com- 
mon construction. 

To reduce the compass and weight of the engine sufficiently to 


= & 
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render it portable, the cumbrous apparatus of the condenser, and its | 2.-N 


attendant pumps and cisterns, had to be discarded; and since the 


Fig. 11, 
0 


principle of condensation was consequently renounced, it was 
. to raise the steam to a pressure sufficient to overcome that 
of the atmosphere on the opposite side of the piston. To allow the 
steam to act alternately on both sides of the piston, that which had 
just acted on one side to drive the piston was expelled into the open 
air through an orifice, corresponding to that which would have con- 
nected the cylinder with the condenser in an engine of the usual 
construction; but unless this orifice were as large as the diameter of 
the cylinder, which obviously it never can be, the steam, retarded in 
its escape by the contraction of the passage, must diminish, by its 
resistance to compression, the effective force of that which is acting to 
impel the piston. 

uch is the simple principle, and such the greatest defect, of the 
non-condensing engine; but the saving in original cost and the 
paramount advantage of portability more than compensate for this 
defect ; so that the use of this kind of ine has become general, not 
only for the purposes of locomotion, but for a variety of others where 
the engine is stationary, and probably in many instances where its 
advantages are imaginary. 

Since the pumps of the renege Bee ca are dispensed with in the 
non-condensing one, the beam may be so likewise ; the piston-rod is 
made to move in astraight line, by having a cross-piece attached at its 
top, which slides between guides fixed on each side of the cylinder, the 
rod which works the crank of the’ fly-wheel being attached to the end 
of this cross-piece. A still further simplification is effected bf con- 
necting the piston-rod directly with the crank on the shaft of the fly- 
wheel, the cylinder being mounted so as to oscillate as the whieel 
revolves on the steam passage, and thus alternately to open and close 
the communication between the top and bottom of the cylinder. 
Such engines are termed vibratory, and are successfully used where 

must be economised, as with marine engines, but the weight of 

e cylinder thus moved is so much to be deducted from the power of 
the engine, and further causes a rapid wear of the centres on which it 
turns, which consequently cannot be long preserved steam-tight, and 


“riod age wr geile classed, according to the principle on 
which the physical properties of the steam are employed in them, 
2 Poittt alice aia shat . soa pany eat ensation, 


3. Double-acting engines. . + "ii ueanunee ana 
2. Non-condensing Engines. 
Pressure only. 


1, Engines worked by . a Ryalita . 4 
2. Engines worked by . 3 and Pressure and expansion, 
The form of the engine, the arrangement and construction of its 
parts, its er, &c., depend entirely on the purpose to which it is to 
applied, and may be indefinitely diversified, but those most in use’ 
may be artificially p Bt thus— 
1, Condensing engines, with beams and parallel motions, 
1. Without a Ay-wheel, for pumping in mines, &c, 
2, * Marine engines. 
3. With a fly- , for working machinery. 


-Non-condensing engines, without a beam. 

ny, with < ayer for working machinery, 

» tatory 

8. Locomotive engines, without a fly-wheel. 

a sogioce, or Sone ae ee i Menger fF 
country generally condensing engines, situation admi' 
abundant use of cold water. The prinlpal peuliarity in the ar 
ment of the marine engine is the tion of the beam, which, for 
te nat toon: 9 lower than the cylinder, and is 
louble, there being one on each side; a rod from one end of each of 
these is connected with a cross-piece at the top of the piston-rod, the 
rectilinear motion of which is produced either , or by a crank- 
arrangement, anal in its action to the motion. 

ends of the double are connected by a cross-piece, carrying 
centre the “rod” to work the crank on shaft of the paddles. In 


dependent on 
her halle Galt would otherwise be. 

It has been mentioned that there is a limit to the proportion between 
the diameter and length of the cylinder; the advantage that would 
accrue in gain of power bya long stroke being diminished by the 
greater radiation of heat from the larger surface dimini the force 
of the steam in the cylinder ; here therefore, as in other caleula- 
tion connected with the steam-engine, it is hardly le to arrive at 
any formula or rule that can be invariably used. the surface of the 
pe Aen to be made a minimum, with a maximum of capacity, 
we could readily determine that the length should be twice the 
diameter ; * but we find that this proportion is not adhered to by the 
best makers; it varies from 3: 1 to 2: 1; but in the marine it 
io newalliy stor tor 5 in Jena Aiianode Nie peaaicriies ot GAs 

e diameter of the cylinder of a marine-engine is usually greater, 
in proportion to its length, than it is in others, in order to obtain, by 
an increased surface of piston, that power which is unattainable by a 
long stroke, owing to the limited space which can be appropri to 
the engine, Formerly, the apprehension of danger, where so many 
lives were at stake, the use of steam of more than 4 to 
6 lbs, on the inch in marine engines, and the expansion principle conse- 
quently could not be had recourse to, At present, the of 
using this principle has outweighed the apprehension in the of 


the owners of vessels, while the public, contented with the information 


that the engine is a condensing one, seldom inquire further, and con- 
ceive that the steam is at a low pressure in all marine serpy 
where the expansion principle is used, which it now extensively is, 
pressure in the boiler is at about 30 lbs. on the inch above the pressure 
of the atmosphere. + 

Engineers have always been induced, by the obvious advantage of a 
continuous over an alternating motion, to aim at contriving a steam- 
engine in which the steam should act directly to uce such a 
motion. It does indeed appear at first sight that, where the object of 
the engine is to produce a continuous circular motion of a fly-wheel, or 
of wheels of some kind, it would be desirable that the steam should be 
applied tn § to impel the wheel, instead of having its force trans- 
mitted through a series of levers, necessarily increasing the friction and 
the cost of the engine. Watt accordingly patented more than one of 
such rotatory engines, and others since have from time to time 
brought forward arrangements the purpose, but none have 
into permanent and general use, The fact is that, as can be 
shown, the employment of steam in this way is productive of a greater 
waste of power, with a greater increase of friction, than can be com- 
pensated by any real advantages. In all rotatory steam-engines 

* Let 1 = length, 2 = the diameter, c = the capacity of the cylinder; since 
the concave surface is only gradually brought into contact with the steam, by 
the motion of the piston, its effects on the temperature may be considered as 
about half what it would be if the whole surface were at once exposed, Then 
the whole surface, including the two ends, being 


aa? alc? 
pet 4; ae ve 


we have for the surface affecting the temperature of the steam 


nal+- mrt Qe m2? 
or as 


therefore 
2ede 
wade — a =0 


and by substituting the value of c, and reducing 22=1. 

+ On the Miasiseippi the bost-engines are worked with steam of from 100 Ibs. 
to 130 lbs, on the inch; but the latter enormous pressure is rargly expeeded, 
“ except,” as an American commander said, ‘on extraordinary occasions, 
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hitherto proposed, the principle has been to admit the steam to act 
on a fan or fans reyolying round an axis of the cylinder; and, by 
ingenious excentric movements, the surface of these fans is made to 
increase as the steam diminishes in elastic force from the enlargement 
of the space it occupies. Many such engines have been used fora 
time, but commonly after a few years’ trial they have been abandoned, 
and the reci ting principle substituted, thus proving that experience 
confirmed the deductions from theory. 

In all mechanical combinations, the object to be effected necessitates 
a certain characteristic form of the machine, which it retains, whatever 
improvements may have been successively introduced either in its 
principle or in the details of its construction. We can recognise in a 
modern Sussex plough the form of that used by the subjects 
of the Pharaohs to till the of the Nile; and Newcomen would 
acknowledge a marine engine made by Maudslay and ‘Field as a 
descendant of his atmospheric one: but he would for some time be at 


family likeness. 

The principal causes of this novelty of form are, that great velocity 
being the.object, the boiler must constitute the greatest part of the 
bulk, in order to supply a sufficient quantity of steam to meet the 
demands of the two pistons making 200 strokes per minute, and even 

it to carry a supply of fuel and 
locomotion is usually produced 


NE apenl hpegele nari two 
are requisite to maintain even » moderate velocity ; 


to impact small pistons thro 
acme pring being necessary, as in the steam-boat, to equalise the 


into the air, 

Site tke ceenehs , bib as the action of the engine cannot be 
understood independently of the boiler, it. becomes necessary to turn 
our attention to that subject, without a general description of which, 


aecount of the steam-engine would be incomplete. 
a the South-Western Railway of England, and on the Chemins de 
Fer de l'Ouest of France, the engines employed are made with external 


cylinders, and the piston-head is connected with the crank fixed on the 
driving-wheel by a link or connecting-rod. There are great advantages 
in this system, so far as economy of construction is concerned ; for the 
cranks are simply keyed on the ends of the axles of the driving-wheels, 
instead of being forged upon the axles themselves, and the whole of 
machinery is of a simpler and more efficient character ; but at the 
game time the condensation in the cylinders is far more serious than it 
would be in the case of internal cylinder engines, on account of the more 
exposed of the external eyli engines. The latter engines, it 
may be present the advantage of having a smaller dead weight, per 
horse-power exercised, than is the case with internal cylinder engines. 
Since some of the principal objects to be kept in view in the con- 
struction of boilers are incompatible with each other, one or more must 


F 


ting | side by side, commu’ 


patible with an economical application of the heat to a great extent of 
surface, which is essential to the rapid generation of steam. 

Secondly, the form should be as simple as possible, both for the 
sake of reducing the expense of construction and most readily admitting 
of repair. Boilers are made of iron or copper plates riveted together 
at their edges; and if one of these is cracked, or has been burnt, that 
plate can be taken out and another put in without pulling the whole 
to pieces, which must be done when the boiler is of a complex form} 
added to which, all angles are sources of weakness, o to the 
inequality of the strain on the adjoining surfaces, and the injury done 
to the metal by bending it to form the angle. 

The form of boiler used for Savery’s, Blakey's, Newcomen’s, and 
other engines of the 17th and 18th centuries, up to the time of Watt, 
was that of an inverted frustum of a cone, with a spherical top, and its 
bottom slightly concave. This boiler was set in brick-work like a 


the waggon-head boiler. It is set in a rectangular mass of masonry, 
the cylindrical head alone projecting above the level of the brick-work ; 
the fire-place was underneath one end of the boiler, and extended 
‘eislonanda for one-third of its length ; the flue, after proceeding to the 
further end, returned along one side, across the end, over the furnace, 
and along the other side into the chimney-shaft, the boiler itself every- 
where forming one side of the flue, and consequently having the flame 
and heated air directly in contact with it at the bottom and sides. In 
some cases, when the boiler was very large, a cylindrical iron flue was 
formed through the boiler longitudinally, opening at each end into and 
forming a continuation of the brick one, thus increasing the surface to 
be acted on by the heat, 

The next important modification in form was that of making the 
boiler entirely cylindrical with hemispherical ends, which is probabl: 
the form best fitted to combine as many requisites as possible. Wit 
this form the furnace is often placed S a second cylinder within the 
boiler, and forming the first part of the flue: thus the fuel being 
entirely surrounded by the water, little or no heat is lost by radiation ; 
but there are serious objections to this practice on the score of acci- 
dents, as well as the deficiency in draught, owing to the confined space 
in which the combustion takes place. 

When an engine is of such a size as to require more steam than one 
boiler of the ude ean supply, it has two or more, set 
g with a common steam-pipe, Since the 
extent of surface to the pressure of the steam,-and therefore 
the liability to bursting, increases in a greater ratio than the capacity, 
there is obviously a limit to size, which can never safely be surpassed, 
while the bedarity is proportionally tnacoseed by éhiiaishin that capa- 
city: hence the necessity for using two or more small boilers instead 
of one large one; and the principle, carried to its limit, constitutes 
that of the tubular boiler, in which the steam is generated in a series of 
independent metal pipes of small diameter, all communicating with a 
common steam-chamber or reservoir, itself stall, and strong enough to 
resist great pressures. 

These tubular boilers, however, have not come into general use, not 
only on account of their complexity, and consequent liability to derange- 
ment, but because, unless in the case of locomotives, or steam-boat 
engines, there does not exist any demand for steam of such high 
pressure as they are intended to generate. 

Since, in aecordance with the general hydrostatic law, every unit of 
surface of the boiler has to sustain the same pressure, if a small 
of that surface can be opened by the pressure of the steam, when it 
has attained that which the boiler was only intended to withstand, by 
the escape of a quantity of the vapour at this orifice, the elasticity of 
the remainder is again reduced below the limit. This is the object of 
the cpt Pireaatbedbae cope Be fib pit = pf nga thy Alege 
retained in its seat by a weight calculated to yield to, or be raised by, 
the the moment the steam exceeds its elastie force. 

The safety-valve was first contrived be pe used in his 
and boilers, and has ever since consti an essential ndage to 
every boiler. In its simplest form it is an obtuse conical 


other extremity. The effective weight by which the valve is kept 
down may be varied by shifting the position of the weight on the arm 
of the lever ; and as this alteration might be unintentionally made by 
carelessness or accident, the valve should be inelosed in a box under 
lock and key, to prevent its being tampered with. A chain attached to 
the valve, and accessible to the engineer, should be , to enable 
him to raise the valve, to ascertain that it is in efficient order, and has 
not become fixed in its socket. But the best mode of applying the 
weight is directly on the valve, so that it cannot be inereased, as long 
as it is inclosed, by any accidental alteration in its position. In loco- 
motive engines the wet would be liable to re by the 
motion, and a spi ing is employed to down the valve. 

The t ies ts 2 ke haps date rape 
its seat, is loaded with a constant weight, which ought never to be 
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more than one-third the pressure the boiler is just capable of with- 
standing. The rapid diminution in the number of accidents from 
explosions, notwithstanding the increased employment of steam, suffi- 
ciently proves that they are nine times out of ten caused by gross 
negligence or culpable recklessness; but to obviate as much as possible 
the recurrence of explosions, every boiler should have at least two 
safety-valves, both secured from access, and yet both capable of being 
raised by hand from time to time: one should be loaded with a less 

i t than a ee ee eeee ot ee ee ee 


t equivalent to one-third 
computation fi on actual experiments, would burst the boiler, if 
made with metal of a given thickness; for, however carefully the boiler 
may have been made, it is impossible to ensure equal strength of it in 


every 

A originally suggested by Trevithick for insuring safety 
from Siar tay Seeting in it a plug of metal, which, melting at the 
tem) i = its tension became dangerous, 


ight open an exit for it. This plan is adopted in France, but besides 
that it is repugnant to our ideas of mechanical fitness, it is liable to 
many objections ; none of the pure metals melt at a temperature suffi- 
ciently low to be available, and all the fusible alloys soften long before 
they melt, and vary in these respects with minute differences in the 

rtion of their ingredients, so that the plug might be driven out 
fore the proper time. 

The boiler, sry the danger of b from over-pressure of the 
steam within it, is also liable to injury by external pressure of the 
air, if the steam within be condensed, as it must be on cooling, when 
the fire is let out, thus causing a comparative vacuum in the boiler. 
To guard against this, there should be a safety-valve to act in the direc- 
tion opposite to the usual one, which, yielding to the pressure of the 
a would allow of the entrance of the air, when this pressure 

the one exerted by the steam to keep the valve cl 

Another source of accident, which should be guarded against most 
sedulously, is the formation in the boiler of a deposit of the earths, &c. 
chemically united with the water or held suspended in it, and which 
are deposited from all water when long kept boiling in any vessel, as‘is 
illustrated and proved by the furring of old tea-kettles, This deposit 
is intensely hand and adheres so closely to the metal, that it requires a 
chisel and hammer to detach it when accumulated to any thickness, 
Being a bad conductor of heat, it prevents the rapid generation of 
steam, and by not allowing the water to be in contact with the metal, 
so as to carry off the heat imparted to the latter, the metal gets red-hot 
and is burnt, or, in chemical language, becomes oxidised by long 
exposure to a high temperature. If, under these circumstances, a 
fissure should be produced in the earthy crust, the water, suddenly 
admitted to contact with the red-hot iron, is converted instanta- 
neously into steam of such high pressure as to risk the bursting of the 
boiler. 

It is one of the advantages held out as an inducement to their 
adoption by the inventors of tubular boilers, that, owing to the jin- 
equality of the temperature of the liquid at different distances from the 
source of heat, a circulation is continually going on, which mechani 
prevents the formation of a deposit, while in large open boilers no 8 
cause can operate to any extent. In these the remedy appears to be 
the frequent cleaning out of the boiler, to prevent the accumulation of 
the deposit, and the admission of the water which supplies the waste 
to the part not over the furnace, which should be separated from the 
rest by a partition extending upwards nearly to the level of the water ; 
the fresh water is thus allowed to deposit its sediment in the part 
where it can be least productive of the evils alluded to, and whence it 
may be removed collectively from time to time. 

'o indicate the actual pressure at any time of the steam within the 
boiler, this is furnished with a gauge (fig. 12), consisting of a bent tube, 
open at both ends, one orifice a opening into the boiler. This tube con- 
tains mercury, which will obviously be at the same level in both branches 
when the steam in the boiler is of the same pressure as the atmosphere, 
but will rise in the lo leg as the pressure of the steam increases, 
and will thus by its altitude indicate that pressure. If the longer leg 
be of a certain length, the m: would flow over, or be blown out; 
altogether, if the steam were suddenly to increase in its elastic force, 
the gauge would in this case act as asafety-valve. The loss of the 
mercury may be guarded inst, under these circumstances, by a 
cistern p round the orifice of the gauge to receive it, as shown in 
the figure. 

A water-gauge is often used instead of a mercurial one, to save the 
expense of this metal; but then the tube must be long enough to 
allow a sufficient column of water to balance the pressure of the 
steam ; and by making the tube of sufficient diameter, this water-gauge 
then constitutes an efficient safety-valve. As these gauges cannot, for 
obvious reasons, be made of glass, to allow of the height of the fluid 
within them being directly observed, this height is indicated by a light 
wooden rod projecting beyond the end of the gauge, which floats on, 
and therefore rises and falls with, the mercury or water. 

In locomotive-engines, where the use of a mercurial and still more 
of a water-gauge is impracticable, the same end is attained by a ther- 
mometer, on the well-known principle that the temperature of steam 


is always in a constant relation to its pressure; or by Bourdon’s steam- 
gauge, in which the steam acts upon a diaphragm, as in the aneroid, 


Fig. 12, 


If there be not water in contact with that part of the boiler exposed 
externally to the direct action of the flame and hot air in the furnace 
and flues, the iron would become red-hot, and so suddenly increase the 
= the steam in contact with it, that an explosion would pre 

y ensue ; and if not, the iron in that part would be more 

or burnt. ‘To prevent this it is n that there should be always 
water in the boiler above the level of the highest part of the flues; and 
to enable the engineer to ascertain whether this is the case, there are 
in all boilers two pipes with cocks, one of which dips down into the 
water, while the other reaches only to within a few inches of its surface 
when at the right height in the boiler ; the consequence of this arrange- 
ment is, that if the cock of the shorter pipe be opened steam will issue 
from it, and water from the other when that is opened in its turn; but 
if steam escapes from both cocks, the engineer is warned that there is 
not sufficient water in the boiler, and therefore directs his attention to 
remedy the deficiency. 

The boiler is always supplied with water by the action of the engine; 
the hot water, pumped out of the condenser, is raised into a cistern 
placed at a sufficient height above the boiler, by the force-pump men- 
tioned in the general description of Watt’s engine ; from this cistern a 
pipe passes through the top of the boiler, and reaches nearly to the 
bottom, where it is bent at right angles ; the upper orifice in the cistern 
is closed by a valve connected by a spindle-rod with one end of a simple 
lever, from the end of the other arm of which a wire is suspended, 
porting a stone float in the boiler, the valve being weighted just. 
counterbalance the specific gravity of the float; as the water subsides 
in the boiler in consequence of its evaporation, the float falls and raises 
the valve, allowing sufficient water to descend into the boiler till the 
float, rising again, causes the valve to close ; the weight of the column 
of water in the pipe prevents the steam from escaping in that direction 
‘during the action of the valves; hence the necessity for the feeding- 
cistern being raised sufficiently above the boiler. The bend at the 
bottom of the feeding-pipe is intended to cause the water, when 
near to the bottom of the boiler, to wash away the sediment which 
would otherwise collect there. 

The locomotive-engine, as has been stated, requires a boiler of a form 
and principle different from those of an ordinary one. 

The boiler a (fig. 18) isa cylinder made of wrought-iron plates, riveted 
together in the usual way, but it is covered with a wooden to 
prevent, as far as possible, the great waste of heat which would radiate 
from a metal surface moving through the air with great velocity. At 
one end of the boiler is the furnace 8, consisting of a double case, the 
outer one of iron with a semi-cylindrical head, but quite open at 
bottom ; within this is an inner square case of sheet copper, riveted all 
round the bottom edge to the outer one, but leaving on its three sides 
a ~— of three inches between them, which is filled with water, and 
indeed forms a continuation of the boiler. The bottom of this inner 
case is the grating on which the fuel is laid. ¥ is the feeding door in 
front, opening of course through both cases, which are therefore riveted 
together, so as to be steam-tight all round. A series of uy of 
100 brass tubes of small diameter pass from the back of the to 
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the further end of the boiler, where they open into the chimney. These 
tubes, which are entirely immersed in the water, constitute the flue, 


Fig. 13. 
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increase considerably the heated surface in contact with the 
therefore promote the rapid generation of steam. The 
tubes forms an in the construction of 
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5 indrical vessel with the 
steam-chest, the steam- inating in it at s. The object of 
arrangement is to prevent the water, which is agitated by the 
motion, from passi h the steam-pipe to the cylinder, where it 
be highly detrimental; the wake ones divides into two 
chimney, one ing to cylinder. 

is supplied with water from the tender by two force- 
worked by engine, and has a gauge, try-pipes, safety- 
&c., in common with other engines, though all peculiar in their 


‘This brief account of the boiler, and of its various arrangements, 
will hardly be considered complete without some notice of the explo- 
sions to which it is liable. 
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conj 
the boiler ; but this does not appear probable, nor is it reconcileable with 
any known physical laws, while the elastic force of steam is capable of 


its the survivors accurately recalling the phenomena imme- 

iately antecedent, while those who from their proximity would be 
best capable of affording this evidence, are either killed, or are too 
interested in exculpating themselves to be impartial witnesses. With 
regard to the formation of explosive gaseous compounds in the boiler, 
pe admitted that h: 


ydrogen gas is the only ingredient of 
can be formed; and that is obtained by the decomposition 
of the steam when in contact with the red-hot iron ; but pure hydrogen 
is not explosive ; and to render it so it must be mixed with oxygen or 
atmospheric air. It has been that the latter may be intro- 
duced along with the water by a defect in the feeding-pump; but the 
proportions of the air and of the hydrogen must be ite to uce 
an explosion; and it is difficult to sup that in such a situation 
either should continue to accumulate till the quantity is exactly that 
necessary to produce an explosion. In short this explanation of the 
subject is beset with difficulties which have not yet been removed, 
though the attention of scientific men both in Europe and America 
has been frequently directed to it. 
Whenever the steam-engine is employed to execute any work which 
is variable in its Layee I ay intensity, there must be some means of 
adjusting the force of the engine to this varying resistance it has to 
overcome ; if the engine were suddenly relieved of half that resistance, 
as, for example, would be the case if half the it was driving 
werd Madani shopped or thrown out of gear, the , if impelled 
by the same quantity of steam, would immediately move with a rapidly 
accelerating velocity, till that velocity were doubled, which would be 
prejudicial to the engine itself and to the rest of the machinery it was 
we , a8 well as be a useless expenditure of force or fuel. The 
object of that beautiful piece of mechanism termed the governor, is to 
enable the engine to regulate the supply of steam admitted to the 
ARTS AND SCL, DIV. VOL, VII. 


cylinder, or in other words to adapt the force it has to transmit to the 
resistance it has to overcome, 


Fig. 14, 


The governor, the form and principle of which will be better under- 
stood from the figure (fig. 14) than from any description, is made to 
revolve on its vertical axis a, by a band passing round a pulley and round 
one on the axle of the fiy-wheel, or else by bevilled wheels, as shown in the 
figure; so that its velocity of rotation varies with that of the fly-wheel. 
lf this velocity increase, the heavy balls bb diverge by the increased 
centrifugal force, and cause the collar ¢ to slide up the axis; this by 
means of the intermediate cranks partially closes the valve at v, in the 
steam-pipe s, termed the throttle-valve, and consequently diminishes 
the quantity of steam passing to the cylinder: if, on the contrary, the 
velocity of the fly-wheel is diminished by an increase in the resist- 
ance, the balls of the governor collapse, and the throttle-valve is opened 
so as to admit more steam to the cylinder to augment the force in 
proportion to the increased resistance. 

effect on the governor is equivalent to varying the diameter of 


been | a second fly-wheel, the circumference of which is represented by the 


balls 6 b, consequently the governor itself, independently of its action 
on the throttle-valve, has a tendency to effect the adjustment required ; 
since a portion of the surplus force of the engine, on the first supposi- 
tion, is absorbed in overcoming the increased inertia of the governor; 
while, on the second supposition, that inertia, being diminished, relieves 
the engine of a portion of resistance. This accounts for the prom 
action of the governor in effecting the adjustment, which it does with- 
out those fluctuations in the velocity of the piston which would be 
prejudicial to the effect of the machinery actuated by this prime- 
mover. 

In the marine engine no governor is requisite; the resistance being 
so great compared to the force, that the velocity can never be exces- 
sive, and all the power the engine is capable of exerting is required to 
turn the paddle-wheels ; added to which the resistance is nearly uni- 
form, only varying with the draught of the vessel or the state of the 
weather, but never diminishing below that originally calculated on and 
provided for by the power of the engines ; an increase of the resistance 
accordingly produces a diminution in the velocity of the vessel, but 
the engine can never work so fast as to be injured by its own velocity. 

The governor is equally un to the locomotive engine, since 
the attendant must constantly have the engine under his control, and 
be watching its action ; he can therefore regulate the throttle-valve by 
hand-gear placed within his reach ; and in this case also, as with the 
marine engine, the resistance is nearly constant, consisting chiefly in 
the weight of the engine and the train of carriages to be moved, a 
weight not liable to any sudden change during the transit, while the 
momentum of the whole mass acts as a fly-wheel or regulator to 
equalise the motion of the pistons, 

We have not entered into any investigations of the formule for 
determining the dimensions of an engine and of its boiler, the pressure 
at which it must be worked, the yelocity of the piston, &c., in order to 
produce any proposed available or net force; or into the account of 
the experiments by which the amount of friction, the effects of the 
ta ca steam, the quantity of caloric obtained from different 
kinds of fuel, &c., all of which must be taken into accdunt in these 
inyestigations, and haye been approximatively determined. 
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(In the preceding article the formulw expressing the physical and 
mechanical properties of steam will be found, and for the others the 
following works among others may be consulted: Tredgold, T., On the 
Steam- Engine ; Farey, J., On the Steam-Engine, 4to.; De Pambour, 
F.M.E., Chev., Théorie de la Machine & Vapeur, 8vo., Paris ; Galloway, 
On the Steam-Engine, and others.) 

STEAM-CARRIAGES on common roads have for many years occu- 
pied the attention of engineers and mechanicians, on account of the 
evident economy which would result from the use of a road surface 
adapted to, and previously constructed for, ordinary traffic; but, up to 
the present time, none of the systems which have been proposed for 
the construction of these engines can be considered to have entirely 
overcome the practical difficulties attending the transport of the 
weights requi in the machinery and boilers, or the variable resist- 
ances encountered. Some of the more recently introduced traction 
engines seem, however, to contain, in germ, the elements of the success- 
ful solution of the problem of steam locomotion, by engines of small 
power, running on roads possessing an inferior degree of theoretical 
perfection than well maintained railways; and the introduction of the 
street railways certainly justifies the belief that, ere long, steam- 
engines may be used upon them between points which would not 
require, or justify, the construction of regular railroads, A short 
notice of the most celebrated attempts to adapt steam-carriages to 
common roads may, therefore, be desirable, accompanied by a few 
remarks on the characteristic distinctions between the resistances to 
be overcome in the respective cases of rail, or of common, roads. 

When steam-carriages work upon railroads, they traverse a surface 
of uniform hardness and rigidity; and it is easy to distribute the load 
over a number of carriages drawn by the engine, because the rails 
maintain the various parts of the train in the desired positions with 
respect to ohe another. No difficulty either occurs, in this case, on 
the score of the guidance of the engine or of the load; nor is it neces- 
sary to provide for avoiding obstacles in the road, or on account of 
sharp curves or bends. On common roads, however, the yielding 
nature of the surface im a limit to the weight brought upon the 
driving-wheels ; and the state of the surface as affected by wet, by the 
addition of fresh metal, or by other accidental causes, must materially 
increase the irregularity of the resistance. The rates of inclination 
adopted on common roads, and the small radii of curvature frequently 
met with upon them, are far more unfavourable than those met with 
in railways; and it is found in practice that there are serious objections 
to the use of more than two carriages in immediate connection with 
one another on common roads ; so that foreedly the space devoted to 
the reception of the machinery, boiler, combustible, &c., is confined 
within very narrow limits, in order to leave any space available for the 
conveyance of passengers or of goods. The irregularity of resistance 
of the road surface renders it necessary also to adopt great precautions 
in the construction of the parts of the engine designed to transmit 
motion from the piston-head; and the constant changes of inclination 
require that there should be provided, in steam-carriages designed to 
run on common roads, means for varying at will the amount of power 
exercised. In all locomotives it is desirable that the machinery should 
be of the simplest construction, and that it should be susceptible of 
easy examination and repair; but this is essentially the case with 
steam-carriages, on account of the variety of action required of them. 
The consequences of these peculiar conditions are that steam-carri 
must be made to combine great power within small compass, and with 
small dead weights; they must be constructed so solidly as not to be 
deranged by the shocks, or the bad state of the roadway ; and lastly, 
they must be able to work without producing any nuisance, or any 
interference with the ordinary horse traffic of the public thoroughfares. 
Hitherto it has not been found possible to secure these conditions, and 
to secure economy of traction at the same time; and the substitution 
of steam for animal power is still confined to railways, notwithstanding 
the enormous amount of capital they require to be expended on their 
construction. 

It appears that as far back as 1786 attempts were made by Williatn 
Symington, in Scotland, and Oliver Evans, in Philadelphia, to introduce 
steam carr! or , on common roads; and Mr. Murdoch, the 
well-known associate of Boulton and Watt, is said in 1782, or 1792, to 
have made a similar attempt. In 1802, Trevethick and Vivian pro- 
duced an engine for the same purpose of much greater value dian 
those previously made. After their trial, some years ela before 
other parties took up the question, and it was not until 1821 that 
Griffith patented his steam-carriage. In 1822 David Gordon began 
his public essays on the subject, and in the succeeding years he took 
out several patents connected with it. He was, in 1824, followed 

many er inventors, such as Hancock, Summers and Ogle, 

r. Church, Sir J, Anderson, Sir C. Dance, Mr, J. Scott Russell, &c. 
The success of these experiments was, as might have been expected, 
of a varied character; but they seem to have roused a singular amount 
of local opposition, which finally assumed so violent a character as to 
lead to the nomination of a select committee of the House of Commons 
to inquire into the “ present state and future prospects of land 
by means of wheeled vehicles propelled by steam or gas on cothmon 
roads.” The report of this committee was published ih October 1831. 
Although this report was favourable to the new application of steam- 
power, and although Mr, Hancock in 1831 produced a steam-cartiage 


which, like the one proposed about the same time by Mr. Goldsworth: 
Garey answered to a great extent the anticipations of their pai 
the difficulties attending this mode of locomotion Were considered to 
be so great, that about 1832 the conviction in the minds of practical 
engineers had become almost universal that “every attempt then made 
to render steam-carriages the means of economical and inland 
communication had totally and absolutely failed.” The success of the 
railway system, then first applied on a scale, served likewise to turn 
public attention from the avowedly inferior system of steam locomotion 
on common roads; and it was not until the recent application of steam- 
machinery to at a purposes had rendered it desirable to intro- 
duce some mechanical traction-engines of great power, that engineers 
were again induced to study this particular lem. In the Great 
Exhibition for 1851 there was only one plan of a locomotive for 
common roads; but between 1858 and the end of 1860 as many as 
nine varieties of those e were submitted to the public, of . 
sufficient importance to merit the attention of the professional journals 


and occasionally of the various ts of government. Of 
these, Boydell’s, Clayton's, B 's, y's, Giles’s, and Stirling’ 
traction-engines, Lord Caithness’ r Av ’s self: 

ing agricultural engines, and the engine by Mr, for 


pelling 4 

the English and Continental Traction-Engine Company, have attracted 
the amount of notice, and some of them have actually per- 
formed good work, Bray's traction-engine, for instance, has been 
usefully employed in our dockyards. rd Caithness reports that 
with his-carriage, having’ cylinders of 3 inches diameter and 7 inches ~ 
stroke, he was able to attain on the level a speed of 19 miles an hour, 


and to ascend inclines of 1 in 7, working at an average expense of from 
a halfpenny to a penny per mile; the weight, with water for a run of 
12 miles, and for 20 miles, is only two tons; but the carria 


only conveys (in the form represented in the ‘ Engineer’ for Oct. 19, 
1860) thins passengers, Creswell’s engine is sift" at ohio occasion ; 
have drawn two waggons containi 10 tons of core geek va eae 
Hill, a long incline of about 1 in 70; but on a repetition of the exp 
ment it broke down. There seems, therefore, to be some reason for 
the belief so confidently ex , by Lord Caithness, that ere lon 
steam may be substituted for horse-power on common roads; 
as the prejudice against its use has, since 1831, been considel 
diminished, the most bitter source of opposition has disappe s 
application of the expansion gear, and the introduction of street 

ways, must however be considered to have effected the greatest 
service towards the introduction of steam locomotion without the 
construction of special roadways, With all their modern improye- 
ments, steam-carriages are nevertheless still but imperfect substitutes for 
railway travelling, and it may almost be a subject for to witness 
the amount of energy, skill, and money expended upon them. 

The best information on the construction of steam-carriages is to be 
found in Gordon’s ‘Treatise upon Elemental Motion;’ Hancock’s 
‘ Narrative ;’ the ‘Mechanics’ Magazine ;’ the ‘Engineer;’ and the 
ie peo of the Select Committees of the House of Commons in 1831, 
and 1834 and 1835, upon Steam-Carriages and upon Goldsworthy 
Gurney’s claims, 

STEAM NAVIGATION. It would seem that navigation, being 
founded on the bases of geometry and astronomy, would be but one 
system, practicable alike by the commander of a sailing ship or of a 
steamer ; that practice attained in era class of vessels would 

the 


be equally available for the safety of er; but it is not so, As 
well may we compare the driving of a spirited horse in a light gig to 
the driving of a waggon team: there are points of skill in 


proficiency is also attainable in each, but interchange the driven hs 
it is probable that neither of the vehicles would be so well pond doped 
as before :—and thus it is with steam na ion. The sailor of the 
old school (for there is specifically a new one), is accustomed to have 
his eyes aloft ; and the of his sails, and the steadying of a bowline — 
here, and the pullfng upon a brace there ; the habitual look to wind- 
ward for coming weather, &c.; these form the main sources of that 
Hoh of ship (8 ts abmiract meaiing), ie with the ealig 

The navigation of a ship ( al m , is with the saili 
Sotaamaiyala i mere Hutte, A course of measured attentions to 
certain established customs, handed down from Ropar to genera- 
tion, and performed at definite periods, leayes mind, after those 
periods have passed, nearly free from the duties of calcein Se 
gether. But in the new school, things are far different, and it will be 
useful in this place to illustrate the present state of th sublooh by 
examining into what really constitutes this differéfice, for it 1 8a 
question of training and qualification. me 

We have only to refer to our article CoLtistons at SEA, to 
that act innovations have ere the tibredclcl, vie 
our sea services — ing in a high degree the safety of life; and we 
also refer to Sues and Suerte to show what laws ate found necessary 
in preventing such insecurity, Fearful then must be the increas 
responsibilities of a commander of a steam vessel. Nor does this 
admit of limitation, for the very causes of all this are in themselves 


ve. 
ery much may be attributed to the increase of speed in steamers ; 
yet there are pr Mi influences which affect steam navigation with 
peculiar foree: among these’ may be noticed the wide pr iling 

interest that owners, of steamers in particular, feel in the rapidity of 
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ir voyages. Hence, every advantage which can be taken to accom- 
plish this, is ponesioren es oF A Semen 5 duty—and Ly position, 
therefore, upon hi itually ing a quick passage. 
The fullotee will explain the work of eee of navigator. In 
ip, the master daily at 1 bell in the forenoon watch (half- 
syd 8 am.) his sextant upon deck to obtain an altitude of the sun, 
readiness for eng bie time at ship : he defers this work till noon, 
which he will have obtained his ship’s latitude from a meridian alti- 
fade: 5 ing the forenoon, or from fescslichr ge his Pe Be es, 
ith navigation-proper, is an i ce over the side o: 
t order to pes tr the ship’s ‘way ” (velocity), and also at 
compass to get an opinion as to the accuracy of 
marked on the log-board. [Drap-Reckonrna. 
ip’s position at noon haying been pricked off upon a chart, 

i up as soon after noon as convenient, the remainder 
the day calls for no further computations,— as it occasionally 
sarees ights for the time were not procurable in the forenoon, and 
are about 3 p.m, it being better to obtain them when the sun 
is about three hours from the meridian. Occasionally, a sailing nayi- 
gator may see fit to try a lunar for his longitude, but this is entirely 

ional ; or, perchance, in the evening an intelligent merchant captain 
may desire to yerify his position by observation of a star, &c. So then 
routine observation, the work of a sailing commander is 
For even, if in addition to his daily routine he be approach- 
entails no serious loss or labour to “ lie-to ” for a few hours 
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steamer, navigation is quite another 
first place, where a saili inder deems it 
not to close in with the land to 

i in which might auddenl: 
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distinction between steam navigation and sailing 
ill suppose a case, as applicable to the 
track :— 8 


vessels, the one sailing and the other 
There are sev sites < 
the 
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within about six points of the 

or “ tacking,” would in this case between a and 

, thirty miles, while the steamer’s would be about twelve. 

ow if we compare the two tracks it will be evident that the mind of 
sailing master might well be free from care, except when approach- 


in 
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ing ¢, or the weather side of f; while during the whole passage, through 
a slight mistake or inattention on the ES of the steam eames 
he might lose the ship. Suppose farther, that just as the steamer 
reached her position near d, the weather became hazy or foggy, 
obscuring the land: the master of the sailing ship in the offing could 
without a care lay-to with the ship’s head off the land, while the 
steamer must push on, if possible; because anchoring would incon- 
veniently delay her passage. He would have in such case to prick off 
his actual position on his chart by hasty bearings, subject to the delay 
of correction for local attraction, &c., ard indeed his work of navigation 
would form a perfect contrast to that of the ship-master outside. 
Farther investigation will even heighten the contrast, for in a passenger 
steamer, the commander finds the necessity of verifying his position as 
often as possible, by night as well as by day. He takes a larger 
number of observations, and needs eyery accomplishment which 
nautical astronomy offers him. 

If then such disparity exist in the duties of certain maritime com- 
manders, and if, moreover, no amended system of training have been 
yet perfected under authority, calculated to meet the increased in- 
telligence called for by the exigence of steam navigation, the subject is 
worthy of most earnest attention. - 

impression is gaining ground among rienced commanders 
themselves, that whereas other professions have thelk training based 
upon principles which are carefully explained to them, the nayigator 
is consigned to work with formule of which he has no comprehension 
beyond their mere adaptation to his work. ‘Trigonometry, plane and 
sp) eae is the seine ps pe calculations, but neither are its 
principles explained in schools of navigation generally, nor is eyen 
the projection of its figures deemed dene ta the Royal Naval 
School, and one or two others, this great defect has been of late 
attended to, and their example cannot, for the good of the Cone 
be too soon followed by those who have had the training of nearly 
50,000 of our population whose profession is that of the sea officer. 

our sea captains are successful in their voyages as a general rule, 
depends on their perseverance and intelligence as a body : they com- 
plain that they owe little to science and teaching. 

With regard to spheric trigonometry, circumstances already ex- 
plained under Great-Crrcbe-Sarine haye strangely driven it from 
even the ‘‘ Manual” of the Navi . [SpHerics ; SpHerocrarn.] 

(Raper’s Z'reatise on-Navigation ; Jean’s Works on Trigonometry ; 
The Calculation and Projection of the Sphere, Longman & Co.) 

STEAM-VESSEL, a vessel moved by the power of a steam-engine 
acting upon paren or other mechanism for propelling it through 
the water. Under Sup, Surp-surnpina, &c., were explained the prin- 
ciples on which vessels are constructed; and under Sream, Stram- 
Eyorxt, Proreier, &c., have been described the means of propulsion, 
Before entering upon the construction of steam-vessels, we give a brief 
notice of the rise and progress of the application of steam to navigation. 

A curious claim has been brought forward on behalf of Blasco de 
Garay, a sea Et who is stated to have exhibited in Spain, in 1543, 
an engine by which ships and vessels of the largest size could be pro- 
pelled, even in a calm, without the aid of oar's or sails. The documents 
relating to this claim, which, if correct, gives Spain the priority by a 
long period in experiments on steam navigation, were discovered in the 
royal archives at Simancas, and were published in 1826, by Thomas 
Gonzales, director of the archives. 

Stuart, in his ‘ Anecdotes of Steam-Engines,’ endeavours to establish 
something like aclaim to the invention of steam navigation by the 

uess of Worcester. The author alludes to a little engine, or great 
model, which he had “ already erected” at Lambeth ; and among many 
other purposes to which his invention might be applied, states that it 
tmay be used “ to draw or hale ships, boates, &c. up rivers against the 
streame; to draw carts, wagons, &c. as fast without cattel; to draw 
the plough without cattel, to the same despatch if need be,” &¢. 

e project to be next alluded to is that of Papin, who proposed an 
apparatus somewhat like that subsequently patented in England by 
Jonathan Hulls. Those who haye endeavoured to establish a claim 
to the invention of steam nayigation on behalf of France, have 

leaded Papin's suggestion in favour of their views; but none, so 
far as we know, have asserted that he put his scheme to the test of 


experiment, 
a 21,1736, a nt was granted to Jonathan Hulls for 
a machine which may be d ted a steam tug-boat; of which a full 
description was published in the following year, in a sensible pamphlet, 
entitled ‘ A Description and Draught of a new-invyented Machine for 
parang essels or Ships out of or into any Harbour, Port, or River, 
against Wind and Tide, or in a Calm,’ Hulls proposed to place an 
atmospheric steam-engine in the tug-boat, and to comm te its 
er by means of ropes to the axis of a kind of paddle-wheel mounted 
in a frame-work projecting from. the stern of the vessel. A contrivance 
is added for continuing the motion of the les by the descent of a 
counterbalance-weight, in the pesrele aceween the strokes a i 
piston. To guard against the injury of the fans or paddles by 
violence of ihe waves, Hulls proposed to lay pieces of timber so as to 
swim on each side of them, ‘The objections likely to be brought 
against the scheme are anticipated and answered by the writer, who 
expresses his opinion that it would be found better to place the 
machine in a separate vessel than in the ship itself, because the 
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machinery would be cumbersome in the ship, and, if in a separate | 


vessel, it might lie at any port to be ready for use, &c. 
The next circumstances which claim notice in the history of the 
invention of steam navigation afford the principal reasons for attri- 
buting, as some of their writers have done, the origin of the art to the 
French. In 1774, the Comte d’Auxiron, a French nobleman of scien- 
tific attainments, constructed a steam-boat, and tried it on the Seine, 
near Paris. It appears that the engine had not sufficient power to 
move the wheels efficiently, an error into which many of the early 
experimenters fell; and ently the result was unsatisfactory, 
and the persons who had ere to enable the Comte to construct the 
machine, abandoned the ject. In the next year, 1775, the eldest of 
the ingenious brothers Perier, who had assisted in d’Auxiron’s experi- 
ment, resumed the attempt, and placed a very imperfect engine, of 
about one-horse power, in a boat on the Seine, connecting the engine 
with two paddle-wheels. He also laboured under the disadvantage of 
having too little engine-power, and therefore failed to obtain any satis- 
factory result ; his boat moving but slowly against the current of the 
Seine. Fortified by the favourable opinion of the Marquis Ducrest, 
who perceived the cause of his disappointment, “Perier did not,” 
observes Stuart, “ altogether abandon the subject; and in succeeding 
years he made a few attempts with other propelling mechanism instead 
preteens which he thought were defective substitutes for oars, 
which, in his view, occasioned his failure.” He did not, however, 
accomplish anything important; nor did his attempts, according to the 
author just quoted, excite much attention in France, or any at all in 
England. In an Historical Notice on Steam-Engines, by M. Arago, 
in the French ‘ Annuaire’ for 1837, it is stated, probably from inad- 
vertence, that M. Perier was the first to actually construct a steain- 
vessel. From this we learn that trials were made on a larger 
scale, in 1778, at Baume-les-Dames, by the Marquis de Jouffroy, 
who, in 1781 or 1782, tried a boat of considerable dimensions upon the 
Sadne, at Lyon. Several English authorities give the dimensions 
of this boat as 140 feet long and 15 feet broad; but Arago says 
it was 46 metres long and 44 broad. Colden’s ‘ Life of Fulton,’ in an 
extract from the ‘Journal des Débats’ for March 28, 1816, states the 
dimensions to have been 130 feet long and 14 broad. The vessel had 
a single paddle-wheel on each side, and the machinery appears to have 
been constructed with some skill, although it was not sufficiently 
strong. The experiments of the Marquis were eventually stopped by 
the political disturbances of the country. “After a long exile, he 
returned to his country about 1796, and found that M. des Blanes, a 
watchmaker of Trevoux, had obtained a patent for a steam-vessel, 
which, it has been supposed, was constructed chiefly on the informa- 
tion which he could collect respecting that of the Marquis. Jouffroy 
appealed to the government; but nothing important resulted from his 
doing so, or from the experiments of M. des Blanes, which, like those 
of Jouffroy, were made on the Sadne. While M. des Blancs was 
engaged in his steam-boat project, Fulton, who was then in France, 
was also experimenting upon the same subject. - It appears, indeed, 
that both tried the scheme of propelling by means of paddles or float- 
boards attached to an endless chain stretched over two wheels project- 
ing from each side of the vessel. Fulton abandoned this plan, and 
poe! paddle-wheels in its stead; but during his experiments, 
M. des Blanes complained of his operations as an infringement upon 
his t right, and remonstrated with Fulton upon the subject. 
he narrative must now return a few years, in order to notice the 
attempts making in North America to solve the problem of propelling 
vessels by mechanical power. Without noticing mere vague sugges- 
tions of its possibility, of which some have been mentioned of earlier 
date, we find that two individuals named Fitch and Rumsey were 
early in the field as experimentalists. Stuart into their claims very 
minutely ; but it may be briefly stated that as early as 1783 Fitch had 
in moving a boat on the Delaware by means of paddles (not 
paddle-wheels) set in motion by a steam-engine ; and that in 1785 he 
presented a model and description of his apparatus to Congress. He 
was supported for some time by an association of wealthy persons, 
and was so sanguine as to the success of his project, as to send draw- 
ings and descriptions of his machinery to Messrs. Boulton and Watt, 
in order that they might procure an English patent for it. Nothing 
was accomplished by Fitch and his friends in England, and but little 
in America. It is worthy of notice that Fitch ex his belief 
that the time would come when steam-power would be employed for 
crossing the Atlantic. Rumsey, the rival of Fitch, had exhibited a 
model of a contrivance for moving a boat, to General Washington, as 
early as 1784; but Fitch alleged that it was merely an apparatus for 
enabling a boat to stem the current of rapid rivers, by means of 
wheels, cranks, and poles; and that it had been tried some years 
before by another person on the Schuylkill, and had failed. In 1787, 
Rumsey made some short vo: on the Potomac, with a boat about 
fifty feet long, propelled by the re-action of a stream of water drawn in 
at the bow and forced out at the stern by means of a pump worked by 
asteam-engine. This boat moved, it is said, at the rate of three or 
four miles an hour, when loaded with three tons, in addition to the 
t of her engine, which was about one-third of aton. The boiler 
only five is of water, and the whole machinery did not occupy 
more space than four barrels of flour. The fuel consumed was fro! 


m 
four to six bushels of coals in twelve hours, Rumsey afterwards pro- 


posed applying the power of a steam-engine to long poles, which were 
toforce the boat forward by reaching the bed of the river, when it had 
to move against a rapid current. Rumsey, as well as Fitch, was backed 
by a company; and their respective friends did not confine their rivalry 
to America, for the adherents of Rumsey addressed themselves to 
Boulton and Watt in opposition to the statements of Fitch. After all 
their conflicting pretensions, however, neither succeeded in the practical 
establishment of steam navigation. Rumsey came to England after the 
failure of bis projects in America, and commenced a steam-boat on the 
same principle as that he had used on the Potomac, which was. in 
some respects like the much older plan (1730) of Dr. John Allen. He 
died before the completion of this vessel; but it was finished by. the 
ns associated with him, and was brought to trial in February, 1793. 
his steam-boat performed several times on the Thames, against wind 
and tide, and attained a speed of four milesan hour. This method of pro- 
pelling a boat was subsequently tried by Mr. William Linaker, master- 
shipwright in Portsmouth dockyard, who obtained a patent for it in 
1808. His experiments had, as appears by his papers, been commenced 
as early as 1793. Stuart states that a similar apparatus was tried on 
the Thames after Linaker’s death, the engine used being on the prin- 
ciple of that invented by Savery. 
While Fitch and Rumsey were making their experiments in A 


essels. Of th highly mye ae 

purpose of ing v y e highly interestin, be 
made in 1788 and 1789, under the auspices of Patrick , Esq., 
differing 
louring 


m which they are based, our narrative will be condensed from that 
Mr. Russell, who has evidently taken much pains to produce a gatis- 
factory account of the whole course of proceedings. 

After stating that it has been very usual to attribute the invention 
of steam navigation to Miller, and that two competitors have contested 
his claim, Mr. Russell observes, “ We shall soon see that to no one 
of the three can the palm be awarded. The creation of the steam-ship 
appears to have been an achievement too gigantic for any single man. 
It was produced by one of those happy combinations in which 
individuals are but tools working out each his part in a great system, 
of the whole of which no single one may have com ded all the 
workings.” The persons who have contested the title of inventors of 
steam navigation, or rather, they for whom the title has been contested 
by others, are Patrick Miller, James Taylor, and William Symington ; 
and, after a long and patient examination of their ive 
and of the papers, published and unpublished, of the parties who 
advocate the cause of each, as well as of the personal testimony of such 
individuals as could throw light on the case, our author gives it as his 
conclusion that the art of steam navigation was the joint invention of 
the three, It will be seen from the history given above, that if the 
mere suggestion of applying a steam-engine to the propulsion of a 
vessel, or even the construction of a steam-boat, be considered 
sufficient to entitle a person to the name of inventor of steam na’ 
tion, that name belongs to some earlier projector, Hulls for instance, 
and not to any of the three individuals just mentioned ; and if, on the 
other hand, the honour be due to those who produced the first 
successful steam-boat, it cannot be applied with propriety to any 
individual, seeing that the superiority of the boats of Miller, Taylor, 
and Symington was attributable to a happy union of talent and 


enterprise. 

Mr. Miller, of Dalswinton, had been engaged in attempts for the 
improvement of naval architecture, proposing to build ships of much 
greater length than usual, in proportion to their breadth, and, in order 
to enable such narrow vessels to bear sail, to unite two or even three 
boats or hulls, ee side, sh as to oie a aot eaale triple boat. He 
had also experimented upon the application o “wh turned 
by a power within the vessel, instead of, or rather as teh to, the 
force of the wind. Russell observes, that he does not find that Miller 
anywhere claimed absolute property in the invention of paddle-wheels, 
which, as has been already stated, had been often tried. Having thus 
prepared a form of vessel suitable for the purpose of steam navigation, 
and provided it with an apparatus for propelling it through the water, 
it a remained to apply the steam-engine itself. This, it ap, s 
was done subsequently, in consequence of the suggestion of Mr, 
Taylor, who, in 1785, went to reside in Mr. Miller's family as tutor to 
his younger sons, and, in 1786 and 1787, frequently assisted in his 
experiments with paddle-wheel boats. In one of these, in the latter 
year, one of Miller’s double boats, sixty feet long, propelled by two 
wheels, each of which was turned by two men, was matched 
a Custom-house boat, which was reckoned a fast sailer; and on this 
occasion the want of a sufficient moving power to turn the wheels was 
sensibly felt. Both Miller and — eh this ; but when the 
latter suggested the steam-engine, Mr, Miller, for a time, questioned 
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its applicability. In 1787 he published an account of his experiments, 
in which he observed, after describing his paddle-wheels, “I have also 
reason to believe that the power of the steam-engine may be applied to 
work the wheels, so as to give them a quicker motion, and consequently 
to increase that of the ship. In the course of this summer I intend to 
make the experiment; and the result, if favourable, shall be commu- 
nicated to the public.” This project formed the subject of much con- 
versation at Dalswinton in the summer of 1787, and was mentioned 
by Taylor to his intimate friend Symington, who was then engaged 
as a mining-engineer at the Wanlockhead lead-mines, but had devoted 
much attention to the improvement of the steam-engine, and had 
constructed a model of a steam-carriage [SteaM-CarrracEs], in 

which he had provided simple means for converting the reciprocating 
motion of the pistons into a rotatory motion. Thus, while Miller i 
been preparing a proper vessel and propelling apparatus, and Taylor 
had been ing the agent required to work it, Symi had 
been effecting those modifications in the structure of the engine which 
were necessary to adapt it to the purpose required. There is some 
reason, indeed, to believe that he conceived the possibility of this 
L mish application of the steam-engine; for, in a letter to Taylor, 
August 20, 1787, apparently in answer to one just received from 

him, says, “ I must make some remarks upon your summer's 


lg, Rr nt Rea hey 1g and, at the house of his 
ilbert Meason, Esq., saw his steam-carriage model. The 
result of this was, Symington 

Miller and Taylor, constructed a small engine in the following summer ; 


the castings being, by a curious coincidence, executed by a founder of 
the name of Wee Tn October, 1788, this engine was placed ina 
small double ‘boat belonging to Mr. Miller, and was tried upon 
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it might have been conceived that their success was in some degree 
attributable blame smie circumstances. The Levees of a ages 
experiment, in the following year, is sufficient to dispel any such idea, 
In 1789 an engine of about bettie kines power (or twelve times the 
of the ) was made by the same parties at the Carron works, 

is was mounted in the large double boat which had formerly run 
against the Custom-house boat at Leith. Except in size, this machine 
resembled the former model. The engine was commenced in June, 
and near the end of the year the boat was tried on the Forth and 
Clyde canal. Some difficulty was at first experienced from the weak- 
ness of the fastenings by which the float-boards or paddles were secured 
widle whole; several of them being broken off by 

the severe strain to which the power of the engine subjected them. 
When this matter was set right, the boat performed very successfully, 
and attained a speed of nearly seven miles an hour, “ being,” observes 
Mr. mire “about as great a velocity as it has been found possible to 


for permanent use as a steam-boat, or for taking out to sea, was, soon 
after the trial, dismantled. Mr. Miller, having thoroughly proved the 
practicability of the plan, and having ed a large fortune in his 
enlightened pursuits for the public benefit, relinquished the experi- 
ment, leaying its great results to be worked out by others. That he 
should have done so need excite no surprise, when the difficulties 
attending the introduction of any great improvement are considered. 
‘Taylor was still less likely to take any effective steps for carrying out 
the grand design; and Symington was not in a situation to do so 
immediately, although he was subsequently engaged in further experi- 
ments to that end. ‘. Fee 
Satisfactory as was result of these experiments, they did not 
immediately lead to the introduction of steam navigation ; and several 
other unsuccessful schemes were tried in this country and in North 
America before it was effected. One of these, that of Rumsey, the 
American, on the Thames, has been already mentioned. About this 
time Dr. Cartwright contrived a steam- , and explained it to 
Fulton. Some authorities state that it was to Fulton in 1793, 


— later, stating that he was introduced to Dr, Cartwright during 
journey to Paris in 1796. However this might be, it is evident 


much power that, with a powerful engine, he could not obtain a speed 
greater than three miles an hour. 

In 1801 Symington commenced a satisfactory series of costly experi- 
ments on steam-navigation, under the auspices of Thomas, Lord 
Dundas. The object immediately aimed at was the introduction of 
tug-boats instead of horses for drawing boats upon canals. After 
several mingp trials, one of the boats built on this occasion by Syming- 
ton drew, on the Forth and Clyde canal, in 1802, two loaded vessels, 
each of seventy tons burden. On this occasion, it travelled with its 
load a distance of nineteen miles and a half in six hours, although 
there was so strong a wind ahead that no other vessels in the canal 
could move to windward on that day. The tug-boat was a rather 
short vessel, with a single paddle-wheel in the stern, impelled by a 
horizontal eylinder of twenty-two inches diameter and four feet stroke, 
working, by means of a connecting-rod, a crank on the axle of the 
wheel. The rudder was double, on account of the situation of the 
paddle-wheel, and it was moved by means of a tiller-wheel in the fore- 
part of the vessel. A complete model of this boat may be seen at,the 
Royal Institution of London. In this case, though the object aimed 
at was fully attained, as far as the successful performance of the vessel 
could go, the project was abandoned, in consequence of an idea that 
the undulation of the water occasioned by the paddle-wheel would 
prove injurious to the banks of the canal. The speed attained by this 
steam-boat, when unimpeded by having any others ‘to draw after it, 
was about six miles an hour. : 

While the experiments of Symington, under the patronage of Lord 
Dundas, did not lead to the immediate adoption of steam-vessels for 
commercial purposes, they Seger’) tended, in no unimportant degree, 
to their subsequent profitable establishment in America and in Great 
Britain ; for among the numerous individuals who inspected his vessel 
with interest were Fulton and Bell. It has been shown that projects 
for steam-navigation had been early tried in North America. After 
Fitch and Rumsey, the chancellor Livingstone attempted to build a 
steam-boat on the Hudson, and in 1797 he applied to the legislature of 
the State of New York for an exclusive privilege to navigate boats by 
a steam-engine. Though his project excited much ridicule, the privi- 
lege was granted in 1798, on condition that he should, within twelve 
months, produce a steam-vessel which should attain a mean rate of at 
least four miles an hour. This he failed to accomplish, although 
assisted, it is said, by an Englishman named Nesbit, and by Brunel 
(afterwards Sir Mark Isambard), and consequently his grant or patent 
became void. Shortly afterwards, being at Paris as minister from the 
United States, Livingstone conversed with Fulton on the subject of 
steam-boats, and intimated his intention of resuming the experiments 
on his return to America. Fulton then commenced, under his auspices, 
the experiments which have already been alluded to as exciting the 
jealousy of M. des Blancs. After several preliminary measures, Fulton 
and Livingstone completed a boat of considerable size on the Seine, 
near Paris, early in 1803; but, being too weak to bear the weight of 
her machinery, she broke through the middle, in a gale of wind during 
the night, and went to the bottom. To this discouraging accident Mr. 
Russell attributes one of the excellences of American steam-boats,— 
the strong and light framing by which, though slender, they are ena- 
bled to bear the weight and strain of their large and powerful engines. 
To remedy this evil, Fulton had to reconstruct his vessel almost en- 
tirely, after her shattered hull was raised; and in August of the same 
year he had her in trying order. This vessel was 66 feet long and 
8 feet wide. The speed attained was much less than had been hoped 
for; but the result of the experiment was such as to induce the pro- 
jectors to order an engine of Boulton and Watt, with a view to further 
trial in America. As the boat into which it was fitted was the first 
regularly established steam-packet, it will be noticed in the second part 
of our history ; but before closing this narrative, allusion must be made 
to the proceedings of Fulton between the time of these French experi- 
ments and his successful enterprise on his return to America. During 
this time he visited England [Fuuron, Roser, Broa. Dry.]; and while 
here he introduced himself to Symington, from whom he asked for 

icular information respecting what he had done in steam navigation. 

This brief sketch of what may be termed the preliminary history of 
steam navigation would be incomplete without referring to the ex- 
periments of John Stevens, of Hoboken, near New York, who was 
connected with some of the earliest attempts of Livingstone to introduce 
steam navigation in North America. Stuart describes a small boat, 
twenty-five feet long and five feet wide, impelled by a steam-engine 
with a cylinder of four inches and a half diameter and nine inches 
stroke, which he tried about New York in 1804. The boiler, which 
was only two feet long, fifteen inches wide, and twelve inches high, 
consisted of eighty-one tubes of an inch diameter. This little steam- 
boat had a velocity of about four miles an hour, or, for short distances, 
of seven or eight miles an hour, The subsequent vessels of Stevens 
and his son will be hereafter noticed. About the same time (1804) 
Oliver Evans, another early American improver of the steam-engine, 
constructed his “ Orukter Amphibolos,” or machine for removing mud 
from docks, with a steam-engine to work the buckets. It was a heavy 
flat-bottomed boat, thirty feet long and twelve feet broad. Evans 
constructed this machine at a distance of a mile and a half from the 
river Schuylkill, and exhibited his long-cherished project of steam 
locomotion on land by mounting it upon wheels, and connecting them 
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with the engine. After doing this to his satisfaction, he fitted a paddle- 
wheel to the stern of the machine, and launched it on the river as a 
steam-boat. 

It is not pretended that the above account embraces every project 
brought forward, or even every public experiment made respecting 
navigation by steam; but enough has been related to show that its 
possibility had long been contemplated, and that many persons had 
expended much time and money upon the scheme before a single 
steam-vessel was regularly used for the purposes of commerce. Upon 
the subsequent history of steam navigation it is needless to treat at 
length ; but, before entering upon it, it may be well to state that 
besides the claims to the invention which have been put forth on 
behalf of Spain, France, England, Scotland, and North America, one 
has been made also for an Italian, named Serapino Serrati, in a work 
published at Florence in 1796, in which it is stated that Watt was 
the inventor of steam-engines in England in 1787, but that Serrati was 
“ the first not only to conceive the design of a steam-boat, but also to 
plage one upon the river Arno, which runs through Florence.” Russell 
observes that he had no means of testing the truth of this statement, 
but that, like the narrative of Garay’s performances, it may be either 
true or untrue, without affecting the history of steam navigation ; since 
it is evident that our present system of steam navigation has been in 
no way derived from either of them. 

Fulton returned to America towards the latter end of 1806, and 
immediately commenced building a steam-boat for use upon the 
Hudson. is vessel was built at New York, and was launched in the 
spring of 1807. The engines were mounted and ready for trial by 
August in that year, engineers from Soho assisting in the work, and 
when the vessel started, its success became immediately evident. Soon 
afterwards this vessel, which was named, from Livingstone’s residence, 
the Clermont, made her first vo; from New York to Albany, a 
distance of about a hundred and forty-five miles; which distance it 
accomplished at the rate of about five miles an hour. 

Satisfactory as was the performance of the Clermont, she did not, 
owing to the want of proper proportion in the wheels, attain so great a 
speed as Fulton had antici The dimensions of the boat, which 
was of a hundred and sixty tons burden, were one hundred and thirty- 
three feet long, eighteen feet wide, and seven feet deep. Her cylinder 
was two feet in diameter, and four feet stroke ; and the paddle-wheels 
were fifteen feet in diameter, with paddles four feet long, dipping two 
feet into the water. These dimensions probably refer to the improved 

dle-wheels used subsequent to the Est trial, those originally used 
ing too large, so that they dipped too deep into the water. The 
wheels were of cast iron, and had no support beyond the sides of the 
vessel, and consequently some trouble was occasioned by their frequent 
breakage in the earlier experiments. Until his death in 1815, Fulton 
continued to be actively e in building steam-yessels, and at that 
time he had just completed a large steam-frigate or floating battery, 
supported by two hulls, with a canal fifteen feet wide between them, 
in which the paddle-wheel worked. So highly were his services then 
appreciated, that besides other testimonies of respect, the members 
of both houses of the legislature wore mourning on occasion of his 
death. 

Fulton had scarcely launched the Clermont before a rival appeared. 
Stevens of Hoboken a steam-vessel ready for trial in a few weeks 
after the triumph of Fulton ; but, as the monopoly of steam navigation 
in the state of New York was secured to Livitigstone and Fulton, he 
could not employ it upon the Hudson, and therefore took it round by 
sea to the Delaware, thus becoming the first (unless the case of Garay 
be an exception) to venture to sea with a steam-vessel, To R. L. 
Stevens, his son, American steam{navigation is deeply indebted. He, 
according to Russell, improved the form of the American vessels, by 
substituting a very long proportion, with a fine entrance and a fine run, 
for the full round bows and sterns of Fulton, whose boats were, he 
says, mere boxes sharpened a little at both ends, which drove before 
them so large a heap of water as to re their speed to about nine 
miles an hour. The improvements of Stevens enabled him to rise to 
a velocity of thirteen miles an hour. He also adopted a different form 
of engine from that of Fulton; using cylinders of very long stroke, 
with upright guides, instead of the old parallel motion, to ensure the 
accurate motion of the piston, and placing the working beam above 
the deck, instead of altering the usual arrangement of the machinery 
in order to keep it below the deck, as done in Fulton's engines and in 
those commonly used in British steam-vessels, 

The practical application of steam nerigetion ip Scotland, though 
attributable to the experiments of Miller, Taylor, and Symington, at 
least ax distinctly as were the operations of Fulton upon the rivers of 
North America, did not take place till a few years later, and was in 
some ee suggested by them, Henry Bell, of Helensburgh, on the 
Clyde, the individual by whom steam-vessels were first used in Britain 
for commercial purposes, had been well acquainted with the experi- 
ments at Dalswinton and on the Forth and Clyde canal; but he did 
not take any step for carrying into effect the important scheme of 
which they proved the practicability, until the proceedings of Fulton, 
combined with peculiar circumstances in his own case, urged him to 
do so, Owing to some misapprehension, it was erroneously stated in 
the Fifth Report of the Select Committee on the Roads from London to 
Holyhead, in 1822, that Bell went over to America to assist Fulton in 


what of this character, by becoming 
the nature of an hotel, or bath-ho at 
oe Sie Be cine nea hone ind aie tas of visitors 
chi i and reby to induce a ux 
from yi, ous, Bell endeavoured to introduce passage-boats 
by paddles impelled by manual labour ; but his be ea oe failed, 
and at he determined upon the construction of a sonny hoe to 
meet the difficulty. Thus his connection with an undertasnd 
different character, combined with his correspondence with ton, ted 
him to take this important step. r 
The Comet, built by Bell in 1811, was a vessel of forty feet keel, 


The second steam-boat 


ing to her owner's account, made the voyage in something less than 
four hours, with a hundred passengers on gay eye 
cirosmisseno. 18 fhe Haus ie eee ane ¢ lished, i 
would appear from the same statement, a di of eighty-one miles 
in one day, at an average rate of nine miles an hour. is 
Stuart relates that while Bell was 


history of inyentions, 
he named the Comet. In 1813, it is added, Dawson established a 
perk gunip on the Thames, to ply between Gravesend and London, 
* which was the first that did so for public senomnsponetinty § 

Mr. Lawrence of Bristol, who introduced a steam-boat on the Sey 
soon after the successful operations on the Clyde, had her carried to 
London (throwsh the canals) to ply on the ‘Thames; but from 
opposition of the watermen to the innovation, he was in the enc 
obliged to take her to her first station.” this be correct, 
Gravesend steam-packet alluded to must have been overlooked by the 
author of a pamphlet published in 1831, entitled ‘An Account of the 
Origin of Steam-boats in Spain, Great Britain, and America; and of 
their Introduction and Employment upon the river Thames, between 
London and Gravesend, to the present time;’ by R. P. Cruden, 
Milton Geren who re the statement in his ‘ History o' 
Gravesend, (8vo, 1843,) p. 484. He states that the first steam-boat 
which plied between London and Gravesend was the of 

tons burden, and fourteen-horse power ; @ vessel origi 
Clyde, where she was built in 1813, by Messrs. Woo 
the builders of the Comet and the Elizabeth. She was, it is 
brought to London from Leith early in 1815, Ae 

January in that year she began to ply beywons London and Gravesend. 
This vessel was, in the following year, removed to France, for use upon 


the Seine; and that tried on the es by Bere was, reagp 
Stuart, sent to Spain, to ply between Seville and San Lucar, 

states Hat the Richmond packet had been employed between Lond 
and Richmond in the year preceding the use of the gery on th 
Gravesend station, 
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(1818). He states that there were then eighteen steam-boats on the 
Clyde, two at Dundee, two on the Tay, two on the Trent, two on the 
Tyne, four on the Humber, two on the , three on the Yare, one 
on the Avon, one on the Severn, one on the ell, six on the Forth, 
two at Cork, and two intended to navigate from Dublin to Holyhead. 
In another part of his work he describes the vessels then in use upon 
the Thames, of which two, the Richmond and the London, plied 
between London, Richmond, and Twickenham, and had, he says, 
carried not less than ten thousand within the last four 
months. These were built under Dodd’s superintendence; and in 
consequence of having to pass under the bridges, they were made with 
an apparatus of his invention for lowering their chimneys. These 
boats experienced much but ineffectual opposition from the watermen, 
who deemed their use an invasion of their rights, A third steam- 
designed by Dodd, the Sons of Commerce, intended for use 

y London and Grayesend, had been used, in the season pre- 
ceding the publication of his work, between London and , and 
performed the j , about eighty-eight miles, in seven 

te i er speed, when i wind or 
les 


an hour. er 


wer, which had 
ing, and also on the ine; the Eagle, 
wheel in the centre, and failed, he argues, 
for want of room for the escape.of the water agitated by the paddles; 
the Hope, a small vessel, built at Bristol, which proved a failure; and 
the Tha which Dodd himself brought from the Clyde. 
In addition to British steam-vessels, it is stated that there were at that 
i steam luggage-vessels used in Russia, the 
Spain; and that one was building in the 
proximate statement of the 
nited States about the same 


give an a 


to 
vigation in the 


ten steam-vessels running 
between New York and Albany, two between New York and the State 
of Connecticut, and four or five to New Jersey, besides the ferry-boats, 
of which there were four. On the river Delaware there were also a 
number of boats, which plied between Philadelphia and Trenton in 
New Jersey; and others between Philadelphia and Neweastle, and 
Philadelphia and Wilmington, besides ferry-boats. Some of these were 
worked with high-pressure engines. There were steam-boats from 
Baltimore to Norfolk, which passed a part of the Ch 
miles in width; and steam-vessels had been to New 
still more exposed; and also up to New Hertford. The Powhatan 
steam-boat, which was built at New York, had been exposed to a 
of wind in the open ocean for three days, after which it 
arrived at Norfolk, and thence proceeded up the James river to 
Richmond. The largest steam-boats in America were those upon the 

ippi, plying between New Orleansand Natchez. These vessels, 
the Etna and Vesuvius, were of four hundred and fifty tons burden, 
and carried two hundred and ty tons of merchandise, one hundred 
passengers, and seven hundred of cotton. 

The introduction of steam-packets upon the sea was a favourite 
object with Dodd. He observes cular! ad pegh setae of 
their opecemnaplngs renga aE gg , as the ee a 

sailing packets was to great were sometimes, it 
is stated, more than seventy-six hours snk, although the distance is 
only about sixty miles. The use of steam-vessels upon this station was 
advocated for several years before they were regularly established ; and 
Dodd had, on behalf of himself and friends, offered to bear the expense 
of two packets for making the ent, provided the Post-office 
au would guarantee to him the conveyance of the mails, in the 
eyent of those packets fully answering his representations; but his 
offer was not accepted. It has been shown that some sea-voyages 
were performed at an earlier date; but the regular establishment of 
ocean steam navieetien a ie considered to have commenced with 
the Rob Roy,a steamer of about thirty-horse power and ninety tons 

which commenced running in 1818 between Greenock and 

This vessel was established by Mr. David Napier, who, sa: 
from the year 1818 until about 1830, * effected more for the 
improvement of steam rote iy oe than any other man.” This gentle- 

must be distinguished from his cousin, Mr, Robert Napier, of 
Glasgow, who is also honourably known for improvements of the same 
kind, but of a somewhat later date. David Napier, according to the 
interesting narrative of the progress of steam navigation in Britain, 
given by the above-mentioned writer, ventured at once to estnblish 


< 


communication between Britain and the neighbouring countries, 
Ireland and France, by steam-yessels plying even during the stormy 
months of winter; though, previous to the time of his improvements, 
such yessels had scarcely ever ventured to sea except in fine weather. 
In order to make himself well acquainted with the difficulties to be 
overcome, he took passage, at the worst season of the year, in one of 
the sailing vessels which pel plied between Glasgow and Belfast, 
and which often required a week to perform a journey that is now 
done by steam in nine hours. After anxiously watching the effect of 
the waves when the vessel was tossed in a storm, and satisfying him- 
self that there was no insuperable difficulty, he retired contentedly to 
his cabin, leaving the captain of the vessel puzzled at his strange 
curiosity respecting the effect of rough weather. He subsequently 
tried experiments upon the best form of hull for getting through the 
water with the minimum of resistance ; and these led him to adopt a 
fine wedge-like form for the fore part of ‘his vessels, instead of the 
round full bow common in those propelled by sails. The Rob Roy, 
after plying two winters between Gredtock and Belfast, was removed. 
from that line, and employed as a et between Dover and Calais. 
In 1819 he employed the Messrs, Wood to build the Talbot, of one 
hundred and fifty tons burden, into which he fitted two engines of 
thirty horse-power each. This fine vessel, the most perfect of her 
time in all respects, plied between Holyhead and Dublin; and she was 
soon followed, on the same line, by another excellent vessel, called the 
ivanhoe. In 1821 steam-vessels were regularly established as Post- 
office packets on that important station, They had been intended 
merely as auxiliaries to the sailing ets; but they soon su ed 
them. From the evidence given before the Holyhead Roads Com- 
mittee in 1822, it appears that even then the intercourse between the 
two countries had been reduced almost to a certainty ; and that while, 
in the year preceding their adoption, exactly one hundred mails 
arrived in London after the proper time, there were only twenty-two 
cases of delay in the first nine months in which the steam-packets 
were used, although this period included the winter season, during the 
early part of which the weather was worse than had been known for 
more than sixty years. The vessels which were built expressly for 
this purpose were strengthened by diagonal framing upon the plan of 
Sir Robert Seppings. 

The next important stage may be considered to be the build- 
ing of the “Great Western” at Bristol in 1838, a larger steamer 
than had then been built, being nearly 1400 tons; and the first 
voyage by steam across the Atlantic, The tonnage of the Great 
Western equalled that of the largest sailing merchant ships which 
had been constructed. She left Bristol, and entered New York 
harbour under full steam in the extraordinary period of 15 days 
having on board a surplus of 148 tons of coal. It is true that the 
Sirius, a smaller steamer, had sailed from Cork before the Great 
Western left England, and had arrived in safety at New York just 
before her ; but there was this important difference between the two 
voyages, the Sirius had performed much of her’s under sail, while the 
Great Western had been propelled by steam only. Fourteen years 
later a large ship called the Australian, built of iron, on the Glyde, 
left Plymouth (June, 1852) for Melbourrie touching for coals at 
St. Vincent, St. Helena, and the Cape, and anchored safely in King 
George’s Sound, West Australia, on the 20th of August, having per- 
formed the whole voyage (including stoppages for fuel) in 76 ae 
This was the first attempt to reach Australia by steam, and led to the 
construction of such ships as the celebrated Great Britain, the ill-fated 
Royal Charter, and other ships of greater perfection. In 1854 a fine 
American paddle-wheel ship called the Golden Age, astonished our 
Liverpool builders by her size and power, and gave the first intima- 
tion of a change in form likely to become general among ocean 
steamers. The total omission of a bowsprit and the relief afforded the 
fore part of the ship as a floating bulk, by the removal of the usual 
dead wood about the stem and figure-head, was a change deduced from 
scientific experiments becoming more and more followed. The Golden 
Age had taken in at one port alone (Tahiti) about 1200 tons of coal, 
an enormous weight, double that which only 15 years before had been 
the supply to the Great Western. 

Another memorable event in the history of ocean steamers was the 
voyage of the steam screw ship Argo of 1850 tons, which at about this 
rhe tet pla the globe, the duration of her actual voyage 


i pg ae days. 

Since this period a number of gigantic ocean steamers have been 
built for the companies known as the Peninsular and Oriental, the 
Royal West India Mail, the Cunard, &c, Among these the Persia 
is the largest of paddle steamers. Some of these magnificent vessels 
are of about 3500 tons, fitted with exquisite taste and elegance. But 
the greatest triumph of naval architecture, and the most extraordinary 
as to size is the Great Eastern, built in 1859 Mr. John Scott 
Russell, on the Thames, from the joint d s of himself and Mr. 
Brunel. This stupendous vessel of the length of 691 feet on 
deck, has a breadth of 83 feet and depth of 58 feet, having a gross 
registered tonnage of 18,914, but said to be capable of carrying 
25,000 tons ! 

The most prominent events in the history of steam vessels hens 
been thus mentioned,a few general remarks will show the actual 
position of this important subject. 
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It is, perhaps, impossible to over-estimate the importance of the 
buil ing of the Great Eastern as an iron bee, In many prior cases 
steam ships had been saved from foundering by being built of metal. 
The writer was one who encountered the fearful hurricane of 
September, 1853, in the Ravensbourne in the North Sea, and } 

revious experience of the sea enables him to declare that no vesse 
Built of wood could have braved such a pone eye 1 with 
impunity, inasmuch as the twistings of the frame of the ship must 
have started trenails and butt ends, to her inevitable destruction, and 
that of the crew and The well-known instance of the 
Great Britain lying a whole winter on shore in Dundrum Bay, exposed 
to the action of heavy surf, is a powerful fact in favour of iron ships, 
The introduction of water-tight compartments has also long been a 
consideration, Steam vessels are greatly strengthened by means of these 
water-tight bulkheads or transverse partitions in the hull, the general 
adoption of which, more than any other improvement, increases the 
safety of steam navigation. In a vessel of the ordinary construction a 
poorc f local injury from striking upon a rock, from collision, or from 
any other cause, may occasion the sinking of the vessel, the 
water has free access to every part of it, Fire also, wherever it may 
commence, is pretty sure to spread through the whole length of the 
boat. The adoption of water-tight bulkheads, to confine the effect of 
an accident to the particular division of the vessel in which it origin- 
ates, was suggested by Dodd as early as 1818. He mentions them in 
p. 220 of the treatise which has been alluded to in the former part of 
this article, proposing to use them between the engine-room and the 
cabins; and he states that he intended to introduce them in two boats 
which he was then building. Whether he did so or not we are 
unaware; but the adoption of this excellent precautionary apparatus 
appears to be due to Mr. C. W. Williams, managing director of the 
City of Dublin Steam-packet Company. A minute description of his 
bulkheads, and a very satisfactory statement respecting their import- 
ance and their efficiency, are given in a communication from that 
gentleman to the commissioners on steam-vessel accidents in 1839, 
which is printed in the appendix to their report. He therein states 
that he first applied water-tight bulkheads in an iron steamer called the 
Garryowen. 

Many instances have occurred in which water-tight bulkheads have 
saved life and cargo. One of our largest paddle-steamers, in March, 
1857, struck an iceberg with such force as would have shivered a 
wooden ship (or a badly-built iron one) to pieces. As it was, extensive 
damage to the forefoot caused the fore compartment to fill with water, 


but so little did it affect the duration of the voyage, that the passengers | 


were unconscious of anything beyond the concussion; nor did the 
public ever hear of anything beyond the shock, as the next voyage was 
performed without thorough repair, 

In the Great Eastern, not only has a complete system of water-tight 
compartments been carefully arranged, but these have been longi- 
tudinally crossed by fore and aft bulkheads, in such a manner that 
neither one nor several perforations of her bottom would disable her ; 
and, in addition to these, a considerable portion of her is doubled, so 
that the outer skin of plates, separated above two feet from a complete 
water-tight inner bottom, renders her not only the safest, but the 
strongest ship in the world; for these two separate bottoms are so 
broad and stayed, and the whole is so contrived, that her construction 
may be called cellular or tubular. She is a ship perfect on Scott 
Russell’s wave principle [Sure-Bumprye], with 120 feet of midship 
portion, the sides of which are perfectly parallel; but with this portion 
the lines of the stem and stern portions are so gracefully combined, 
that her form is considered the finest afloat, : 

It is difficult for non-nautical persons to comprehend the disparity 
in size between the Great Eastern and all that preceded her, The best 
mode of comparing her with other vessels is by noticing that the 
engine-room of the Great Eastern occupies a cubic space of 5571 tons. 
Now the Duke of Wellington, a splendid three-decker of 121 guns, is 
of 3826 tons. Not only, therefore, would the Duke of Wellington 
stow in the Great Eastern’s engine-room, but there would remain 
surplus space for one of our fine frigates—say, for example, the Orestes, 
of 1702 tons; and as regards the remaini rtions of the Great 
Eastern, she could, in addition, stow oy H.M. ships Waterloo, of 
91 guns, with the Goliath, Meanee, and Vanguard, each of 80 guns. 
And again, whereas the Great Western carried 600 tons of coal as fuel, 
the Himalaya 1000 tons, and the Golden a 1200 tons, the Great 
Eastern carries 10,000 tons, And further, the Great Eastern, when 
immersed to her load water-line, requires 95 tons to be placed on 
board her in order to sink her one inch deeper, while the Persia 

uires only 30. 

e great inducement for increasing the size of merchant ships, and 
which has led in particular to the building of the Great Eastern, is 
that large ships alone are fit to carry fuel sufficient for a long voyage; 
coal, when supplied at intermediate stations, being often much aug- 
mented, perhaps quadrupled, in cost. 

It would be impossible to enter upon the merits of various kinds of 
vessels now afloat, a large number of which are either fitted with screw 
or paddle; but we remark that so many vessels are now built of iron, 
that it has been thought necessary by the committee of Lloyd's, 
London, to keep a check upon their mode of construction, in defence 
of the interests of underwriters, by instituting a few regulations as to 


» , &c., of iron vessels, As an 
example, no vessel of 3000 tons, t of iron, is allowed to have a keel, 


to the thick- 
ness of plates: as an example, gin. plates must have rivets at least jin. 
in diameter ; } in. plates, }in.; Jin. Lge yin.; ood oe 

e building of an iron 


their surveyor, Mr. Mumford, to discover a system of joini 
plates by iron rivets which, while they secured sufficient * 
no tendency to facilitate the rusting of the plates at the rivet-holes. 


rf the foot breadth of the plate. Riveted plates were afterwards sub- 
jected to strain in the same machine, each rivet being gin. in diameter, 
and the rivets were in each plate varied in position. We give the 
following as illustrations; the whole particulars of each Pe tg 
may be seen in the surveyor's report, as published in in the 
‘ Transactions of the Institute of Naval Architects in 1860’ :— 

Rivets 4 diameters apart. Solid plate. 


Lapped plates. Plate § in, thick by 124 in, 
Plate 134 in. broad. d. 

Breaking strain 42 tons. B strain 67 tons. 
Strain upon 12 inches 38°03 tons, 


Strain upon 12 inches 65°63 
Fracture through the counter- tons. 


sunk plate, 


If we now turn our attention to the arsenals of war, a like series of 
novelties in steam-shipping awaits us. The question of iron armour for 
our wooden ships, for ships built entirely of iron, or built partly of iron 
and partly of wood, or of iron entirely with heavy plate armour, is at 
the present time an exciting subject. Under the presidency of Sir 
John Pakington, the Institute of Naval Architects has already con- 
sidered the question of a screw fleet with advantage; and the veteran 
Sir Howard Douglas, the Earl of Hardwicke, Captain E. P. Halsted, 
R.N., &c., have entered upon the subject with characteristic earnest- 
ness and professional zeal. To detail what is doing would be premature. 
It is enough to say that the question of steam-ships~was never one of 
such importanve to England as at present. Much might be said of an 
experiment made by France in building ships coated with heavy 
armour, like La Gloire. Opinions, however, are so conflicting on 
various vital points, that, having touched briefly the prominent out- 
lines of the subject, it must be left to the future to chronicle the 
ultimate success or failure of such experiments. 

Two noble vessels called the Warrior and the Black Prince, the one 
built recently on the Thames and the. other on the Clyde, will bear 
prominently on the future history of steam shipping; a brief descrip- 
tion, therefore, of one of these will be interesting, and the more so as 
a sort of ri between ourselves and another country exists in the 

uestion which is likely to influence very materially the nature of 
uture naval \s 

And first, the La Gloire is a fine wooden ship, having a length of 
252 feet between perpendiculars, her breadth is 55 feet, and her draft 
at load water 27} feet. She is steamer-rigged, having square sails onl. 
on her foremast. Her masts are small in proportion to the hull. It 
supposed that her ports are only between 6 and 7 feet above water, in 
consequence of the weight of her defensive armour, which consists of 
plates of iron about 2 feet wide and 44 inches thick, extending from 
stem to stern, and for a distance below water. Her horse-power is 
supposed to be 900, with screw propeller, and she carries 34 -four 

unders on her main deck, and 2 screened cog ls} ee forward. 

er ports are 11} feet apart on the main deck, a idable 
ment as compared with every ship that her. But the 
Warrior is a greatly superior ship, as the wing dimensions will 
rs (The Black Prince is of the same size and build as the 


Warrior.) 
The length of the Warrior is 380 feet between Pigs a? 420 
feet over all), she is of 58 feet beam, 414 feet depth from to 
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keel, 26 feet draft of water, and of the burden of 6177 tons, builder's 
measurement ; fitted with screw peeeeae and her engines, constructed 


armour extends to 9 feet below load-water line ; and at the extremities 
armour-clad portion of her hull, and quite across the ends of 
the ship at those parts, iron bulkheads of strength equal to the sides 
(being 44-inch iron backed with 18 inches teak timber), protect the 
engines and stores from shots which might enter obliquely from head 
stern; and this inclosed space is divided into six water-tight com- 
oe her two boilers being each in its own separate compartment. 

addition to this arrangement inner bulkheads extend all round the 
protected portion of her hull, leaving passages 34 feet wide, so that 
any leakage-water runs below, and this affords room for necessary 
repairs if injured by shot, &e. Her main deck-ports are about 8} feet 
above water (at load-water line), while her ports are 15} feet apart; 


thus ample space is given for working her guns, and for warlike opera- 
tions. ith the spars and sails of an 80-gun ship (but barque-rigged, 


Paring Be crossjack yard), she will be immensely superior to the 

The Warrior is nominally a 36-gun ship, but her guns will be 
68-pounders, 95 cwt., for the main deck, 10 Armstrong (70-pounders) 
alg -deck, and 2 pivot 100-pounders (Armstrong's also), one at 


Ports much higher out of the water, therefore could fight her guns 
in bad weather when La Gloire could not open her ports. 

Her deck is much higher, to facilitate boarding. 

Has more space in which to work her guns. 

een See 

dependent on steam, being nearly rigged. 

speed, perhaps of 2 knots per hour, 

armament. 


very superior accommodation for her officers and 
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important detail it should be remarked, that early in 
Pakington, the first lord of the Admiralty, invited the 
from the coast to furnish for a mail-clad ship, and 
nate gee = bev Yates Mr. Scott a 
. Mr. Laird, Mr. Napier, &c.), the design adopted origina’ 
the office of the late Controller of the Navy, Sir Baldwin 
being conceived by the Admiralty that such design con- 
average proportions and qualifications of all the others. 
suggestion as to steam vessels for war purposes is that by 
Cowper P. Coles, R.N., who proposes certain sloping armour 
hich shall throw off shot; and also certain modifications in 
of arming men-of-war so constructed; inasmuch as he would 
one row of guns on the upper deck placed amidships, but 
revolving, powerfully screened platforms. His highly in- 
proposals have already been well received by the Admiralty, 
iments on a ship fitted by him have been ordered, and will 
commence in a few months. 

The ing outline sketches, drawn accurately to a scale of 240 
feet to an inch, give an illustration of the relative sizes of the Great 
Eastern, H.M.S. Duke of Wellington, the Warrior, La Gloire, the 
Himalaya, and the Great Britain, some of the most noted among 
English steam vessels, 
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Great Eastern, 691 feet. 


La Gloire, 258 feet, 
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Himalaya, 341 feet. 


STEARANILIDE. [Sreante Acrp.] 

STEARENE. [Sreartc Acrp.]} 

STEARIC A (HO,C,,H,,0,). This body is the most abundant 
ARTS AND 801. DIV. VOL. VII. 


Great Britain, 300 feet. 


constituent in all solid fatty substances. It exists in them in the state 
of stearin, a combination of stearic acid with the basis of GLYCERIN, 
The relation which stearic acid bears to other acids, that occur in fats 
and oils, will be readily seen on perusing the article on Farry Actps. 
Stearic acid is sometimes met with under the name of bassie acid and 
stearophanic acid, and under the name of anamirtic acid occurs in the 
seeds of the anamirta cocculus. 

Stearin is, for experimental purposes, generally prepared from 
mutton suet, from a solution of which in hot ether it crystallises out 
on cooling. By one or two recrystallisations it is perfectly purified. 
Thus prepared stearin forms white, pearly, lamellar crystals. When 
quite dry it is not greasy to the touch, and is easily pulverised. It 
melts when heated to about 144° Fahr., but by repeated fusions 
becomes more and more dense, and requires an increased temperature 
for its liquefaction. It is almost insoluble in water and only slightly 
soluble in cold alcohol or ether. Seven times its weight of boiling 
alcohol dissolves it, and less than that proportion of hot ether. By 
destructive distillation it yields oily and fatty hydrocarbons, acetic 
acid, acrolein, margaric acid, &c. By heating stearic acid with glycerin 
in closed vessels Berthelot succeeded in obtaining artificial stearins, 
containing one, two, or three equivalents of stearic acid united with 
glycerin. [Grycrrty, Monostearin, Distearin, Tristearin.] 

Stearic acid. Obtained by saponifying stearin with caustic potash 
and then precipitating the stearic acid by the addition of hydrochloric 
or tartaric acid to the hot solution of the resulting soap. It may be 
purified by washing with cold alcohol and recrystallising from hot 
alcohol, It mayalso be prepared directly from mutton suet by saponi- 
fying and decomposing, as above described, and then submitting the 
product to strong pressure ; the greater part of the oleic acid is in this 
way removed and the remaining stearic acid obtained pure after one or 
two c isations. x 

Stearic acid ecrystallises from hot ether in transparent, colourless, 
lamelle, having a rhombic outline. Its fusing point is about 167° 
Fahr. ; but it does not resolidify until the temperature falls to about 
158° Fahr. At higher temperatures it volatilises and is partially 
decomposed. It is insoluble in water; its alcoholic solution reddens 
litmus paper ; it slightly decomposes carbonates in the cold, but com- 
pletely on being boiled with them. A mixture of stearic and palmitic 
acids melts at a lower temperature than either acid does alone; thirty 
parts of the former and seventy of the latter fuse nearly 20 degrees lower 
than the mean melting point of the two. Chlorine and bromine act 
upon stearic acid, especially when they are heated together, giving rise 
to chlor- and brom- derivatives. Such a body is chlorostearic acid, 
containing HO,C,,H,,Cl,,0,. Nitric acid oxidises it to suberic, pimelic, 
adipic, succinic, capric, cenanthylic, caproic, and other acids. Anhydrous 
phosphoric acid removes from stearic acid the elements of two 
equivalents of water, and leaves a brittle, obscurely-crystalline mass, 
having the’ composition (C,,H,,0,). Perchloride of phosphorus also 
acts ,energetically upon stearic acid. A mixture of stearic acid and 
glycerin maintained at 212° Fahr., and saturated with hydrochloric 
Vicars rise to stearochlorhydrin, a crystalline body containing 
( 42°" 4h a). 

Stearone, slearene, or margarone, is a colourless crystalline body 
aaa on distilling stearic acid with one fourth its weight of quick 
ime. It fuses at 171° Fahr. and resolidifies at 162° Fahr. Its com- 
position has not been satisfactorily determined. 

Stearates are combinations of stearic acid with bases, and the com- 
pounds, like those of the other rarry acrps, are termed soaps. 
Stearates are mostly, fusible and decompose when strongly heated. 
Those of the alkalies are readily formed on heating stearin with the 
alkali, as in the ordinary method of making soap, From the alkaline 
stearates other stearates may be formed by precipitation with a soluble 
salt of the metal whose stearate is required; the alkaline stearates 
being soluble in water, the stearates of other metallic oxides being 
insoluble. The neutral stearate of potash contains (KO,C,,H,,0;) the 
acid stearate (KO,HO,2C,,H,,0,). Stearate of lime (CaO,C,gH,,0,). _ 
Stearate of silver (AgO, C,,H,,0,). Stearate of ethyl (stearic ether)” 
(C,H.0,C gH H,,0,)- ngs : 

or phenyl-stearamide is obtained on. distilling stearic 
acid with excess of aniline. It crystallises in needles and contains 


CopHy,0s 
(x, C,H, ). 
H 


For the economical applications of stearic acid, see CANDLE Manu- 
FACTURE; Soar. 

STEARIN. [Stearic Aor. 

STEAROCHLORHYDRIN. [Sreartc Acm,] 

STEARONE. [Sreartc Acrp.} 

STEAROPHANIC ACID. [Sreanopuaniy.] 

STEAROPHANIN. (C,,H,,0,). Anamirtin. <A fatty matter des- 
eribed by Francis as existing in the Anamirta Cocculus. By saponifica- 
tion it yields anamirtic or stearophanic acid, which Hanitz considers 
to be identical with stearic acid. 

STEAROPTEN. Volatile oils, as obtained by distillation from 
plants, appear, like expressed oils, to consist of two substances; one 
solid, which has received the name of stearopten, and the other liquid, 
called elaopten; the former generally crystallises when the oil has 
been long kept. 

3G 


A ESS ae 
’ i 


slo STEEL. 


STEEL MANUFACTURE. 820 


Campbor is the most remarkable substance of the class of 
It is obtained by distillation with water, and in the 
with camphor-oil, from the gradual oxidation of whi 
be produced. Bees oo O1ts.] 

STEEL. [Merats, Jron.] 

STEEL ENGRAVING, Ug tnnciione:! 

STEEL MANUFACTURE. Iron possesses qualities which render 
it applicable to innumerable p: in the arts; but there are 
aio’ for which it + eo ciently hard, and this defect is 
su converting it into 

ify ioesarss Ie Blgtin te saonchectare of steel has been carried on 
ever since the 8th century, and yet the exact nature of the operation 
is perhaps even now imperfectly understood. It is generally admitted 
that steel is an intimate compound of iron and charcoal; for soft iron 
contains a considerable portion of charcoal, and it is by no means clear 
that the quantity is increased in the process of steel-making. There- 
fore we must conclude that some more intimate union is effected 
between them when iron is converted into steel. On this point we 
shall touch again after describing the manufacture. 

Hitherto Swedish and Russian bar-iron have been almost exclusively 
employed in the manufacture of the best steel ; the preference given to 
this iron is decided, though from what cause it arises has not been 
satisfactorily made out. We may, however, remark that the foreign 
iron used is made from magnetic iron-ore with charcoal; while British 
iron is obtained mostly from the impure carbonate of iron, called 
argillaceous iron-ore, or from hematite, which is a peroxide of iron, 
and both of these are reduced by employing coal, or coke prepared 
from it. 

Bar-Steel is made, with few exceptions, from the Swedish and 
Russian iron, the bars of which are marked hoop1(1), gl (2), and 
double bullet (3) ; these are the ,best kinds, Iron of lower quality is 
also used, such as (4), which is a Russian iron, and ¢ and crown (5), 
d and crown (6), which are Swedish irons. There isa medium quality, 
namely, w and crowns (7), b and crown (8); these also are Swedis 
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These steel irons are imported almost exclusively by English merchants 
residing in Hull. The limited quantity of the fine iron allowed to be 
produced from the mines of Danemora in Sweden accounts in some 
degree for the high price at which they are sold. 

Bar-Steel, The usual operation in large steel-works is first to cut 
the bar-iron into certain lengths. The closed vessels in which the 
bars are heated are usually twelve feet in length, and divided into two 
cells or troughs, on the bottom of which the workman strews charcoal 
to the thickness of about an inch. Upon this he places on their flat 
side a layer of bars; then about three-fourths of an inch more of 
charcoal is added; on this another layer of bars; and so on till the 
troughs are filled. These are then covered with a ferruginous earth 
coming from the grinding-stones, called wheelswarf, to the thick- 
ness of about eight inches. All the apertures of the furnace are 
closed with loose bricks and plastered over with fire-clay. The fire is 
then lighted, and in four days and nights the furnace is at its full heat; 
at which it is kept for several days, according to the degree of hardness 
required. In order to be able to test the ess of the carbonisation, 
a hole is left in one of the troughs near the centre; three or four bars 
are placed in the furnace in such a manner that the ends come thro 
this opening, and after the sixth day one is pulled out. If the iron 
then not suftici earbonised, the heating is continued from two to 
four days longer. A bar is drawn every two days; and when the iron 
is completely converted, the fire is heaped up with small-coal, and the 
furnace is left to burn out. It requires from this period fourteen days’ 
time to cool sufficiently to allow a person to go in and di e the 
steel. The cells or troughs must be kept completely air-tight; the 
smallest crack will open when the furnace is hot, and admit the air: 
this of course frustrates the object of the operation, and any steel 
which has thus suffered is placed aside to be reconverted. It is of the 
greatest importance to give the iron the exact quantity of carbon 
required and no more. For coach-springs, the iron’ must not be con- 
verted to the centre. For common cutlery, sheer steel, and for pur- 
poses where steel has to be welded to i or to iron, the conversion 
should be low, and gradually disseminated throughout the whole 
thickness of the bar. For double sheer steel, the conversion should be 
somewhat harder than the preceding. For files, and all instruments 
where resistance or fine cutting-edges are required, the conversion 
should be hard, and the iron fully carbonised thro} F 

No definite rules can be laid down toenable the uninitiated to judge 
of the temper or degree of hardness of a bar of steel; but by habit 
workmen soon acquire the means of distinguishing between the dif- 
ferent degrees of hardness of two pieces of steel. is kno of 
the degree of temper is of erent ss» Hoge ee P oe stee]-maker ; a 
file, made from soft steel which would be valuable for welding purposes, 
would be useless in the arts; while a coach-spring made from steel 
hard enough to make a file could not be applied. to its intended 
purpose. 


is mixed 
it appears to 


-A converting furnace contains generally fifteen tons of iron; and 
there are some large enough to hold eighteen to twenty tons. 


The 
bar-steel, when di the furnace, is covered with 
small raised portions of the metal; and from Rpts: Ait of these 
to blisters, the steel is called blistered steel. It has been found by the 
experiment of placing a bar of Swedish and one of Staffordshire bar- 
iron in the same furnace, that the former was much blistered, while 
the latter had scarcely any blisters larger than a At one time it 
was common for the steel-maker to receive orders for steel well blistered. 
This arose from a mistaken idea ing the perfection of the steel ; 
it being supposed that the more it was blistered, the tore it was 
carbonised, and consequently that its quality was indicated thereby ; 
now, however, manufacturers are better informed, and steel so blistered 
is complained of, 

Bar-steel as it comes from the converting furnace is used for various 
urposes without refining; those parts which are free from flaws and 
blisters are broken out and hammered or rolled to the sizes required 
by the manufacturer for files, edge-tools, table knives and forks, coach- 
rings, and a great variety of common agricultural implements. It is 
also misnaifectahed into what is calle’ abndte and double sheer steel ; for 
this purpose the converted bar is selected of an Sin eeu of hard- 
ness, and broken into pieces of about two feet in ; these are 
taken to the forge, heated to a full cherry red, and hammered into 
bars two inches by three-quarters of an inch in thickness ; six of these 
pieces are put her and kept firmly so by a hoop, which is fixed at 
the end of a le, thus— : 


1 


——— 


They are then placed in a hollow fire urged by a soft blast, and heated 
gradually up to a full welding heat, during which the workman covers 
the surface with clay beaten very fine; this runs over the surface, and 
to some extent prevents oxidation, When fully heated, they are 
placed under the hammer, pers welded together, and drawn into a 
bar of about two inches square at the same heat; the other end is then 
put into the fire and welded in the sanie way. This is termed single 
sheer steel, It is made double by nicking the bar in the middle and 
doubling it together, giving a second welding heat, and drawing it out 
as before to a bar of about two inches square; it is then hammered, 
tilted, or rolled to the size required ; by process bar-steel becomes 
more homogeneous, of a finer texture, and any instrument made of it 
will receive and retain a finer edge; the steel is also rendered much 
tougher, which condition is supposed to arise from the abstraction of a 
8 pt of carbon, and the mechanical elongation of the fibre 
these doublings, &c. é 
In Sheffield, where the steel manufacture is carried on to a larger 
extent than in any other town in the world, many manufacturing firms 
confine their operations exclusively to those above described : a 
making bar steel, in the two forms of blister and sheer, without in- 
cluding the making of cast-steel, or the fashioning of steel goods. The 
sheer-hammers, employed in the production of sheer steel, are v 
massive machines, having iron heads of twenty cwts. or more, pi | 
with steel. The blows of these hammers, acting on heated bars of 
steel, greatly change their character; the blistered steel loses all its 
blisters and flaws, acquires a uniformity of character throughout, and ” 
becomes much more malleable and tenacious. According to the degree 
in which it is welded or sheered, so does the steel become applicable to 
a | number of practical purposes. ; ? 
Cast Steel is the steel employed for the best goods. Cast-steel was 
first made by Mr. Huntsman, at Attercliff, near Sheffield, in 1770; 
since which time the manufacture of it has very much increased. It 
is steadily superseding the use of bar or sheer steel, on account of the 
equality of its temper, and the superior quality as well as beauty of 
the articles which are made of it. The process adopted is that of 
taking bar steel converted to a certain degree of hardness and breaking 
it into pieces of about a pound each; a crucible charged with these is 
placed in the melting-furnace, similar to that used by brass-founders. 
The furnaces are 20 inches long by 16 inches wide, and 3 feet deep. The 
most intense heat is kept up for two hours and a half or ese huge 
coke being used as fuel. hen the furnace requires feeding, the 
workman takes the opportunity of lifting the lid of each crucible 
and judging how long the charge will be before it is completely 
melted, All the crucibles are usually ready about the same time, 
They are taken out of the furnace, and the liquid steel is poured into 
ingots of the shape and size required: the crucibles are immediately 
returned into the furnace; and when the contents of all have been 
poured into'the moulds, the crucibles are again They are 
used three times, and then rejected as useless, The ingots are taken 
to the forge-tilt or rolling-mill, and hammered into bars or rolled into 
sheets, as may be required. The celebrated wootz, or Indian steel, is 
cast-steel ; but it is generally so imperfect as to resemble cast-iron 
rather than cast-steel. It is, however, made of iron obtained, as the 
Swedish is, from the magnetic ore. Woota is made by the natives 
from malleable iron, packed in small bits with wood in crucibles, 
which are then covered with some green leaves and clay: about two 
dozen of these crucibles are packed in one furnace ; they are covered 
with fuel, and a blast given for about two hours and a half, which 


; 


821 STEEL MANUFACTURE. 


STEEL MANUFACTURE. 822 


terminates the operation. When the crucibles are cold, they are 
broken, and small cakes of steel are obtained in the form in which it 
comes to England. 

This making of cast-steel is a remarkable operation. The heat of the 
furnaces is believed to be higher than any other known in English 
manufactures. The ingots weigh from about 40 to 200 lbs. each, 
according to the to which they are to be applied. No less 
than four to five tons of coke are needed for smelting one ton of steel. 

The filting of steel is a process of hammering, mostly for cast-steel. 
The steel is heated to a certain temperature, and hammered all over 
for a considérable time ; this closes the pores, and renders the metal 
as close and compact as possible. The steel for the best articles is both 
cast and tilted. Case-hardening is an operation pe nf articles made 
of malleable iron or cast-iron are superficially conv into steel by 
heating them with charcoal in a crucible. 

Relations of Steel to Tron—The steel manufacture is just now in a 

i state ; several new of a highly curious nature 
have been introduced by Heath, Clay, Bessemer, Uchatius, and others, 
not fully successful, perhaps, but significant of the future. Most of 
these depend on a study of the relations between iron and steel, in a 

hye we shall briefly describe. 
i 


mixture 
existed, 
especially silicon, a not 
aces 

'y 


(Nat Sahapellnoe seg lien ll gent a pennne it, he placed 
diamond-powder in a piece of pure soft iron ; and having properly 
secured it, he it by means of voltaic electricity : after a few 
minutes’ heating, the diamond had disappeared, and the interior surface 
of the iron was converted into perfect blistered steel, which, being 
heated to redness and plunged into cold water, became so hard as to 
resist the file and scratch glass. Some years since a method was dis- 
by Mackintosh of converting iron into steel by means of the 
of carburetted hydrogen gas. Gay Lussac found that bosom 
jon steel loses much silicon and a little carbon. Brande has foun 
when the carbon has fallen short of one per cent., the steel was 
t in hardness; and when it has exceeded this proportion, the 
ve split or not stood their work. He states, at the same time, 
quantities of other bodies ap to influence the quality 
; that unless it contain phosphorus it cannot be depended 
for the manufacture of dies in coining. Dr. Thomson examined 
some cast-steel furnished him by Mr. Buttray, a steel-maker near 
G w. The general result of his trials gave him a composition 
which approaches 20 atoms of iron + 1 atom of carbon; and this he 
thinks likely to be the constitution of cast-steel, an opinion corrobo- 
rated by the fact above stated by Mr. Brande. Mr. Faraday and Mr. 
Stodart published in the ‘ Phil. Trans.’ for 1822 a valuable series of 
experiments on alloys of steel, from which it appears that by combining 
steel with other metals its quality is improved. A very minute addi- 
tion was found sufficient to produce a good effect: thus one 500th of 
silver gave an alloy harder than cast-steel ; one 100th of nickel gave 
avery bard alloy, susceptible of a fine polish ; alloys of rhodium and 
platinum were also formed; and these, with the alloys of iridium, 
osmium, and palladium, formed the most valuable compounds. 

Mr, Binks, in a paper read before the Society of Arts in 1857, on the 
nature and aye thes of steel, described the experiments which had 
led him to the following conclusions : That the substances whose appli- 

i cE hae lle lies ede ge ba pnt gained ae 

or that nitrogen has to air during the 
Cietiin sacus addon Ge aptilie’ to pusetivn, dots At protte steel ; aid 
that neither does nitrogen alone produce it. That it is essential for 
both carbon and nitrogen to be present. That both exist substantially 
in steel after its conversion. That such presence is the real cause of 
the distinctive physi 
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ly years 

derives some of its valuable steel-making presence 
of a small quantity of 3 hence the question—might not 
manganese be profitably to English iron ? Mr. Heath took up the 
ect, spent a fortune upon it, greatly enriched Sheffield, and died 
Sribon becrted. In 1839 he devised a mode of combining carbon with 
to produce a carburet, which converted English iron into 

very good steel. The manganese appeared to him to act asa sort of 
detergent, taking away certain impurities from the iron. Unfortunately 


second patent for this improvement ; the Sheffield manufacturers saw 
the flaw, made the new steel without paying him any royalty and 


defied him. The suit of Heath v. Unwin, carried on for eleven years, 
in all the various forms known to English law and equity, ruined Mr. 
Heath, who died in 1850, His widow succeeded in obtaining a small 
interest arising out of the patent, but quite disproportionate to the 
importance of the invention, Mr. Webster has stated that, between 
1839 and 1855, buyers of Sheffield cast-steel goods benefited to the 
extent of two millions sterling by the lowering of prices due to Mr. 
Heath’s process. 
Steel is of a lighter gray than iron. It is susceptible of receiving a 
high polish, and this is greater as the grain is finer. When steel 
ened its volume is increased. When heated to redness, and 
slowly cooled, it is scarcely harder than iron ; but by very rapid cooling 
it becomes hard, and so brittle as to be readily broken. The fracture 
is usually fine grained. In ductility and malleability it is much infe- 
rior to iron, but exceeds it greatly in elasticity and sonorousness. It 
2 | be subjected to a full red heat, or 2786° Fahr., without melting, 
and is therefore less’fusible than cast-iron, but much more so than 
wrought-iron. Pieces of steel which have not been cast may be readily 
welded together or with iron; but after casting, the operation is more 
difficult. In order to give to steel the different d of hardness 
required for various purposes to which it is applied, it is subjected to 
the process of tempering. The higher the temperature to which it is 
raised, and the more sudden the cooling, the greater is the hardness. 
Thus when immersed in m the hardness is , on account 
of the good conducting power of the metal, and its consequent ready 
abstraction of heat. r this comes acidulated water, salt water, 
common water, and lastly oily or fatty bodies. It is found that, 
according to the degree to which steel is tempered, it assumes various 
colours, and formerly these colours served as guides to the workman; 
now, however, 4 thermometer, with a bath of mercury or of oil, is 
employed, and the Em ipeste is performed with a much greater degree 
of certainty, Into bath the articles to be tempered are put, with 
the bulb of the thermometer graduated up to the boiling-point of 
mercury. The tempering heat yaries from 430° Fahr. (for lancets) to 
600° (for pit saws). 

Puddled and Bessemer Steel—Arising out of the inquiries concerni 
the relations between iron and steel, several new modes of making stee 
have recently been introduced or proposed, Hitherto, most English 
steel has been made by the converting process, already described; but 
on the Continent it is more usual to adopt what is called the raw 
method, puddling the metal in a charcoal furnace. The English 
method raises the amount of carbon in or with bar-iron up to about 
1 per cent. ; the Continental method lowers the amount of carbon in or 
with pig-iron from 4 to 1 per cent. Riepe’s method, patented in 
1850, and worked some time by the Low Moor Iron Company and the 
Mersey Steel Company, is for making a kind of steely iron by the 
puddling process, good enough for most coramon purposes— and 
unyielding, or soft and silky, according to the extent to which the 
process is carried. To uce this steel, pig-iron is thrown into a 
ete [Furnace; Iron Manuracture], together with a 
ittle iron slag, salt, clay, and oxide of manganese; the molten metal is 
worked or puddled beneath the scum, and is worked up into balls or 
blooms at a certain stage. Captain Uchatius, engineer of the Imperial 
Arsenal at Vienna, has devised a method of making steel in which (as he 
thinks) English iron would suit as well as Swedish or Russian. He brings 
the iron to a granular state, by running it from a furnace into agitated 
cold water. These grains are mixed with some cheap oxygen-yielding 

ial, such as spathose iron-ore, put into a crucible, and melted 
in a cast-steel furnace. The pig-iron gives up some of its carbon and 
its earthy impurities to the oxygen, and becomes steel. The smaller 
the granules, the softer the Uchatius produces 25Ibs. of steel 
from 24 lbs. of granulated iron, 4]bs. of spathose ore, 4 lbs. of oxide 
of manganese, and a little clay. Sir F. Knowles has introduced a 
method in which a retort instead of a crucible is used ; while the crude” 
iron is mixed with hot gases rich in carbon. The processes of Uchatius 
and Knowles seem better urs 4 for the laboratory than for large 
manufacturing operations. er modes of producing steel directly 
from the crude iron have been introduced, with varying success, by 
Clay, Saunderson, Plant, Nasmyth, Mortier, and others. 

But of all the novelties connected with the steel manufacture, those 

by Mr. Bessemer have attracted the most notice within the last few 

ears, He has taken out five or six fpatents on the subject. In his 
Nanas the difference between iron and steel is simply one of degree, for 
itis not easy to say where Bessemer iron ends and Bessemer steel 
begins. It was at the Cheltenham meeting of the British Association, 
in 1856, that the process first attracted attention. Mr. Bessemer con- 
ceived that pig-iron might be converted into malleable iron, and then 
into steel, without any additional consumption of fuel. Pig-iron 
contains more carbon than the others ; and if oxygen could be made to 
burn a portion of this away, the object would be accomplished. How, 
then, to expose molten pig-iron to the action: of oxygen? He decided 
that a blast would best e this. He formed a fire-brick furnace of 
small size, with twyére holes near the bottom, and two larger holes 
half-way up. Molten pig-iron flowed at once from a blast-furnace to 
this small furnace or cylinder, and a blast was driven into the cylinder, 
A violent commotion ensued, and an intense heat resulted from the 
combination of the oxygen in the blast with the carbon in the molten 
mass, Volumes of flame and a few sparks were produced, and then a 


ve 
is 


‘ 


823 STEELYARD. 


STEELYARD, MERCHANTS OF THE. 


sort of eruption of slag. Flames again ; for some of the 
oxygen formed an oxide with some of the and acted as a kind of 
solvent for sulphur and earthy matters. The pisiron lost about 
12 per cent. of its weight during this process. The rich slag thrown 
out might be afterwards treated with carbon gases, and made to yield 
more iron. When the flames and sparks had subsided, a plugged 
hole was opened, and the metal poured into an ingot-mould, without 
leaving any cinder or oxide, The took little more than half an 
hour, and no fuel was used. ile in the cylinder, the metal was not 
a mere pasty mass, it was a boiling fiery fluid. At a certain stage, the 
iron became crade steel. By continuing the boil, more carbon was 
driven out, and purer steel resulted. In short, any medium between 
the softest iron and the hardest steel might be produced by varying 
the duration of the One kind, called by Mr. Bessemer semi- 
steel, is more. elastic, harder, and stronger than bar-iron, but not so 
hard and fine as steel ; it is useful for light and strong purposes; it is 
more difficult to roll than iron, but is stronger and more durable, and 
is therefore considered to be cheaper in the end. 

In the three years next following this announcement of Mr, Bessemer's 
invention, the comments took the whole range between the highest 
praise and the most marked disapproval. The inventor and his friends 
claimed for the novelty a diminution of labour, time, and cost; the 
production of a metal more homogeneous than by the common method; 
no residue of wasteful slag; and the power of ing ingots of any 
weight from one to seven or more cwts. The Llanelly Tin-Plate Works 
supplied Mr. Bessemer with some pig-iron such as they used for producing 


the best sheet-iron: he converted it into a soft ingot, which was wrought, 


at a white heat into aslab by the force of a steam-hammer, and then 
rolled into very good sheet-iron for tin-plate. Mr, Adams stated that 
an amateur t easily make a bit of steel, by melting 4 ozs. of cast- 
iron in a crucible, pouring it into the bowl of a large tobacco-pipe, and 
using the stem as a blow-pipe. © On the other hand, most of the manu- 
facturers found fault with the Bessemer process. Some of them said 
that, although the process removes the carbon and silicon more com- 

letely than the ordinary method, and the sulphur about as well, it 
eaves the phosphorus untouched, which they regarded as a fatal blot. 
Others made trial of the process, and declared the iron or steel 
produced to be bad. In 1859, after patenting several modifica- 
tions of his plan, Mr. Bessemer described his process, in a some- 
what altered form, before the Institute of Civil Engineers. He had 
been endeavouring to get rid more completely of the sulphur and 
phosphorus. He used Swedish iron instead of English for the best 
steel, poured the molten metal into cold water instead of into a large 
mould, re-melted it, and finally poured it into small moulds. Other 
changes had been made in the apparatus and the process. Some of 
the ingots exhibited possessed wonderful tensile power. A bar 3 inches 
Square was bent round until the outer curve was lengthened from 12 
to 16} inches, and the inner lessened from 12 to 7} inches, cold, and 
without a flaw. Four iron rods, 14 inches diameter, were twisted cold 
into a cable; the rods stretched one foot in four during the process, and 
thinned out in inverse proportion. <A steel bar, 2 inches square, was 
twisted cold into a spiral at an angle of 45°. A round steel bar was 
hammered cold into the form of a horse-shoe. 

At the present time, the Bessemer is under probation. 
Works have been erected at Sheffield to put it in operation; and 
similar establishments have been founded in several Continental states. 
By this means the system will obtain that which alone can determine 
its value—a fair trial on a large scale. Persons of moderate views 
believe that the semi-steel will become useful for railway purposes, as 
being harder than bar-iron, and for marine engine-work, because it is 
lighter than iron for equal strength. How far fine steel can be profit- 
ably produced, without the converting process, is still a disputed 
point, 

In 1853, Sheffield had 160 steel-converting furnaces, and 1495 cast- 
steel “ holes”—about 16 holes to a casting-furnace. Of the 20,000 to 
40,000 tons of Swedish iron annually imported, nearly all to 
Sheffield to be converted into steel. Including Russian and English 
iron, it is supposed that about 50,000 tons are annually made into steel, 
of which 30,000 tons are cast-steel, The value of this quantity is 
roundly estimated at about 1,500,000/, yearly. 

STEELYARD, [Wercute gy SE 

STEELYARD, RCHANTS OF THE, a body of aliens who 
enjoyed various commercial privileges in England from an early period 
to the middle of the 16th century. “The emperor's men,” mentioned 
in some ordinances of Ethelred IL. (a.p, 978-1016) as trading to England, 
were the predecessors of the merchants of the Teutonic Guild. In 1220 
the merchants of Cologne had a hall or factory in London, for tlie legal 
possession of which they made an acknowledgment to the king. “It 
seems that this Gildhall, by the association of the merchants of other cities 
with those of Cologne, became in time the general factory and residence 
of all the German merchants in London, and was the same that was 
afterwards known by the name of the German Gildhall (“ Gildhalla 
Teutonicorum”). (Macpherson, ‘Annals of Commerce,’ i. 383.) In 
1235, Henry III. gave them permission to attend fairs in any part of 
England, and also to buy and sell in London, saving the liberties of 
the city ; and they were Sey es from several customs and payments. 
In the 15th century we find the Hanse merchants engrossing the privi- 
leges of the above ancient incorporation, Cologne being a member of 


824 
the League, and the whole of the German merchants resident in London 
probably belonging to one or other of the Hanse towns. At least, after 
1475, they had but one factory in London, which was the Steel-yard 
or Steel-house, as it was sometimes called, situate a little 
Dowgate, between Thames Street and the river, The Thames-street 
front was fortified with three portcullised ys; and the whole 
was inclosed by strong walls, within which, more than once, 
especially on the irruption of Wat Tyler’s mob in 1381, the 
merchants saved themselves, while the and 
fell victims to the national prejudice, In the interior was 
hall, adorned with pictures by Hans Holbein, in which the co: 
held their councils and k of their feasts. On the west 
the hall was a garden, adorned with vines and rare fruii 
Thames front was a quay, with all the conveniences th 
embarking or disembarking goods, The remainder of 
occupied by lofty warehouses and streets of booths for 
and display of the necessaries and luxuries imported from 
south, and east,—fine cloths, wines, silks, dried i 
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master being under an obligation to provide harness for war, 
ae ahieg the oul talldtes ae 8 ed in the fire of 
1666. That which succeeded differed little from the other erections 
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J 
with pai windows. After the fire of London, on the rebuilding 
ears , they contributed the carved oak screen which still sepa- 


rates the choir the nave. In 1673, the inconvenience of attend- 
ing a service in a foreign age induced them to petition for one of 
the abandoned churches, that in Little Trinity Lane was e 


granted 

to them, which has thenceforward been used by the German residents 
in London for divine service in their own tongue. In 1475, Edw. IV. 
entered into a treaty with the Hanseatic League, the pri 
leges of the London factory were placed on a more secure 
instead of being granted my for a short period, and being at times 
curtailed, and even occasio bore tegen By way of settling former 

isputes, it was thought worth while to pay them 10,0001, or rather to 
remit customs duties on their goods to amount. The king was to 
uppoint two or more judges to act without the ordinary legal formalities 
in all civil and criminal cases between the Hanse merchants and English 
ad sicnlleg caalaone weke Se bes oprey a eee ae 
jects cess at the Hanse towns. The fee simple of the Steelyard 
was cony by this treaty; also the Steelyard at , and a house 
at Lynn, Under this treaty and their old charters, the Hanse merchants 
of the Steelyard were enabled to monopolise certain branches of trade, 
in which they were exempted from duties payable by other traders; 
and by their combination and capital, they were doubtless formidable 
competitors in other branches of foreign trade; but though the activity 
of foreigners a . be tolerated while native capital was wanting, yet a 
trade from which English merchants were virtually excluded could not 
possibly be permanent. The industry and of the English trader 
made him a formidable competitor. He not only, in spite of the 
troubles of the wars of the Roses, exerted himself to su ly domestic 
wants, but he actually, as is noticed above, had push if into 
the traffic of the Baltic. In addition, the requirements of commerce 
had introduced the use of larger vessels; which could not well be 
adopted by the Hanse merchants, as they could not come above 
Lanin Bridge. All things were working against the interests of the 

In 1505 a rival interest was created, by a charter granted 

Company of Merchant Adventurers for trading in woollen cloth to the 
Netherlands. The merchants of the Steelyard were bound in heavy 
penalties not to interfere with the trade of this new in 


to the Hanse towns; that they had engrossed almost the entire 
carried on by foreigners in the kingdom ; lastly, that they had red 
the price of wool, and also of corn by their importations of 
The articles which they imported, besides gain, are 
, linen, 
The on the 
of the older incorporation, which however continued to linger 
1597, when the Emperor Rudolph having ordered the factories 
English Merchant Adventurers in Germany to be shut up, 
Elizabeth directed the Lord Mayor of London to close the house 
by the merchants of the Steelyard. The buildings and 
Steelyard, however, remained in ion of the towns of 
Bremen, and Liibeck, as representatives of the old Hanse corporation, 
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till 1853, when, having no use for them, they sold the property, for 
which it is said they obtained 72,0001. 

(Strype’s Eccles. Mem., iii. 77 ; Anderson's Commerce ; Mavpherson’s 
Commerce ; Dr. Reinhold Pauli’s Bilder aus alt England, which con- 
tains an essay on the Steelyard.) ’ 

STEERING APPARATUS. Various contrivances have been made 
of late years, some of great ingenuity, to remedy the inconveniences 
of the steering-wheel so long in use. vessels requiring more 


: Es apparatus for moving the rudder, many patented inventions 


ve appeared which have introduced the use of cogs and screws; but 
no one has yet succeeded in effecting such results as would warrant its 
adoption. One, however, that by which the steering-wheel is 
situated in the fore part of the vessel, its motion being communicated 
to the rudder by ropes, chains, or rods, was used by Symington in his 


deities are ted: at all periods they have hieroglyphical 
inscriptions, dedications to sepulchral deities entreating certain benefits 
for other religious formule, or even family registers, 


sepulchral ornamented with figures of various deities 
to whom they were dedicated, scenes of family repasts, or last adieus, 
representations of the deceased, or floral and architectural ornaments, 
and inscriptions commemorative of the deceased. Public acts, treaties, 
religious dedications, were often registered on steles. They are 
generally made of white, alth occasionally of celoured, marbles. 
Some inian steles have dedications to Baal Hammon and Tanath, 
’s Nineveh ; Stackelberg, 
i yyptian Stele.) 
STELLIONATE, a word derived from stellio, the name of an animal 
of the lizard kind, mentioned by Pliny (‘ Hist. Nat.’, 1. 3, c. 10), and b 
Virgil (‘ 4 Geor.’, 243), is a term used in the Roman law to denote 
crimes, in which fraud is an ingredient, as have no special names 
to distinguish them, and are not defined by any written law. In 
general, wherever a civil action might be brought on the ground of 
fraud, there might be a criminal prosecution for stellionate. The term 
however is chiefly applied to cases where a person sells, exchanges, or 
transfers to one, property with respect to which he has already entered 


‘into a contract with another. It is also applied to cases of pledging 


another man’s property, substituting base for precious metals, dealing 
in counterfeit or adulterated goods, and generally to the practice of 
any species of imposture. The punishment of stellionate was of 
necessity discretionary. Where the criminal was a person of distinc- 
tion, the ordinary punishment appears to have been temporary 
banishment and degradation from his rank; and where he belonged to 
the lower orders, it seems to have been competent to inflict any 
punishment short of condemnation to work in the mines. (‘ Dig.’, 47, 
tit. 20; Hellfeld, ‘ Jurispr. For.’, s. 2067.) The term stellionate is 
used in the law of Scotland in nearly the same sense as in the Roman 
law. (Ersk., ‘ Inst.’, 4, tit. 4, s. 79.) 

STENCILLING is a mode of transferring a coloured pattern or 
design to the surface of cloth, paper, or other material. The pattern 
is cut a stencil plate, ly a piece of sheet metal ; and liquid 
or is brushed over the plate, in such a way as to pass 
through the perforations, but not to reach those parts of the paper or 
cloth on which the uncut portions of the plate rest. Examples of the 
process will be found noticed under Carp-Makina and Paperr- 
HANGINGS. 

STENOGRAPHY, or the art of short-writing, is a term com- 

of two Greek words, orevds, contracted, and ypdpew, to write. 
invention of y among the Greeks is generally assigned 
to Xenophon the historian; but it is said that the art was first practised 
by Pythagoras, and that the poet Ennius was the first who yom a 
system of short writing by which a person was enabled to follow a 
speaker. It is said, though upon no very certain testimony, that he 
commenced by ernploying eleven hundred marks of his own invention, 
and increased the number as circumstances required. 
There are also writers who ascribe the invention of the art to 


Cicero ; and it was certainly practised by him on account both of its 


y . He reminds (‘ Ad. Att.,’ xiii. 32) his friend 
Atticus that he wrote (3: onyelwv) by signs. The art was com- 
municated by Cicero to Tiro, his freedman, who made considerable 


improvements in it, and is said to have been likewise the first person 
who applied it to the purpose of taking down public speeches. Euse- 
bius attributes the invention to Tiro. The oration of Cato relative to 
the Catilinarian conspiracy was preserved by means of shorthand. 
The art was consnaen improved, and stenography became a fashion- 
able accomplishment with the Romans. There is extant a work on the 
shorthand (note of the Romans) attributed to Tiro and Seneca, and 
printed in Gruter’s ‘ Collection of Inscriptions.’ Most of the writers of ~ 
that age allude to the stenographic art in their works. Horace points 
out its brevity; and Ovid mentions its advantages in point of secresy, 
It is also-commended by Ausonius, Martial, Manilius, and others, 
{Norary.] The Roman shorthand was very different from our own: 
the abbreviations, in general, appear to have resembled those adopted 
in ordinary writing, and which frequently occur in ancient manu- 
scripts, as well as in early editions of Latin works. -A very la 
collection of manuscript abbreviations is printed at the end of Géschen’s 
edition of Gaius ; and specimens of ancient Roman stenography are 
given in Lewis's ‘ Historical Account of Shorthand.’ Some passages in 
the Roman writers, which have been supposed to refer to shorthand, 
appear to refer to writing in cipher. 

The first English treatise on Stenography was published in 1588, by 
Dr. Timothy Bright, and dedicated to Queen Elizabeth. It was en- 
titled ‘ Characterie, or the Art of Short, Swift, and Secret “Writing ofr 
and consisted exclusively of arbitrary characters, each of which repre- 
sented a word. ‘T'wo years afterwards appeared ‘The Writing School- 
master,’ in three parts, by Peter Bale. The system of Bale, like that 
of his predecessor Bright, was formed of arbitrary characters, instead 
of a combination of elementary marks or signs. Both systems were 
exceedingly crude, and difficult of attainment; requiring, as they did, 
for their practical application, a remarkable tenacity of memory; but 
they displayed great ingenuity as first attempts. e earliest effort to 
form a regular shorthand alphabet appears to have been made by John 
Willis, who in 1602 published ‘The Art of Stenographie, or Short 
Writing, by Spelling ie’ The work went through numerous 
editions. The alphabet was formed of the most difficult and complex 
characters, which were ill adapted for joining, their formation con- 
suming treble the time required for forming the characters in any of 
the modern systems of moderate celebrity. Willis was followed by a 
host of imitators, none of whom, however, effected any material 
improvement. In 1618 appeared a treatise upon Stenography by 
Edmond Willis, which was followed in 1630 by that of Witt; in 1633 
by that of Dix; and by a great number of others at short intervals. 
That of Rich, published in 1654, was praised by Locke. In 1753 was 
published the system of Mr. Thomas Gurney, which has since been so 
very extensively practised by various members of his family and others, 
in the houses of parliament, the courts of law, &c. 

Among the more recent systems, that of Dr. Byrom deservedly 
occupies a very prominent position. He succeeded in forming an 
alphabet at once simple, precise, and practicable, as well as in rendering 
the general details of his theory exceedingly clear and intelligible. 
His system was incomparably superior to any which had preceded it. 
Although the treatise was completed by the year 1720, it was not 
published till 1767, after the death of the author, who, as he depended 
for support principally upon private tuition, obtained an act of par- 
liament for the security of his invention. The doctor, in 1749, printed 
fifty copies of his work for the use of his particular friends. Since its 
publication it has been edited by several persons. Mr. Thomas Moli- 
neux, of Macclesfield, published an edition which he entitled ‘An 
Introduction to Mr. Byrom’s Universal English Shorthand, which was 
popular for many years; and some years later, Mr. William Gawtress, 
of Leeds, published a ‘ Practical Introduction to Shorthand’ upon the 
general principles of Byrom, which is one of the cheapest and most 
useful manuals of shorthand which ever ap} 

The system next deserving of notice is that of Taylor, which made 
its appearance in 1786, and is entitled ‘ An Essay intended to establish 
a standard for a universal System of Stenography or Shorthand 
Writing.’ This author's system is superior to that of Byrom in several 
particulars ; but ey in a greater brevity and simplicity of the 
alphabet, and the facility with which the various characters may be 
joined to each other; all points of the utmost value and importance. 
Some useful practical improvements upon Taylor’s system have been 
made in Mr, Harding's treatise on the art: Dr. Mavor’s system, though 
it obtained considerable popularity, is inferior to that of Taylor, on 
account of his alphabet requiring a greater number of strokes of the 
pen, and the characters being more difficult of junction. Since the 
publication of Dr. Mavor’s treatise, many others of various degrees of 
excellence have been published, but it is needless to enumerate them ; 
those who desire further information as to the history of the art will 
find much valuable matter in Mr. Lewis’s ‘ Historical Account of 
Shorthand.’ The alphabets on the next page will in some measure 
illustrate a portion of the foregoing remarks as to the improvements 
which have from time to time taken place. 

To shorthand writers we owe full reports of the proceedings of par- 
liament, of public meetings, and of the courts of law. The newspaper 
press has indeed given a ‘powerful stimulus to the cultivation of the 
art, by affording a respectable livelihood to a numerous body of in- 
dividuals, In addition to what it has done for the daily and weekly 
press in particular, shorthand is used for taking down sermons, scientific 
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lectures, &e. By students of divinity, medicine, law, or others, who 


scjentific or other subj 


jects, shorthand may be studied with great 
acquired without the 


may wish to preserve the whole or parts of discourses or lectures on | advantage. The art, however, is not to 
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diligent application of many months, and it also requires considerable 
manual dexterity, though worthless treatises and travelling teachers of 
stenography occasionally assert the contrary. 

We shall now give a brief summary of the principles of stenography, 
according to the system of Taylor, as improved by Harding, 

Of the Alphabet.—The vowels are represented by points, a period 
standing for a, ¢, and i, and a comma for o and uw. The single con- 
sonants of the shorthand alphabet amount only to sixteen, c and z 
being rejected as 
soft sound, similar to / and s, as in the words “command” and “ sen- 
tence;” 8 is therefore always substituted for c, where the letter has a 
soft sound, and & where it has a hard sound: f and », being similar in 
sound, are both represented by the same charactér. For the same 
reason,g and j are represented by one character, as are also k and q. 
Characters are also assigned to double consonants, such as ch, sh, and 
th, These double consonants conduce to both perspicuity and ex- 
pedition, The vowels are distinguished from each other by their 
position. For instance, should the period be placed over the top of 
a consonant, it signifies a ; if placed against the side, or opposite the 
centre of the consonant, it becomes e ; if placed at the bottom é. The 
personal arnt J is represented by a mark similar to the top part of 
a note of admiration, The comma is 0 when placed in the same 
situation as the dot or period for a, and u when in the same situation 
as the dot fore, Where vowels have been generally omitted, either 
through the haste of transcribing remarks on any subject, or for 
expedition in following a speaker, they ought, where such a course is 
rendered necessary, to be supplied immediately afterwards, while the 
subject written is fresh in the recollection of the writer. In all words 
which have neither incipient, terminative, nor long vowels, no middle 
vowel should be expressed unless some peculiarity may render it 
expedient or necessary to deviate from this general rule. A word of 
more than one syllable, having a long vowel in it, must generally have 
that vowel expressed, because the long vowel being found in that 
syllable which is most distinctly heard in pronunciation, affords the 
greatest help in reading; at the same time, however, when a word of 
more than one syllable consists of several consonants, even the long 
vowel may be frequently omitted. The various characters of the 
alphabet represent, when placed by themselves, a number of small 
words. For example, the @ or an is written by dot; the and also and by 
a comma, the former being written above the line, and the latter below. 
The consonant b represents the word be, by, been ; d, do, did, done ; f, 
off, of if + g, God, give, go, good ; h, have, he; k, know, known ; 1, Lord, 
all, will, and so on throughout the alphabet. For the attainment of 
practical proficiency in the art, it is necessary that the alphabet should 
be acquired so perfectly'as to be written correctly four times in a 
minute. It is necessary also in this place to explain that d and 7, 
which in the alphabet appear to be precisely the same in form, are 
distinguished by the former, when joined to another consonant, being 
written downwards, and the latter upwards. 

Of Prepositions and Terminations.—Prepositions and terminations 
are the letters or — by which the first and last syllables of words 
are represented. e whole of the single and double consonants of 
the alphabet are employed in denoting the beginnings or endings of 
words; in which situations the letters are not joined to the other part 
of the word, but placed so close as to show their connection and 
niger their being mistaken for separate and independent words. 

e letter ) represents the prepositions abs, obs, &c.; and the termina: 
tions ble, ible, bly ; the letter d, the itions de and des, and the 
terminations dom, end, ened, &c.; letter f, the preposition for 
and the termination ful; and the other alphabetical, characters are 
Se ska in a similar manner, Besides the consonants seyeral 

trary marks are also used to denote the endings of words, In 
many cases 4 preposition and a termination together are all that are 
necessary to represent a word, 

Of Arbitraries.—In the system of Taylor very few arbitraries are 


, the former having both a hard and & 


writer may readily, and with much benefit to himself, increase the 


number of these as occasion may require. For instance, the in- 
dividual who acquires the art of writing shorthand for the 2 of 
its practical application in a court of law, may readily assign arbi 

marks for 8 technical terms or | words as are of most 


iy 


z 
F 


rid 


ci 


Tet FA 


4 


5 
s 


a 


frequent recurrence. In the same manner the student of medicine or 
divinity may also form such characters to suit his own " 
pursuit; and those persons who practise shorthand for a variety of 
purposes may in like manner adapt them to the several subjects on 
which they may have occasion to take notes. The great ca) ties of 
arbitrary characters in these respects have not, we believe, been 
pointed out as they might have been, either by Mr, Harding or any 
ono author into “Beall ay th we have lois ‘ at 
the mode ing.—The great aim of shorthand being to 
t words by the fewest simple characters possible, all letters 
which are not distinctly sounded in any word must be omitted, except. 
in cases where their retention may seem necessary. If words are 
written as they are pronounced, every silent letter will of course bo 
omitted. In following a speaker, however, it is that. all, 
vowels should be omitted, or otherwise it will be ii ible to take 
more than the substance of his remarks, Where, however, proper — 
names occur, they should either have the vowels inserted or be Blas , 
in longhand; the latter method is most advantageous, as the names, 
when so written, serve us rallying-points to the eye in deciphering 
shorthand notes. Where the vowels are omitted in general writing, 
the rule is to write such of the consonants as,are sounded in the pro- 
not Mi of any —_ wv a F 

Of Miscellaneous es of Abbreviation.—As in following a speaker 
all the vowels require to be omitted, and the consonants only written, 
so all the small words in a sentence are likewise left out. In some 
cases, however, where the speaker is deliberate and the writer is expert, 
nearly all the words may be expressed. In the abridgement of 
tences of course the writer is guided by his own judgment 
sce gonesdy nagieenl ints Sines Invepaen ey Ue an 
are generally e: in the i iy 
verbs, as shall, have, had, can, could, may, must, be, &e, These i 
written by their first consonant, may be joined together; but 
should be inserted over the characters, to signify that they are 
letters of words in the sentence, The radical part of a word 
often be sufficient to denote the whole word, as exp, for expenses, 
for possible, and so forth, A mode of contraction much used 
common writing is to express the first and last consonants of a word, 
inserting a dash in the middle to show that it is deficient. This 
may be adopted in shorthand writing, or the common 
occasionally used. If the characters cannot be disti 
plan first pointed out, the termination may be written 
consonant, The usual abbreviations in longhand can be adopted 
hand. If a part of a sentence is to be repeated, a line may be 
under it, and a caret placed where the repetition should be read, 

As our object is not to supply a manual by which the art of t- 
hand may be acquired, but rather to afford some information concern: 
ing its leading principles, we have omitted explanations of minor 
importance, 5 frets 

STEPPES. [(Puatns.] 


STEREOGRAPHIC. ‘This word, which is derived from orepeds, 
“solid,” and ypdpew, “to draw,” and which therefore t+ to be 


lied to every method of representing a solid ina plane, never- 
theless a limited technical sente, being applied to that pr of a 
sphere in which the eye is at a point in sphere, and the plane of 


Ptolemy. Aas < 
The stereographic projection has two remarkable tproperties, _ The 
first is, that all circles are projected either into straight lines or circles. 


employed. They do not exceed twenty in number and may generally 
be employed with advantage, which is more than can be said of the 
arbitraries of several other systems. The experienced shorthand 


* As improved by Harding in the positions of the vowels, 


Those which pass through the eye are of course projected into straight 
lines; in every other case the pk pe is the SUBCONTRARY section — 
of a cone, which has its vertex at thi , and the circle to be projected 
for its base ; consequently the projection is a circle, As much of the 
circle as lies below the plane of projection (the eye being considered as 


STEREOSCOPE. 
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- above it) is _ projected inside the great circle on which projection is 


made; and rest outside : when this Renee is employed in 
maps, it is usual to place all the part of the globe to be projected 
below the of projection. 


Th angle made by two circles which 
meet on the globe, is a to the angle made, at the point of meeting, 
by the two cireles which are the projections of those circles, the angle 
made by two intersecting circles being always that made by their 

This property is easily proved as follows: Draw through 
the point ‘of intersection of the two circles (a and B) which are to be 
ts, 


The first property was known to Hipparchus and Ptolemy: the 
history of the is rather curious. The first writer who seems to 
have looked attentively for a discoverer was Delambre (‘ Mém, Inst.’, 
vol, v., p. 393), who could not find it in Clavius, Stoffler, nor in any of 
the writers of the middle ages, who have treated pretty voluminously 
on the astrolabe, which word, as used by them, merely meant a stereo- 

i jection. That it was mentioned (without demonstration) 
in the Mathematical Dictionary of Savérien (1753), in an 
article which was copied word for word into the ‘ Encyclopédie,’ was 
all that Delambre could then say ite ora. He afterwards, in 

his ‘ History of Astronomy in the Middle Ages,’ found the 
demonstrated in f System of Astronomy,’ by 

Charles Leadbetter, London, 1728; but, judging from the rest of the 
work, he that Leadbetter could not have been the discoverer. 
No claim was, however, at the time put in for any one else, and 
Savérien’s article, which appeared in the « Eneyclopétie’ first called 
to , and this can be traced to Lead- 

that Savérien translated his article, 


, and several 


edition of Dr. Harris's Lexicon Technicum’ 
16), and feeling sure, with regard to that work, that such a 
as Leadbetter’s would be stated, if it were 
we turned to the article ‘ Spherick Geometry,’ and there 
demonstration, enunciated as follows :—* All 
by Circles on the Superficies of the Sphere are equal to 
by their Representatives on the Plane of the Projection.” 
of Leadbetter is therefore overthrown. In the preface, 
says that under (among others) ‘Spherical Geometry’ will be 
entire treatises, which, if he mistakes not, are as short and plain 
as any extant. If this proposition had been new, he would probably 
have noted it here, particularly if it had been his own. We find how- 
ever, finally, that the property has been shown (‘ Encye. Brit.’, ‘ Pro- 
jection") to have been demonstrated by Halley in No, 219 of the 
* Philosophical Transactions,’ and is attributed by him to De Moivre or 
‘Hook. 


He 
uinist 
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accuracy in the map. Hence some writers have said that 
there is no distortion in the stereographic projection, which is not 
absolutely true, though nearly so of countries which bear no greater 
ion to the whole earth than most of them. 
mode of laying down the stereographic projection is briefly 
stated, and a diagram given, in the article Map; it will be found at 
length in the memoir of Delambre above cited, or in any good 
work on the construction of ~~ 

STEREOSCOPE, from crepes (solid), and cxords (a view, or cxoréw, 
to view), an instrument by which two pictures of any object, taken 
different points of view, are seen as a single picture of that object, 
having the natural appearance of relief or solidity. 

The theory of the stereoscope is sufficiently under Srenr. 
The reflecting stereoseope was first described in a paper by Professor 
Wheatstone, entitled ‘Contributions to the Physiclogy of Vision: 
Part 1. On some Remarkable and hitherto Unobserved Phenomena of 
Binocular Vision,’ read before the Royal Society, June 21st, 1838, and 
printed in the ‘ Philosophical Transactions’ a few months later. The 
refracting stereoscope is described by Sir David Brewster in a paper 
* On the Law of Visible Position in Single and Binocular Vision, and 
on the ion of Solid Figures by the Union of Dissimilar 
Plane Figures on the Retine,’ which he communicated to the Royal 

of Edinburgh in January, 1848. He further explained and 

his views in subsequent papers, which, like the former, 

in the ‘ Edinburgh Transactions ’ of that and following years. 

opinions of Sir David Brewster are further set forth in his work 

“The Stereoscope’ (Svo, 1856); those of Mr. Wheatstone must be 

in the alr referred to, and in another which formed 

the Bakerian of Royal Society for 1852, being ‘ Part II. of 
Contributions to the Physiology of Vision, and on Bin Vision,’ 


: 


The dissimilarity of the pictures, as seen by each eye separately, does 
not appear to be a modern discovery. It was recognised by Baclid 
2000 years ago, and minutely described by Galen. The idea was 
revived by Baptista Porta in 1593; also by Leonardo da Vinci; by 
Aguilonius, in a work on the vision of solids (1618); by Harris, in 
1775; by Dr. Smith, Dr. Porterfield, and others. Thus, as Brewster 
remarks, writers in every age knew the two facts that the pictures on 
the retin of the two eyes were dissimilar, and that by the union of 
these two flat distinct pictures we obtain the vision of solids, But in 
order to obtain accurate pictures of objects as seen by each eye, and 
the method, of uniting them, photography and the binocular camera 
were required. The first was already sufficiently advanced, and the 
latter was introduced by Brewster ; while, in order to view the pictures 
with effect, the lenticular stereoscope was contrived. “ The first instru- 
ment of this kind was constructed by the late Andrew Ross for the 
inventor, and was exhibited to the British Association in Birmingham 
in 1849. It did not, however, attract attention until the French 
optician Du Boseq showed his remarkable collection of stereoscopic 
views in the Great Exhibition of 1851, after which the demand for the 
stereoscope warmed into a passion which has scarcely since cooled 
down, The lenticular stereoscope, as described by the inventor, 
“ consists of a pyramidal box of wood or metal, or any other opaque 
material, blackened on the inside, and having a lid for the admission of 
light when the pictures are opaque. The box is open below, in order 
to let the light pass through the pictures when they are t nt. 
Another lid is sometimes added, so as to Gren opbenneny on the Bottom 
of the box, for the purpose of exhibiting dissolving views in the stereo- 
scope. The bottom of the box is generally covered with ground-glass, 
the surface of which ought to be very fine, or very fine-grained paper 
may be used. The top of the box consists of two portions, in one of 
which is the right eye-tube, containing a semi-lens, or quarter-lens, and 
in the other the left eye-tube, also containing a semi-lens or quarter- 
lens, These two portions may be aba ed made to approach or 
recede, in order to suit eyes at different distances from one another; 
and the tubes containing the lenses should draw out, in order to suit 
long- and short-sighted eyes.” The two dissimilar pictures (which, for 
convenience, are mounted on a thick card, forming the universally 
known “slide ”) are placed in a groove in the bottom of the box, when, 
on looking through the eye-tubes, they are seen united into a single 
picture, and the object or objects, if a proper amount of light is 
obtained, stand out with an almost magical appearance of relief and 
solidity. For opaque slides, a mirror may be used, and made to move 
on a hinge, so as to throw light into the instrument. The employment 
of photography for the stereographs has wonderfully extended the 
range of the instrument. 

The quarter- or semi-lens may also be used in the binocular camera. 
And here we may state the advantage of dividing the lenses. Whole 
lenses were originally used ; but as the outer half of each lens is useless, 
as the eyes only look through the inner halves; moreover, as it is 
impossible to give two lenses precisely the same focal length and 
magnifying pire it was found to be more accurate, and even cheaper, 
to cut each lens into halves or quarters, and to shape each or 
quarter into a round dise, with the thin part of each turned inwards 
in the instrument. In this way a single lens could be made into one 
semi-lens or two quarter-lens stereoscopes, It is evident that these 
portions, cut from the same Jens, must have the same focal length and 
magnifying power. It is by means of these semi- or quarter-lenses that 
the stereoscopic effect is produced, though they do not themselves pro- 
duce that effect. What they accomplish is the transference of the two 
dissimilar pictures or stereographs to a middle point, The union of 
these two pictures, or their su ition on that middle point, 
produces the stereoscopic effect. [Srcut.] The half- or quarter-lenses 
are placed 24 inches apart, corresponding to the distance between the 


eae the various forms of the instrument, we may mention 
Smith and Beck’s achromatic stereoscope; the reflecting stereoscope ; 
Claudet’s e; and Skaife’s pistolograph, consisting of a 
combination of lenses of small size (one inch in diameter, and the 
focal length of the combination one inch). In this last instrument 
the thickness of the glass through which the light passes is small, and 
hence the actinic rays are’so powerful that a photograph may be taken 
almost in an instant, and is not liable to the errors which the use of 
fangs bane oecasions. The small pictures, or pistolograms, as they are 
called, may be magnified by an enlarging camera. e small picture 
may also be inclosed between two plates of glass, and raised to a tem- 
perature sufficient to fuse the three glasses into one, effectually pro- 
tecting the picture from the presence of the air, and forming what is 
called a chromo-crystal, : 
From what has been said, it will be gathered that the truthfulness 
of tife stereoscopic picture must depend mainly on the character of the 
dissimilar pictures or stereographs. Stereographic portraits are usually 
taken with cameras contrived for the purpose. In order to take stereo- 
graphs of landscapes, buildings, statuary, &c., the ordinary landscape 
camera is employed ; the camera being removed, after the first picture 
is taken, to a position parallel to that just occupied, and at an equal dis- 
tance from the principal object, but more or less distant from the first 
position in proportion to the ce from the object to be repre- 
sented. The stereoscopic angle, as it is called, has been laid down at 1 
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in 25 for objects 50 feet or more distant; some have even recom- 
mended that the camera should be removed to a distance of 4 feet in 
order to take views of an object only 20 feet distance. But the effect 
of such an t is obviously to make one picture represent 
much more of the t side, the other more of the left side, of an 
object falling within the field of vision, than could be seen by a person 
standing, say midway, between the two positions. And the two pic- 
tures so taken must, when united in the stereoscope, present an e: 
rated and therefore untrue representation. In fact there will be, w 
is so commonly seen in the an unnatural appearance of 
separation between the chief object and the accessories. You see 
round the figure in fact, just as in life you see round a statuette or 
small model ; and hence there arises that detached model-like appear- 
ance which is often, and very properly, objected to in stereoscopic repre- 
sentations. What the stereoscope ought to show is, the representation 
of an object or objects in nearly the same relative solidity, relief, and 
on as the reality possesses; and that is what the stereoscope 
would exhibit if the stereographs were taken, as they ought to be, and 
as the most successful (though not the most popular) are taken, from 
positions little, if at all, exceeding that of the eyes apart. The great 
importance of strict accuracy in views of countries beyond the reach of 
the ordinary traveller, of antiquities, objects of special scientific and 
archeological interest, &c., will be at once acknowledged; and the 
value of the stereoscope for affording such representations in their 
attainable ection is daily becoming more apparent. 

STEREOTYPING. [Parsrrss.f 

STERLING, a word applied to all lawful money of Great Britain. 
In ary he work on ‘Coinage,’ vol. i, p. 13, 4to. edit., the various 
supposed derivations of the word are given. Ruding says, “its origi 
and derivation are still unsettled ;” but he inclines to attribute it to an 
abbreviation of Esterlings, people of the north-east of Europe, some of 
whom were employed in the 12th century in regulating the coinage of 
England. But, looking at the facts that sterling meant a penny, not a 
species of coinage; that it was used in Germany, and in Scotland 
before Eastern coiners were employed in E id; that it is spelt 
starling by some, as by Spelman, and estellin by some of the French 
writers, we reject the derivation above, and agree with Polydore 
Vergil and Bishop Nicolson in deriving the name from the little stars, 
which were very common on the penny coins. (See the Companion 
to the sues te 1856.) 5 

STERLING'S RULES (or Simpson’s Rules). Useful formule used 

incipally in estimating the “displacement” of a ship when afloat, 

ey are derived from the equation to the parabola, and have been 
already noticed under Sure, 

STERN, [Sure.] Z 

STERNUTORIES, called also Ptarmies, agents which cause sneezing. 
The most familiar are snuffs of different kinds, many of which cause 
likewise a flow of the natural secretion from the nose, when they are 
termed errhines, [Errutnes.] Sternutories are chiefly employed to 
occasion a violent succussion of the frame, either to restore suspended 

iration, as in some cases of fainting, or to dislodge some foreign 

ly from the nasal passage or windpipe, or more rarely to cause the 
bursting of abscesses in the tonsils, They are also used to avert 
impending fits of hysteria or epilepsy, or to terminate prolonged hiccup. 
Their use requires caution in individuals disposed to apoplexy or 
affected with rupture. They are generally improper for t 
women and young children. They occasionally excite too violent and 
continued sneezing, which may be controlled by creasote; breathing 
diluted carbonic acid; putting a sinapism round the throat; or 
ae) chloroform. 

STETHOSCOPE, [Avscutatton.] 

STEWARD, LORD HIGH, OF ENGLAND; one of the ancient 
great officers of state. Under the Norman kings and the early kings 
of the Plantagenet line it seems to have been an hereditary office. 
Hugh Grentmesnil held the office in the reign of Henry IL, and it 
passed with his daughter and co-heir in marriage to Robert de Bello- 
mont, who was Earl of Leicester. Robert’s son held it, on whose death 
without issue it passed to the husband of his sister, the elder Simon 
de Montfort, who had also the dignity of Earl of Leicester. From him 
it passed to his son, the second Simon de Montfort, who was slain at 
the battle of Evesham in 1265. This high dignity then reverted to 
the crown, but was immediately ited to Edmund, king Henry the 
Third’s younger son, together with Montfort’s earldom of Leicester, in 
whose descendants, the earls of Lancaster and Leicester, it continued, 
and in the person of Henry the Fourth, who was duke of Lancaster, 
was absorbed into the regal dignity. 

From this time no person has been invested with this high dignity 
as an heritable possession, or even for his own life, or quamdiu se bene 
gesserit ; but only for some special occasion, the office to cease when 
the business which required it was ended ; and this occasion has usually 
been when a person was to be tried before the House of Peers. 
Before this court a peer may be impeached for treason, felony, mis- 

ion of treason, and misprision of felony ; but a commoner only for 
misdemeanors, and not for any capital offence. The lords are 
summoned to appear, and the decision is by a majority, but no con- 
viction can pe spe unless the majority consist of twelve or more. 
The spiritual | may be present at the trial, but cannot vote. On 
such occasions there is a lord high steward created, who presides, and 


when the proceedings are closed, breaks his wand, and dissolves the 

court; but if the trial ped evr during the session aR amy 
though a lord steward is appointed, it is not considered as his court, he 
having none of the functions of the judge, only voting with the rest as 


a , although he presides. 
WTIBDIAMYL. ORGANOMETALLIC Boptes.] 
STIBETHYL, [(Orcanomeratic Bopres.] 


STIBMETHYL. [Oncanometatuic Boprgs, 
STIBTRIAMYL, pe Boptes. ocd by the 
STILBENE. (C,,H,,) A crystalline produ 
distillation of the hydride of sulphobenzoyl. Thionessale (CysH,,S,), 
another white ine body, is also uced at the same time. 
STILBESOUS ACID. A product not fully investigated, obtained 
"by the action of chlorine upon essence of bitter almonds. 
STILBIC ACID. east OM 
STILBYL. (C,,H,,0,). h etical radical of a small 
of organic compounds of which following are the names 
formule :— 


Benzin or hydride of stilbyl A , Casta 10 } 
Benzile , . . . . . « « Coglt, ,O, 
Benzilie acid, stilbylic acid, or stilbie acid, C#sti106 Jo. 


Chloride of stilbyl . . «6 - Caste} 


STILBYLIC ACID. [Srivpyu.] 

STILLIS TARIC ACID. A crystallin acid obtained by 

STILL RI x ine organic acid o 
the saponification of the vegetable fat expressed from the fruit of the 
Stillingia sebifera. “rs 

STIMULANTS or E£zxcitants (in medicine), agents which increase 
vital action, first in the to which they are applied, then of the 
system generally, and perhaps ultimately of some pachiones Saee 
and when this organ is a gland or secreting organ, a or 
augmented secretion is observed. The nervous system seems to be 
the part which they chiefly influence, and thro it the vascular, 
ao pat aesg: Ragecore pe muscular. This is well seen in the simple effect 
following the employment of ammonia in a fainting fit, re the 
application of the vapour of ammonia, or its carbonate (smelling salts) 
to the nostrils, stimulates the brain, and so restores the heart's action, 
by which the circulation is resumed, and all on it 
vivified. Aromatic vinegar, acme f galvanism, the sudden 
application of cold, especially ali with heat, and chlorie ether, 
have a like effect, / 

The agents which constitute this class, though often confounded 
with others, are perfectly distinct; differing from all by their sensible 
qualities, their chemical composition, the nature of th i 


They are often confounded with tonics  ainponctee 4 cs, 
and even narcotics, to all of which they have relations of , but 
are not identical with any. In so far as they both act on the neryous — 
system, they have most affinity with antispasmodics [AnTISPasMoDIcs], 
but differ from them inasmuch as stimulants increase the actions 
which are natural to the different organs of the body ; while antispas- 
modics allay or diminish inordinate or abnormal action. Nearly the 
same may be said of the distinctions between them and narcotics — 
{Narcortcs], for though the increased action excited by an agent of 
this class, if extreme or long continued, is followed by a greater or less 
degree of collapse, still this is very different from that which follows 
the employment of a narcotic, which is much , as well as more 
speedy. Certain articles, such as opium and alcohol, may be made to 
act in either way; but while opium is not unfrequently used to stimu- 
late, alcohol is never used medically as a narcotic, though the coma 
and stupor which ensue from an excessive dose of it are as profound, 
and often as fatal, as from an overdose of opium. 

Above all, stimulants are most frequently confounded with tonics 


but in operate 


“ee 


but 
Tonics render the digestion more perfect; stimulants eye it: 
moreover, most tonics must be themselves di before system 
can benefit by them ; while stimulants display their effects as soon as 
peed touch the lips or reach the stomach. In many fevers cinchona 
bark produces no abatement of the symptoms for which it is usually — 
prescribed, as the stomach is too weak to digest it; but capsicum or 
pee pepper given along with it, so rouses the stomach that the 
febrifuge power of the bark is then manifested. A 
Stimulants are of two classes: one comprising medicinal subx 
stances; the other, warmth, cold, electricity, galvanism, and mental — 
agents, such as music (when lively), joy, hope, &c. Many of the latter — 
class have been already of {Barnie ; Exxorriorry ; Gat- 


STIVER. 
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‘VANISM] ; of the others, the effects are too familiar to require notice, 
except to recommend the practice of encouraging the hope of a favour- 
able issue to his complaint in the mind of a patient, in all cases not 
desperate, as cherishing this feeling greatly increases the chance of 


danger is to be obviated, as 
in cases of fainting fits, or when ive poisons are to be antagonised. 
In these latter inst:nces, ammonia, alcohol in some form, or sulphuric 
ether, are commonly had recourse to. Permanent stimulants are 
ly volatile or essential oils, pure, or in the combinations in 
which they exist in roots, barks, or flowers, and are often highly 
aromatic ; malt liquors may also be classed with permanent stimulants. 
The precise stage in the progress of fevers and other acute diseases, 
when antiphlogistic or reducing measures should be abandoned, and 
stimulants substituted, is the nicest point that a medical attendant is 
ever called upon to decide ; and nothing more clearly distinguishes the 
— practitioner than his correct determination of this point. 

+ may be safely asserted that more cases are lost by a premature use 
of them than by delay, as the numerous relapses in fever testify. 
All persons recovering from severe diseases are almost in the condi- 
tion of newly born children, in whom the irritability and excitability 
are very great. These should not be violently acted upon, but on the 
contrary they should be treated with the utmost gentleness and care. 
Sleep is a more useful restorative than any other. Stimulants are more 


l 


ially green, given in small quantities, every hour or two, 
the case may point out. 

A useful stimulant is furnished by coca, the leaf of lon 
coca (Lamarck), a shrub native of South America, Its power of enabling 
the Indians to sustain prolonged fatigue, either on journeys or while 
in mines, has been long known. It has only lately been 
Europe. Its utility seems manifest in cases of nervous 
exhaustion from over-study or long fasting. A few grains chewed, or 
an infusion of varying strength according to the necessity of the case, 
wards off fatigue and assists respiration. But too much caution can- 
not be observed, lest a habit should be acquired, not less pernicious 
than the abuse of opium or alcohol. (See Péppig’s Travels in Peru, 
an extract from which is in Companion to Botanical Magazine vol. i., 

. 161, and with jig. vol. ii, p. 25; Weddell’s Voyage dans le nord de 
be Bolivie ; Johnston, Chemistry of Common Life, vol. ii., p. 137, and 
The Technologist, vol. i., p. 255.) 
STIVER. [Movyey.] 
, in Fortification, is the name given toa wall constructed 
by planting upright in the ground squared trunks of trees, or rough 
piles of timber, so as to enclose an area which is to be defended. The 
trunks or piles are planted close together ; and at intervals of three 
feet from one another loopholes are cut them, or notches a 
few inches long are cut down, vertically, from the top, through 
which the defenders may direct a fire of musketry on the assailants. 
An inclosure of timber so planted is sometimes called a Palanka, 


from a name which is said to have been given by the Turks, when 
they first entered Europe, to their field-redouts or small entrenched 
camps. 


Stockades are still frequently constructed as temporary fortifications 
in countries which abound with timber, as in North America and the 
East Indies; and among uncivilised nations, these, and rude parapets 
are the only kinds of fortification which have been executed. 
also, in general, the means employed by ancient armies 
besieging towns, to protect themselves or to prevent the escape 
garrison. The walls with which the Peloponnesians surrounded 
Platea during = siege and the blockade of that city were stockades, 


works consisted of trunks of trees planted close together, with a small 
inclination towards the interior ; and that at intervals from one 
- another, particularly at the angles of the works, there were scaffolds 
whose heights from the nd were three feet less than that of the 
top of the wall, so that the defenders were able to see the ground at 
the foot of the wall while they were concealed from the view of the 
. In the interior there was usually a hollow place, in which the 
women and children, with the provisions, were deposited. The pahs 


are on the summits of heights, and they are sometimes 
by outworks of a similar nature. Those of most recent 


On the frontiers of the United States of North America, during a 
war, stockades consisting of roughly-hewn trunks of trees planted close 


together in upright positions and pierced with loop-holes for musketry, 
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are very frequently constructed for the purpose of inclosing an area 
which is to be defended; and at each of tha seaten of Gatnekwure a 
sort of blockhouse, serving asa bastion to flank the stockade, is con- 
structed with very thick logs of timber placed horizontally: these 
block-houses are sometimes formed with an upper story, the angles of 
which project over the sides of the lower one, so that by loop-holes in 
the projecting part of the floor a fire of musketry may be made upon 
the enemy when at the foot of the wall. . 

STOCKINGS. [Hosrery Manuracture.] 

STOCKS, a term applied to the various “ Funds” which constitute 
the national debt. Each proprietor.of stock may transfer his interest 
to others by sale. When the transfer is effected by a broker he must 
be authorised by a power of attorney from his principal, the stamp- 
duty on which is 21s. 6d.; and the document may be so drawn as to 
empower him both to buy and sell stock and to receive the dividends 
for the person by whom he is commissioned. Few persons buy or sell 
stock except through the medium of a broker, but the general practice 
is to receive their dividends themselves. The purchaser acquires the 
dividend due upon the stock for the current -year, and thus at one 
point there will be a sum of 29s. 4d. due on three per cent. stock, and 
a fortnight afterwards only 1s. 8d. On the bargain being completed, 
the parties repair to the Bank to transfer the stock. “ For this pur- 
pose the seller makes out a note in writing, which contains the name 
and designation of the seller and purchaser and the sum and descrip- 
tion of the stock to be transferred. He delivers this to the proper 
clerk, and then fills up a receipt, a printed form of which, with blanks, 
is obtained at the office. The clerk, in the mean time, examines the 
seller's accounts; and if he find him possessed of the stock proposed 
to be sold, he makes out the transfer. This is signed in the carey 
the seller, who delivers the receipt to the clerk; and upon the pur- 
chaser’s signing his acceptance in the book, the clerk signs the receipt 
as witness. It is then delivered to the purchaser upon payment of the 
money, and thus the business is completed.” (Dr. Hamilton, ‘ History 
of the National Debt.’) 

Bargains in stock are transacted in the Stock Exchange, in Capel- 
court. All the more respectable brokers are members of the Stock 
Exchange, into which association they are elected annually by ballot ; 
but many of the jobbers, who are not members and carry on their 
transactions outside the exchange, are said to be persons of wealth. 
The governing body consists of a committee of twenty-four, also elected 
by ballot. e established rate of brokerage is one-eighth per cent. 
(or 2s. 6d. in the 100/.) upon the amount of stock transferred. 

The dividends on all descriptions of stock are due half-yearly, either 
on the 5th of January and 5th of July, or on the 5th of April and 
10th of October, and are paid about a week afterwards; and for about 
six weeks previously, the books at the Transfer Office being closed, 
transfers cannot be regularly made. The transfers on each stock are 
effected at other times only on certain days in the week, which may be 
ascertained by a reference to any almanac, 

The bargains for time form a very important portion of the business 
of the Stock Exchange. They are bargains to deliver stock on a cer- 
tain a at a certain price, the seller of course believing that the price 
will fall, and the buyer that it will rise. When the period for com- 
pleting the bargain ta arrived, a settlement is usually effected without 
oy hs groe ot stock, the losing party simply paying the difference, 
“ These ins are usually made for certain days fixed by a com- 
mittee of the Stock Exchange, called settling days, of which there are 
about eight in the year, namely, one in each of the months of January, 
February, April, May, July, August, October, and November; and 
they are always on Tuesday, Wednesday, Thursday, or Friday, bei 
the days on which the commissioners for the reduction of the natio 
debt make purchases. The settling days in January and July are 
always the first days of the opening of the bank books for public 
transfer; and these days are notified at the bank, when the books are 
shut to prepare for the dividend. The price at which stock is sold to 
be transferred on the next settling day is called the price on accownt. 
Sometimes, instead of closing the account on the settling day, the 
stock is carried on to a future day on such terms as the parties agree 
on. This is called a continuation.” (Dr. Hamilton.) A defaulter, in 
the language of the Stock Exchange, is termed a “ lame duck,” and his 
name is posted for a certain time in the great room. The sellers of 
time bargains are also technically called “bears,” and the buyers 
“bulls ;” the interest of the former being to beat down prices, and of 
the latter to raise them. : 

Stock of a high denomination may usually be bought cheaper than 
that of which the nominal interest is lower; and it is therefore the 
most advan for temporary investment. There is always a A ong 
bability that the stock bearing the highest rate of interest will be 
reduced by the government when a favourable occasion presents itself ; 
but the price of any one stock may be taken pretty nearly as an indi- 
cation of the prices of the rest. The fluctuation in the price of stocks « 
generally may be traced to an almost infinite variety of causes—to the 
abundance or scarcity of money, and the opportunities of employing it 
to advantage in mercantile speculations; to the rumours of a new 
loan, or of the imposition of a fresh tax, or even the repeal of a tax; 
to rumours of war; and to innumerable other circumstances relating 
to the trade, finance, and other domestic affairs of the country. In 
1797 the Three per Cents. were reduced to the lowest pent which 
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they have ever reached (473) by the success of the French armies, 
combined with adverse circumstances at home. § 

Besides the English funds, shares in many descriptions of foreign 
stocks, which have been created by loans raised in this country, are 
constantly for sale in the money-market, as are also shares in railway, 
canal, mining, and numerous other similar speculations. : 

STOCKS, in Horticulture, are young trees which are designed for 
the reception of the grafts or buds from other trees. The process by 
which a part of one tree is transferred to another is called grafting or 
budding [Grarrrno], and the object attained by it in gardening is the 
securing the continuance and multiplication of an individual plant 
that may possess peculiarities deemed worthy of preservation. It is 
by this process that the great number of varieties of cultivated fruits 
are preserved with remarkable integrity, and by which a constant 
improvement may be ensured. - 

Stocks are for practical purposes divided into three kinds: crab 
stocks, free stocks, and dwarf stocks. Crab stocks are those which are 
grown from the seeds of wild and ungrafted trees, as the cherry, plum, 
apple, &c, These stocks are commonly used where a large and hardy 
growth is desirable. In the selection of wild stocks, those which grow 
cleanest, and are freest from irregularities of the stem and defects in 
the bark, should be chosen. Free stocks are those which are raised 
from the seeds or layers of fruit and orchard trees which have been 
grafted. These stocks are found desirable when the object of grafting 
is to obtain choice varieties of apples, peaches, nectarines, apricots, or 
plums. Dwarf stocks are those which are raised from low-growing 
shrubby trees. They are used in the grafting of low-standards for 
small gardens, also for wall-trees, and espaliers. 

Stocks are raised in nurseries from seeds, suckers, layers, and 
cuttings. When raised from seeds, they should be sown in the 
autumn, in beds of common light earth: all lateral branches should 
be cut off as they grow up; and, according to circumstances, they will 
be fit for grafting in one, two, or three years. Stocks may be used 
when they have attained the size of a goose-quill, up to that of a man’s 
finger. hen stocks are wanted expeditiously, they may be produced 
from suckers taken up and planted in the autumn, when they will be 
ready for use the following July or August. They are not often raised 
from layers and cuttings. 

In the selection of stocks, not only is care required that they be of 
the same kind as the graft or scion, but that there is a proper relation 
between the rapidity of their growth according to the objects wished 
to be attained. When the growth of the scion is more rapid than that 
of the stock, it will sometimes die. This is the case with peach-trees 
budded on plum-stocks and pears on the hawthorn. At the same 
time, when trees are naturally too luxuriant in leaves and. branches, 
they may be dwarfed in their growth and made fruitful by placing a 
scion from them on a stock that grows slower than themselves. In 
this way apples may be dwarfed by being grown on paradise, pear, 
or quince stocks. 

It is frequently desirable to select those stocks which are hardier 
than the scion, for the purpose of ensuring the growth of the latter. 
Not that the stock has any power of communicating hardiness to the 
scion; but those stocks that are accustomed to colder latitudes will 
supply a sufficient quantity of sap, and be able to resist the influence 
of a decrease of bottom heat. The kind of soil in which a stock grows 
has also much to do with its being adapted for the growth of certain 
scions, Thus the crab has been found best for the apple, the wild 

ar for the cultivated pear, the almond for the plum, and the mahaleb 
Por the cherry, on chalky soils. But the stock also has the power 
of deteriorating the fruit; the austere plum and the crab will not im- 
prove the peach or the apple of the scion which may be grafted on 
them. Some gardeners therefore recommend stocks of what they 
term an ennobling character ; that is, of a species as good as that of 


the scions they are to bear. Apricots, currants, and gooseberries are | 


stated to have been greatly improved by this process. 

STOCKS, a wooden machine formerly much used for the punishment 
of disorderly persons by securing their legs. The time when they were 
first used in England does not appear; but in the second Statute of 
Labourers, 25 Edw. IIL, 1350, in the octave of the Purification, it is 
enacted that refractory artificers shall be put in the stocks by the lords, 
stewards, bailiffs, or constables of the towns where their offence has 
been committed, by three days; or sent to the next jail, there to 
justify themselves ; and that stocks be made in every town for such 
occasion between that time and the feast of Pentecost. (‘ Rot. Parl.,’ 
ii., 234.) In 1376 the commons prayed the king for their establishment 
in every village, (Ibid., 341.) 

In ‘ King Lear,’ act ii., sc, 2, Shakspere has introduced the stocks 
upon the stage. Farmer, commenting upon the passage, says: ‘It 
should be remembered that formerly in great houses, as still in some 
colleges, there were moveable stocks for the correction of the servants.” 
The stocks are still to be seen in some country places, and are not 
wholly disused. 

STOLE, originally a long vestment, a matron’s robe, from the Latin 
stola, and that from the Greek orodf. Pitiscus, in his ‘ Lexicon 
Antiquitat, Roman.,’ has a long article upon the stola, ag worn by the 
ancienta. 

In later times stola was the term more particularly applied to a 
broad strip of cloth or stuff, with three crosses upon it, worn by priests 


of the Romish church as a sacerdotal vestment, with whom it was 
also called Orarium, “ Orarium est stola,” says Lyndwood, in his 
‘ Provinciale, “ qua sacerdos in omni obsequio divino uti debet, et suo 
collo imponitur ut significet se jugum Domini suscepisse.” 

The stole or orarium, according to Palmer (‘ Origines ye aml 
vol, ii.) has been used from the most primitive ages by the 
clergy. It is spoken of by the first council of Braga, a.p. 563; by 
Isidore Hispalensis, a.p. 600; the Council of Laodicea, in Phrygia, 
A.D. 360; Severianus Gabalitanus, in the time of C tom; and 
many others (see Bingham’s ‘ Antigq.,’ b. xiii., e. 8, § 2; and Gerberti, 
‘ Liturg. Aleman.,’ tom. i., p. 240); and it has been continually used 
by all the churches of the west and east, and by the Monophysites of 
Antioch and Alexandria, “The stole,” says Palmer, “always called 
'‘Npdpiov by the Greeks, was fastened on one shoulder of the deacon’s 
albe, and hung down before and behind. The priest had it over both 
shoulders, and the two ends of it hung down in front. The Eastern 
churches call the stole of the priests éritpaxyfAwr. Thus simply were 
the dresses of deacons and priests distinguished from each in 
primitive times.” . 

The pall of the metropolitans was originally only a stole wound 
round the neck, with the ends hanging down behind and before. 

That the word ‘ stole,’ in the sense of a sacerdotal vestment, was of 
early adoption into the English language, appears from the ‘ Saxon 
prepare tas the year 963, when Archb ; — at the time 
of personally con 4 8 it 0: to the monastery 
of Peterborough, added that he Himself gave, among other vestments, 
his stol to St. Peter. 

STOMACH, DISEASES OF THE. The tissues of the stomach 
be the seat of various pathological states, producing sym w 
are often referred to the general head of d i 
This diseased condition is, however, but a gen 
sion of a variety of symptoms 
of the organ. The morbid states of the stomach have been eg | 
studied with great care, by the medical men both of this coun’ 
the continent. The principal structural morbid conditions the 
stomach to which attention need be drawn are: 1. Softening. 2. 
Degeneration. 38, Congestion. 4. Inflammation, 5. Ulceration. 6. 
Cancer. At the same time a variety of symptoms come on indicative 
ofa change in the functions of the stomach, and which may occur 
quite independent of any of the above structural 
pene the most remarkable of these functional derangements are the © 

‘ollowing :— 

1. Vomiting, which may come on from a disordered state of distant 
organs, as of the brain, liver, lung, uterus, testicle, and other parts, 
This symptom is produced by the reflex action of the nervous system, 
In the majority of instances in which vomiting occurs, it is uced 
by the morbid condition of some other organ. It should, therefore, 
always lead to the investigation of other organs, as attempts at arrest- 
ing it Det not be successful till the cause is be kt y+ 

2. Deficient secretion of Gastric juice—Many dyspeptic ptoms 
are directly traceable to this cause. It is accom: Had with & pings Gl 
weight and oppression at the pit of the stomach. The food remains 
ne: ig in the stomach, and frequently decomposes, giving to the 
breath an unpleasant smell. This state requires for its treatment the 
administration of stimulants of the gastric function. Hydrochloric 
acid increases the secretion of the gastric acid, and pepsine, the active 
principle of the gastric juice, has been recommended as a remedy. 

83. Fermentation of the Food.—The food may be variously decomposed 
according to the state of the stomach, and sometimes one change comes 
on and sometimes another. Without any apparent cause in the 
stomach itself, a fermentation comes on in the food, attended with the 
development of a large quantity of earbonie acid gas, and which is 
also accompanied with the presence of a minute plant, first discovered 
by Professor Goodsir of Edinburgh, and called by him the Sarcina 

entriculi, This state comes on when distant organs are affected, or 

in a general state of the system which must be attended to for cure, 
4, Indigestion, or any d ent of the function of diges- 
tion, dependent on morbid states of other organs, either connected 
with the stomach, as the salivary glands, the liver, the pancreas, or the 
bowels, or upon derangement of organs more distant, as the kidneys, 
brain, &¢., or upon gluttony or drunkenness. This functional derange- 
ment is cured bi Seve removal of the cause. [DysPrpsta.] 

The general ters of the structural diseases of the stomach are 
as follows: Softening of the mucous membrane of the stomach 
may occur during life as the result of the action of the gastric acid 
ng the membrane, or it may occur from the same cause after death. 
The latter form is very frequent, and was formerly regarded as an 
indication of structural change during life. ing of the stomach 
occurs during life in wasting diseases, in which there is a great depres- 
sion of the vital powers, as in typhoid fever, cancer of the womb, 
peritonitis, and tubercular disease of the brain. It more frequently 
occurs in the latter disease among children, than in any of the 
of adults. This disease is accompanied with great disorder of the 
digestive functions, pain and tenderness of-the epigastrium, loss of 
appetite, thirst, vomiting, and nausea, 

Degeneration occurs in the glandular structure of the proper mucous 
substances of the stomach, is the most common of the structural 
diseases of the stomach, In these cases either the gastric follicles are 
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destroyed, or the cells in their interior become changed, or the 
tissue the follicles is charged with fibrinous and other deposits, 


in the » Oppression food, and frequently 
anemia and cased actiity This morbid state may prevent 
altogether the ee food in the stomach ; but the digestive 
functions of es nay become more active, and the general 
i must suffer. It is not however unfrequently 
the case that the intestinal mucous membrane is affected in the same 
way as the stomach, and then the general symptoms become more 
treatment of these cases the object should be to 
relieve the stomach of its digestive duties as far as possible. Albu- 
be taken in small quantities and frequently. 
soda and potash may also be advantageo 
employed 80 as t0 facilitate the passage of the food out of the sto 
before digestion commences. 
Congestion of the blood-vessels of the stomach occurs as the result 
of any mechanical impediment which prevents the blood returning from 
the stomach towards the heart. It occurs in disease of the liyer and 
spleen, and leads to the deposit of melanic matters in the mucous 
membrane, and to degeneration of the tissue. One of the consequences 
of congestion is the effusion of blood into the stomach, and its 
by vomiting. This disease is called hamatemesis. In the 
treatment of this form of disease efforts must be made to remove its 
causes, Astringents, as sulphuric acid, tannic acid, and acetate of lead 
with opium may be given. Sometimes congestion of the stomach 
occurs a8 the result of the suppression of some natural discharge. 
Inflammation of the stomach or gastritis is a very rare disease. 
Tt is commonly seen as the result of the introduction of poisons 
into the stomach, and also from the Les gietge Ml Icoholic 
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dest and most 


easily digested kind must be administered, and leeches may be applied 
to the epigastrium. Iced water and lumps of ice should be freely 


pain inthe back. Vomit- 
The treatment of 


should be administered, and the salts of iron may be prescribed with 
astringents should hemo supervene. 

Cancerous ulceration of the stomach is not easily distinguished from 
simple ulcer during life, and requires the same treatment. It is not 
so frequent as is sometimes su; Dr. Brinton states that not 
more than one per cent. of fatal cases of ulceration of the stomach are 
due to cancer. Cancerous ulceration is most frequently seated at the 
orifices of the stomach. 

(Aitken, Handbook of the Science and Practice of Medicine ; 
Chambers, On Digestion and its 3 Watson, Lectures on 
the Practice of Physic; Bennett, On the Principles and Practice of 
Medicine. 
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STONE FOR BUILDING. There are few practical questions 
belonging to the building arts of more i than those connected 


Lost 7 dimensions, and of great transverse strength 
architecture assumes an imposing “ 
prefer the horizontal to the vertical line: where stone of small dimen- 
sions is used, vaulted construction, heavy piers, and the minute style 
of ornamentation (which or accompanies the use of the rendering 
coats, almost necessaril: on suc geen vee ig ine: | 
traced as the external of the architecture adopted ; an 
the horizontal line habitually disappears in favour of the arch, or of 
the vertical line: where stones are easily worked, florid ornamentation 
is adopted; where they are hard, and comparatively ble, 
massive, and sometimes clumsy forms are adhered to, The durability 
of the stones, and their capacity of rh ing fine sculpture, moreover, 
must materially affect the decision of t tect with respect to the 
amount of decoration to be employed on them, and to the choice of 
the mode in which they are to be treated; for it must evident. 
be absurd to time and money on the decoration of materi 
which are of rapid or of unequal decay, The resistances of 


is state is attended with severe dyspeptic symptoms, nausea or- 


stones to crushing forces have likewise a marked influence upon the 
style of building they are capable of receiving; for that style is often 
light, or massive, in proportion to the resistance, provided peed that 
the labour in the conversion of the stone should offer little resistance 
to what may be called its plastic treatment. The colour of stones has 
also an influence upon the esthetical effect of a building ; and it, 
therefore, becomes in its turn a matter of importance to the architect, 
both on account of the original. colour, and of its possible modi- 
fications. 

A good building stone must possess, then, great powers of resistance 
to crushing, and ing, weights; it must be even in its grain, and 
able to furnish large blocks; it must not contain ‘elements which 
are susceptible of decomposition by reason of the atmospheric action 
upon them, or of their mutual reactions upon one another ; it must be 
non-absorbent of water, or of vapour, to a certain extent (but only to 
a certain extent, as will be shown in the sequel); and, as far as 
possible, be of a homogeneous nature. As a general rule, the denser 
stones are more durable than the lighter ones; but this law only holds . 
ay when their structure is of a permanent and of a crystalline nature. 

e stones which are of a massive character from top to bottom of the 
quarry-bed are usually more durable than the foliated, or fissile materials 
of the same description; and the crystalline stones are almost always 
superior to the amorphous ones, both in appearance and durability. 
The granites, quartz rocks, and transition marbles furnish the most 

ing building stones, though even they are occasionally subject to 
destructive actions of peculiar natures; the sandstone conglomerates, 
and the sandstones partially metamorphosed by the vicinity of plutonic 
rocks, are more durable than the limestones; whilst of the 
latter, the stones presenting a crystallisation are far superior to 
the saccharoid marbles, or to the amorphous earthy-textured stones. 
The clay slates, which perhaps can hardly be considered to be building 
stones, present singular powers of resistance to atmospheric agents, 
after they have been exposed to the action of plutonic rocks; and the 
magnesian limestones, when selected from the crystalline varieties, are 
of great practical value. When stones are mainly composed of organic 
remains united by a more or less erystalline cement, or when they are 
composed of materials having different rates of expansion, there are 
great probabilities of the occurrence of rapid decay, and materials of 
this description should be avoided for external uses. 

In the article ArmospHERtC INFLUENCE will be found a short review 
of the present state of our knowledge with respect to the resistance of 
building stones to the i causes of decay presented by that 
agent. There are other causes occasionally at work, however, to which 
it may be advisable to call attention, for the stability of a building may 
often depend on their action. Thus in bridges, it is found that some 
stones do not satisfactorily resist exposure to tidal immersion, though 
they may stand,as workmen say, very well when kept constantly either 
wet or dry ; the Portland stone is an illustration of this remark. Other 
stones again may stand well in fresh water, but they disintegrate in 
salt water ; others may stand well in the atmosphere of the interior of 
a country, and yet yield rapidly on the sea shore, or in certain towns, 
Some stones resist the action of fire, such as the commonly-called fire- 
stones of the subcretaceous series; whilst the limestones, and the 
ordinary sandstones, are very injuriously affected by great heat; and 
are either partially calcined, or split and cracked by it in a manner to 
destroy their powers of cohesion, Where the stones employed are 
intended to receive heavy crushing loads, they must be selected from 
amongst the denser varieties; and the i of the stone work 
of a building which might take up water by capillary action must 
be executed of such mee as should limit its range and its 
chemical effect, And here it may be as well to remark that, although 
in positions of this kind, the non-absorptive Mee td of a stone are great 
recommendations for its use, yet that in the Peat wall spaces of the 
u structures externally, and in floors and wall linings internally, 
there is a disadyantage in the use of the decidedly non-absorbent 
stones. They are in fact rapid conductors of heat, and if any moisture 
should exist in the atmosphere it condenses on their surfaces in a 
manner which is unsightly, and often injurious to the health of the 
inhabitants of the building wherein this phenomenon occurs. Some 
stones are exposed to a very disagreeable action from the efflorescence 
of the salts they may contain; others again part with their consti« 
tuents ina manner to compromise the solidity of the mass, and eyen 
to produce injury to the materials around them, as for instance, in the 
case of the magnesian limestone, which under the action of London 
rain parts with the sulphate of magnesia in such quantities as to 
destroy, upon its subsequent efflorescence, the materials into which it 
filters, It would seem, moreover, that some of the limestones are 
liable to chemical changes of a iar nature; for the marbles, 
such as the Carrara marble, pass from the suberystalline to the 
saccharoid state on exposure to gentle heat, or to the effects of 
the atmosphere ; whilst on the o hand, the Portland stone, and 
other varieties of the carbonates of lime, which have not been affected 
in situ by plutonic agencies, harden by exposure. It may be that in 
the former case, the water of crystailisati m evaporates; and thus 
allows the base to resume an amorphous character ; and that in the 
latter, the hardening proceeds from the change in the proportions of 
carbonic acid present, the stones being originally protocarbonates of 
lime, and subsequently passing into the percarbonates. The best sandy 


STONE FOR BUILDING. 


a a i 


STONE WORKING, 810 


stones-also harden by exposure to the weather ; and it may be observed 
that this porn: * process takes place the most rapidly when the 
water taken up by the sandstones may contain any lime in solution. 

The resistance of building stones to physical forces depends greatly 
upon the homogeneous nature of their , and the direction of their 
planes of stratification and cleavage ; resistance to disintegration 
and decay depends also very much on the same causes, especially when 
the stones are employed in buildifgs. Thus the stones which have 
been produced by the deposition of diluvial, or alluvial currents, 
present distinct traces of belding, in consequence of the inequalities in 
the transporting powers of those currents at particular periods ; and if 
those stones should be used in such a manner as to leave the planes of 
bedding vertical, and parallel to the exposed face of the building, they 
would be exposéd to exfoliation of a very dangerous character. The 
stones which have been produced by the deposition of substances in 
suspension in former oceans, such as the oolites, the chalk, and the 
freshwater, or marine limestones of the tertiary series, often have 
planes of bedding produced by the periodic abundance of the animal 
remains they may contain; or they may have distinct laminations in 

uence of their mode of crystallisation. In either of these cases the 
stones would be exposed to crush with greater ease in the direction of 
the divisional planes, and the effects of the atmosphere would be most 
energetically exercised when those planes were placed in a direction to 
favour the absorption of moisture by capillary action, or to allow the 
stone to exfoliate in a direction parallel to the face. In fact, the most 
important rule to be observed in the practical use of stone is to place 
it “in the natural way of the bed,” as workmen say; and though there 
may be some stones in which it is very difficult to distinguish the bed, 
and others in which there is Jess reason than usual for adhering to this 
law, yet even in them it is preferable to place the bed of the stones in 
its natural position. 

A very elaborate report was drawn up in 1839, by a commission 
named for the purpose of selecting the building-stone to be employed 
in the Houses of Parliament; but in consequence of the marked failure 
of the material then selected, the recommendations of that report have 
lately been treated with neglect. This is unfortunate; because there 
is much information of value in the report, and the methods of exami- 
nation it was based upon are substantially correct; and, as it now 
appears that the stone actually used in the Houses of Parliament, was 
not the one r ded by the commi: 3, the latter ought not to 
be blamed for the failure which has occurred, The errors which, 
however, do exist in the report consist in these points :—1. The resis- 
tances to atmospheric action were appreciated by the state of the stone 
in certain ancient buildings, which were mostly in the neighbourhood 
of the quarries from whence those stones had been extracted. 2. In 
the attempt to judge of the durability of both new and old stones by 
what is known as Brard’s test, or exposing them to the effects of the 
efflorescence of a solution of the sulphate of soda. Now it is notorious 
that the atmospheres of large towns contain many elements which do 
not exist in the atmosphere of the country, and nothing but a long 
exposure to the former would justify an absolute opinion as to its 

ible effects; even the Caen stone itself resists tolerably well in 
wer Normandy, but it decays rapidly at Havre, and more rapidly 
still in London. The objections raised by the French engineers to 
Brard’s test have already been referred to under ArmospHeric In- 
FLUENCE; and it may suffice here to observe that practically it has 
been shown to be of very little use as an indication of the durability of 
a building-stone. 

Before closing these remarks, it may be as well to state that some 
classes of stones are known yee name of freestone, when they are 
rey par of being worked ly by the axe, or by the mallet and 
chisel ; the ordinary sand and lime stones are of this description, but 
the granites, whinstones, slates, and basalts, cannot be worked in this 
manner, Another technical distinction in the mode of conversion 
arises from the description of saw used; the softer stones are cut by 
the toothed saw, the harder ones are cut by the plate saw and grit. 
The marbles are susceptible of receiving a polish; the ordinary sand 
and limestones remain dull whatever labour may be expended on their 
faces. ‘The stones which strike fire (or the silicious ones) are usually 
harder and more durable than the calcareous stones; but the labour 
upon them is much more expensive; and it is almost always the case 
that the stones which present on the surfaces of their fracture, a 
number of asperities and sparkling facettes are more difficultly worked 
than are the stones which present even, dull faces. Of materials of 
this description the lighter coloured ones are generally softer than the 
darker ones, and it may be considered a safe rule in’ judging of new 
stones, that if they absorb water easily they are not fitted to resist the 
action of the atmosphere. If the stones should yield a clear ringing 
sound, they may be considered to be of a fine uniform texture, and 
free from flints, earthy nodules, vents, or shakes; and if in working 
they should emit a sulphurous smell they would usually prove to be 
durable. One of the simplest and best precautions to be observed in 
the use of building-stones, is to quarry them some long time previously 
to their application, and to expose them to the weather, in order that 
they may lose gradually what workmen call their “ quarry damp.” In 

ings, the denser and harder stone should be used in the lower 
courses, the lighter ones in the superstructure; the non-absorbent 
stones should be used in the ground and in plinths, cills, string courses, 


Sete bole ee the softer and more absorbent 
stones may be used for plain walling, *. ; 
Mr. Hoagkinson found that the resistance of stone columns to crush- 
ing weights was nearly uniform when their heigh’ 

12 times the dimension of their sides; when their heights 
times their sides, the resistance was manifestly dimi ; when 
their heights were 24 times their sides, the resistance diminished in 
the ratio of 138 to 96 nearly; when they were 30 times the side, the 
resistance became reduced from 138 to 75; and when they were 40 
times their side, the resistance was reduced from 138 to 52. Stone 
columns are considered by Mr. Hodgkinson to yield first at the ends, 
in consequence of the tendency of rigid bodies to cd into wedges, 
with sharp eae? at their apices, under the action of superincumbent 
weights. The weights stone-columns can bear depend at all times on 
their smallest section. 

Mr. Adie published in the ‘ Transactions of the British Association 
for the Advancement of Science,’ 1834, some interesting observations 
on the expansion of stone under the influence of heat. From these it 
would appear that within a em of 180° Fahr., the expansion of the 
Craigleith stone is 0°0011758 of its length, or the same as the - 
sion of glass, and very nearly the same as the ex on of coat lace 
as ascertained by Lavoisier. The expansion of the black Gal 
marble was found to be 000048855 of its length; that of white ‘ 
seems to have been rather less. [Heat; Resistance or MaTERIALS.] 

(Consult Rondelet, /’Art de Batir ; Claudel, Formules & Cusage des 
Ingénieurs ; Dumanet, Cours de Construction ; De la Beche's Geological 
Observer ; Report on Building Stones, 1839; les Annales des Mines, and 
les Annales des Ponts ct Chaussées, passim ; les Annales des Travaux 
Publiques de la Belgique; Transactions of the British Association ; 
Builder (journal ), passim ; Transactions of the Society of Arts, 1860.) 

STONEWARE, [Eanraenware; Porrery anp PorceELatn.]} : 

STONE WORKING. Under Quarry anbd QuarryIna a descrip- 
tion is given of the mode of detaching and shaping blocks of stone at 
the quarries. A few lines will suffice to convey an idea of the subse- 
quent operations. 

Until within a comparatively recent period, few other tools than the 
saw and chisel were employed in this work; but now i > 
moved by steam-power, is extensively adopted. The working of 
for ornamental purposes was the chief cause of this 3 seeing 
that the highly-wrought surfaces might suitably be produced by labour- 
saving expedients. The sawing by hand of blocks of stone for build~ 
ings, or slabs for pavements, is familiar to every one. The workman 
employs a kind of blunt knife, which is converted into a species of saw 
by the presence of sand and water; the action of this blade, by a pro-- 
cess something between cutting and grinding, severs the block of stone 
into two. The shaping by hand of blocks of stone is equally familiar ; 
chisels, of various shapes, urged by a mallet, do the whole work. But 
it is of more elaborate contrivances that we here treat. 

Some of the marble-sawing machines are of the kind shown in the 
annexed cut. Several saws are fixed parallel in a frame, at any distance 


Fig. 1.—Marble Sawing Machine, 


apart according to the thickness of the slab to be cut. The frame 
ides in vertical grooves ; and it is so balanced that the saws are kept 


at a height corresponding to the part of the block which is being cut, 
and descend as the cut deepens. These so-called saws are les of 
soft iron, used with sand and water; the sand being varied in quality 
according to the kind of stone to be cut. An ap) is placed over 


the frame, whereby a little stream of sand and water is made to flow ~ 


continuously into each saw-cut. Not only does the use of such a 
machine save much labour, it saves material also ; for in hand-sawin; 
the workmen never succeed in keeping the saw in a true plane; 

as a necessary result, great waste is occasioned in subsequent grinding. 
Mr. Stewart has recently invented a machine for cutting large masses 
of stone ; a series of chisel-cutters follow each other in the same 


and are fixed to a frame travelling on a kind of railway. ‘he action of } 
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each cutter is that of a forcible blow ; the machine being intended to 
operate upon the harder kinds of stone. Messrs. Hunter, of Manches- 
ter, have devised a machine for cutting pavement-slabs. Twenty or 
thirty cutters are fixed to the periphery of a revolving disc ten or 
twelve feet in diameter. These machines are in use in Dean Forest; 


man acts upon the stone with long, sharp-pointed instruments of 
; and when the shape has been thus roughly produced, it is finished 
and other tools. Strips of ae eee _ ph pecs 
chimney-pieces, have mouldings formed upon their 
different means. The cutters here are in fact grinding tools. They 
of masses of iron, whose surfaces are circular, and have been 
into various forms, such as hollows, i , &e.; the 
ty idly in contact with oll stone, walang is yor up 

a weight and pulley; and thus a m ing is formed on 
of the strip of «cnet 5 counterpart of that on the iron tool. 
workman applies sand and water to the iron tool. The apparatus is 
the annexed cut. 
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Fig. 2.—Marble Moulding Machine, 


The smoothing, grinding, and polishing of marble and stone are 
éffected by machines variously Large slabs are ground by a 
plate of cast-iron. The slab, placed horizontally, has a reciprocati 
motion given to it; the iron plate, resting upon it, has a kind of spi 
motion; and the two motions together enable the iron to act equally 
on all parts of the stone. Sand and water are let down between the 
two surfaces, through holes in the iron plate. 
stone or marble are ground by being held down by hand upon the sur- 
face of a revolving iron table, kept moistened with sand and water. 
The Earl of Caithness has recently devised a machine for dressing the 
surface of Caithness rag slabs, a stone well fitted for street pavements. 
About 30 iron bars are ranged parallel and vertical, each with jagged 
teeth at the bottom; a crank movement lifts them all to a certain 
height, one after another, and lets them fall heavily; the slab slowly 
moves beneath them, so as to be subjected all over to an equal 
amount of jagging or chipping. This produces a surface level but not 
smooth. 

The polishing of marble requires tools different from those used in 
grinding or smoothing. The tools are made of lead or some other 


Smaller surfaces of | process, 


heavy substance, and are faced with a peculiar kind’ of felt, which, 
when wetted and rubbed to and fro by any convenient machinery 
polishes the marble. For smoothing and polishing of carved marble, 
or of small pieces shaped in any irregular way, small pieces of cast- 
iron, gritstone, smooth stone, slate, &c., are used in various ways. 

STOP. [Orean.] 3 

STOPPAGE IN TRANSITU is the seizure by the seller of goods 
sold on credit during the course of their passage (transitus) to the 
buyer. This principle is said to have been established about 1690 in 
the Court of Chancery (2 Vern., 203); and it has since been acknow- 
= in the = of ee law. The transitus is defined to be 

e passage of the goods to the place agreed upon by the buyer 
and seller, or the place at which they are to Iyioas lattes the les 
of the buyer. This definition does not mean that the term tran- 
situs implies continual motion: goods are in transitu while they 
are at rest, if they are still on the road to the place to which they 
have been sent. This doctrine of stoppage in transitu entitles a seller, 
who is empowered to stop the goods before they come into the buyer's 

ion. The right is not confined to cases of buying and selling. - 
A factor either at home or abroad, if he consigns goods to his principal 
by the order of the principal and has got the goods in his own name 
or on his own credit, has the same right of stoppage in transitu as if 
he were the seller of the goods. Questions of stoppage in transitu 
sometimes involve difficult points of law. The right of stoppage 
implies that the goods are in the possession of the seller or factor when 
he exercises this right. The exercise of the right is excluded in the 
case of a bill of lading which has been endorsed over; for here the 
endorsement passes the property in the goods absolutely to the 
endorsee. 

STORAX. [Sryrax.] 

STORMS. [Tornapo; Wurriwip.] 

STOVE. [Cooxiye Apparatus ; SMOKE, CONSUMPTION OF ; WaRM- 
ING AND VENTILATION. ] 

STOVE-PLANTS. [Hornovse.] 

STRABISMUS. [Squryrina.] 

STRAIGHT, STRAIGHT LINE, PLANE. There is no occasion 
to define a straight line as matter of information; so that we have 
here only to consider the definitions which have been given and their 
relative merits, taking them as attempts to produce a mathematical 
description of straightness. 

There are three attempts at definition of a straight line; by Plata 
(or one of his immediate school), by Archimedes (as is said), and by 

uclid. The moderns have repeated these various forms, but have 
not, to our knowledge, ever succeeded in producing a definition entirely 
new which did not contain the defects of one or other of the three just 
mentioned. 

The Platonic definition, according to Proclus, is as follows :—“ A 
straight line is that of which the middle parts hide (émimpoo0c?) the 
extremities ;” a physical definition, owing its truth to the’circumstance 
of the rays of light proceeding in straight lines, and involving the 
notion of straightness as a part of its own explanation. This defini- 
tion has been little if at all used by geometrical writers. 

Archimedes defines a straight line as the shortest distance between 
two points, or at least this definition is often attributed to him, but 
not correctly. It is one of his postulates in the book on the Sphere 
and Cylinder, that of all lines drawn between two points the least is 
that which is straight : but he is too well judging a geometer to assign 
such a property as a definition. The Arabs substituted the shortest- 
distance description for the definition in Euclid, and accordingly our 
earlier editions of Euclid do the same; nor was this flaw removed 
until 1505, when Zamberti translated Euclid from the Greek, It has 
often been supposed that this shortest-distance definition is good as a 
definition, though not proper for a pupil in geometry, an opinion from 
which we must dissent: for how is it known to those who are yet to 
learn what a straight line is, whether there can be a shortest distance ? 
That is, how is it knowm that there are not many distances between 
two points, on different lines, which are severally shorter than- any 
other distance, and equal to one another? The answer is, no doubt, 
that the mind has a perfect conception of the impossibility of such a 
thing ; and the rejoinder is—yes, because the mind has a perfect con- 
ception of a straight line: that is to say, the definition is only saved 
from causing confusion by its own uselessness. Again, the i pesca 
that measurement of distances on all manner of curves is to be a pre- 
liminary to one of the definitions of a science which treats no curve 
but the circle, and does not succeed, by reason of certain limitations of 
, in measuring distance even on that one, is an papacy 

Euclid defines a straight line to be that which lies evenly (e Yoou 
ketrat) between its extreme points. The words éf trov have been trans- 
lated ex quo by Barocius, ex wquali by Zamberti, equally by Billingsley 
(taking some of the oldest translations as specimens). The definition 
wants precision, but the meaning is obvious. Two points being given, 
the surrounding space may be viewed in all manner of relations to 
those two points, as above or below, right or left, &c. The straight 
line which joins the two points is that which is not more related to 
one of these notions than to any other; and throughout its whole 
length takes an even course, without a possibility of being claimed, so 
to speak, by any one of the surrounding parts of space rather than by 
any other, ‘ 


STRATEGY, 845 


In 
any conclusion upon it, and that in the postulate that two straight 
lines cannot inclose a space lies all his power of producing a theorem, 
Why then, it may be asked, does he introduce a definition at all! Why 
not give the reader to understand that a straight line is a notion uni- 
versally understood and incapable of definition in simpler terms? To 
these questions the answer may be twofold. In the place, he is 
not eewaretia SF the eine of any language but bh cen, ha yg 
¥ ible toa commencing geometry, ¢i@cia mi 
Thad weed and ot fess Dae explanation ; in which case his 
definition is defensible until it ean be shown that he might have chosen 
a better one, We are not to dvips of the force of the last-quoted 
words from the ex @gito of the e Latin, or the evenly or ually 
of the i Secondly, he is evidently, in some of the first defini- 
tions, ing, and not instilling, notions: he is pro with his 
reader as by words to which both attach a conception, and he tries 
these words for use ascertaining that both parties agree on such 
¢ircumlocution as can be substituted for them. " 

The greatest defect of Euclid’s definition, since it applies even to the 
view just taken of its intent, is the want of words signifying that é€ 
Trou refers equally to all adjoining parts of space: Euclid is thinking 
too much of a plane before he has defined a plane, Suppose, for in- 
stance, a sphere, and that lines on a sphere only are contemplated : 
the line which joins two points ¢§ Yeov with reference to all adjacent 
parts of that sphere is not a straight line, but an arc of a great circle, 

Is it possible, taking such allowances as Euclid sanctions in the use 
of figure, to give what shall be, whether difficult or not difficult, 
capable of use or not capable, a just definition of a straight line? We 
think it is, as follows :—The Greek geometer implicitly allows (i. 4) a 
TRANSLATION of figure without change of form or properties; from 
this, by first defining the plane, a definition of the straight line may 
be proposed, which we bring forward, not for any value which it has, 
but because the stipulations of geometry are better understood by 
consideration of cases proposed for acceptance or rejection, than by 
any other method. 

1. Let two points (4 and B) be said to be at the same distance from 
a third (c), when a and c being joined by any line, the line oa can be 
by , © remaining fixed, de toed 4 shall bie heonghis to coincide 
with B. 

2. A plane is a surface any point of which is equally distant from 
two given points. 

3, A ey > rk.ps is the intersection of two planes. 

In the de of the normal school, which were taken down in 
shorthand, and published in 1800, is a discussion on this subject. 
Lagrange presiding, Fourier, then one of the pupils, proposed the pre- 
ceding second and third definitions, but without assigning a definition 
of equi-distance independently of the straight line. He also proposed 
as the definition of a straight line the locus of a point which is equi- 
distant from three given points ; which is faulty, inasmuch as the three 
given points should not be in one straight line, which cannot be sup- 
posed until the straight line is defined. e admitted the ri 
of the definition, but considered that it failed in presenting a sensible 
image of the thing defined. Another of the pupils however insisted 
that the idea of distance involved that of a straight line, which is true 
of oe as a quantity, though not necessarily so of equi-distance as 
a tion. 

General Thompson proposes to define a straight line as one which 
being turned about its extreme points suffers no change of place. 
Lagrange, in the debate above alluded to, suggested the same notion, 
This definition, we think, offers the most tangible illustration of that 
of Euclid. Let the two extremities of the intended straight line be 
situated in a solid; and let them remain fixed in space while the solid 
takes such motion as, under that condition, it is capable of. The 
straight line, the line which lies é Ycou with regard to the extreme 
points, then remains fixed. For if any part of it moved, there would 
be in every position a relation to adjoining parts of space, which would 
be in a state of continual change. The connexion between this defini- 
tion by rotation and that of Euclid might require more development 
to render it as clear as possible: but we think the student’s own 
reflection will lead him to make it satisfactorily. But whatever ma: 
be thought of the endeavour to exercise the discrimination of whic 
geometry points out the possibility by framing or arguing on defini- 
tions, we do not remember to have seen one so well calculated for the 
mere beginner as the following :—“ A straight line is a straight line.” 

The postulates relative to a straight line demanded by Euclid (we 
do not speak of his translators) are ; 1. That such a line can be drawn 
from any one point to any other. 2. That when terminated, it can be 
lengthened indefinitely. 3. That two such lines cannot inclose fu 
wepsdxew) a It be ~~ — assumed that every part of a 
straight line is a straight line: that every straight line, infini 
duced, divides a plane in which it lies in two ghan 
by any line drawn from a point on one side of it to a point on the 
other. It might also have been assumed that two straight lines which 
coincide in two points, coincide when produced beyond those points; 
but here Euclid has preferred to assume that all right angles are equal. 
(Rica? Anaue.] 

The definition which Euclid gives of a plane, is that of a surface 
which lies evenly between its bounding straight lines. To this defini- 


, and will be cut | his 


tion there is the serious objection that though a plane may be as easily 
conceived as a straight line, yet it is actually capable of definition by a 
straight line. For a plane is the surface any two points of which can 
be joined by a straight line which lies wholly on the surface, Neither 
this definition (nor Euclid’s) precludes the necessity of a postulate 
demanding the possibility of drawing a plane through any straight 
line. Objections might be made to the first part of Euclid’s eleventh 

which would require for their answer that another postulate 
ilar to that required se, geanight tine, Seats 


namely, that a finite strai t line can be produced 


in every plane in which it lies, but we think it may be dou! 
whether the apd a Sigs opaend of the book in question are as 
perfect as they might be . 

STRAIN. [Sprary.] 


STRAIN AND STRESS. [Matertars, Strenors or.] ' J 
STRAMONIN. A crystalline body contained in stramonium seeds, 
STRAMONIUM,} botanically the Datura Stramonium, or 

Apple, an introduced but now frequently self-sown and consequently 


seeds of Ni; Sativa, which, thong “blank, are smaller, nearly three- 
cornered, and have an acrid aromatic taste, and in considerable quantity 
are poisonous like those of stramonium, . - 

The seeds are used to form the extract; they, as well as the unripe 
capsules, yield the alkaloid called datwra, which crystallises from 
solution in alcohol or water in colourless shining aggregated prisms; 
without odour when pure, but when impure Lec ges get t y 
amore i per et Rage Ke first bil Pend i? Se obac 

is is extremely poisonous: one-ei of a grain can kill a Ww 
in less than pied hours ; and fie anata quantity applied {te oe 
causes very lasting dilatation of the pupil. 

Stramonium in small doses causes slight convulsive action about the | 
throat, with dryness of the e, disposition to vomit, and 
diminution of sensibility, with slight increase of secretion of the skin, 
mucous membranes, and kidneys; but if the dose be larger, the brain 
becomes affected, and vertigo, indistinctness of vision, with dilatation 
of the pupil, disposition to sleep, or coma, but more frequently 
delirium, are added. The delirium is always peculiar, and the indi- 
vidual manifests a disposition to perform ridiculous actions, or assume 
absurd positions. If the dose be still larger, and produce fatal effects, 
the brain is usually found to be much congested, the vessels being 
gorged with blood. Large bleedings generally save the patient ; 
emetics can rarely be made to act, as is observed when other narcotic 
poisons have been taken. Stramonium is most useful in cases of 
increased sensibility, particularly in local affections of the nerves; it is 
decidedly useful in allaying pain of the sciatic nerve, particularly when 
combined with ipecacuan, It has been recommended in mania, 
especially when accompanied with lucid intervals, in epilepsy, and 
hysteria; but with very variable success, probably to be accounted for 
by the careless preparation of the medicine. It is po) ly used for 
smoking, to allay paroxysms of asthma, but its employment in this 
way is quite empirical, and regulated by no clear principle. ef 
action of heat during smoking, an empyreumatic oil is found, similar in 
properties to that of hyoscyamus. 

STRATEGY (from the Greek orparyyia, which may be translated 
“generalship”) is, properly, the science of combining and employing 
the means which the ditferent branches of the chp pst afford for the 
purpose of forming projects of operations and of directing great 
military movements: it was formerly distinguished from the art of 
making dispositions, and of manwuyring, when in the presence of the 
enemy; but military writers now, in general, comprehend all these 
subjects under the terms of grand and elementary tactics, NY acs 

The general A ge gag of strategy and tactics have been and must b 
the same in ages, To overcome the enemy, it is necessary to be 
superior to him at the point of collision, not n numericall} 
for number only does not always represent the strength or 
strength of an army, but superior when due allowance is made for 
other advantages or disadvantages. The object then of all strategical 
combinations should be to bring the mass of the forces in collision with 
fractions of the enemy ; and secondly, to act as much as possible on 
comm ions or lines of operations without exposing one’s own. 
The roads on which an army, or portion of an army, marches, are 
termed strategical lines, and the belt of ground containing two or more 
strategical lines, if lying close together, is termed a line of operations. 
In order then to bring, and always to haye the power of bringing, the 
mass of the forces in collision with fractions of the enemy, it is neces- 
sary to choose such lines of operations as are interior ; interior, that is, 
with respect to those on which the enemy acts, That is to say, that, 


v2 
ve 


gis STRAW-PLAIT MANUFACTURE. 


STRAW-PLAIT MANUFACTURE, 846 


these lines must be, relatively to those of the enemy, such that the 


portions of the army moving on 


lines are such as are closer 


on, for the purpose ne 
holding the neighbouring district in subjection, and commanding the 
roads by which it may be thought convenient to penetrate into the 
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of an extensive territory, since it is generally impos- 
wi ain a ate indicate that the 
in force on a few of the most important positi 
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relative rates of marching of armies, cross roads, &c., interior | Pre 


of straw, which in their hands assumes a vast variety of figures and 
colours, and produces considerable emolument, especially since the 
straw hats have been in general request among the ladies,” 

The large size of the wheat-straw used in this country for plaiting 

vented the home manufacture from entering into competition with 
that of Italy in articles of fine quality; the straw grown for the 
purpose in Tuscany being much smaller, as well as superior in colour, 
This difficulty was in some degree overcome by the expedient adopted 
in England towards the end of the last century, of splitting the straw, 
and using the narrow splints, or slips of straw, in lieu of whole straws. 
The operation of splitting is performed by small cutting instruments 
called machines, which have a number of sharp edges so fixed as to 
divide the straw, by a motion in the direction of its length, into four, 
five, six, or more equal parts. Before machines were invented, straws 
were occasionally split with knives by hand; a process which was both 
tedious and unsatisfactory, since it gave no security for the uniform 
width of the splints, upon which the beauty of the plait greatly 
depends. Mr. Corston, in a letter addressed to the Society of Arts in 
1810, observes that “ by the mere invention of the splitting of a straw 
a source of employment has been discovered, which has increased the 
returns in that branch not less than from 300,0002. to 400,0002. annually.” 

Greatly as the British straw-plait manufacture had been encouraged 
by the use of split straw, by improvements in bleaching, and by 
increased care in the selection of straws of uniform size and colour, it 
was found, when the re-establishment of allowed the free 
importation of Italian straw hats, that the host manufacture was 
unable to compete with the foreign, notwithstanding the heavy pro- 
tective duty levied upon hats or bonnets of straw imported from 
other countries. The Society of Arts therefore, for a long series of 
years, offered encouragement to are for the improvement of the 
British straw manufacture, which ed forth many interesting com- 
munications, and has led to great improvement. As early as 1805, the 
Roney sesened a gold medal to Mr, William Corston, of Ludgate 
Hill, a substitute, of his invention, for Leghorn plait. His plait 
was formed of rye-straw. More recently rye-straw has been tried for 
the same purpose by Messrs. J. & A. Muir, of Greenock, who attempted 
to establish the straw-plait manufacture in the Orkneys. In plait. 
made of split straw, unless two splints are laid together, with their 
inside si towards each other, as in the plait called “patent 
Dunstable,” it necessarily happens that the face of the plait exhibits 
alternately the outer and inner surfaces of the straw, which differ from 
each other in colour and gloss. Articles made of split straw are also 
inferior to those of whole straw of equal fineness, in pliability and 
durability. Another circumstance which greatly increases the beauty 
of Leghorn plait is the mode of joining it, so as to form, by the com- 
bination of several narrow strips, an extended sheet of plaited work, 
British split ge is usually joined by making the several rows of plait 
overwrap each other a little, and then stitching through the two over- 
wrapping pieces with a needle and thread. e surface of a hat or 
bonnet formed in this manner consists of a series of ridges; and part 


ly | of each row of plait is concealed by that next above it, so that to form 


a band one inch wide, with a plait a quarter of an inch wide, it will be 
n to use five pieces of plait ; at least a fourth part of the width 
of each being absorbed by the overwrapping joint. Leghorn plait is 
formed in such a manner that it may be joined without this loss; the 
eet one row of plait being, as it were, knitted into the edge of the 

, in such a way that the pattern may appear uninterrupted, and 
the line of junction be almost invisible. 

The home manufacture of Italian straw was introduced by Mr. 
Parry in 1822. The ears are cut off with a knife, and the straws are 
then carefullysorted to obtain uniformity in length, thickness, and colour, 
The plait, of which an engraving is given below, consists of thirteen 
straws. These are tied together at one end, and then divided into two 
portions; six straws being turned towards the left side, and seven to 
the right, so that the two portions of straw may form a right anglew 
The seventh or outermost straw on the right-hand side is then turned 
down by the finger and thumb of the right hand, and brought under 
two straws, over two, and under two. This being done, there will be 
seven straws on the left and six on the right side of the angle; and 
the next o; ion is to turn down the outermost of the seven with the 
left-hand and thumb, and to pass it under two straws, over two, 


and under two. The right side will again haye seven, and the left 
Fig. 1. 


side six straws; and the plaiting must be continued in the same 
manner, alternately doubling and plaiting the outermost seventh straw 
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from side to side, until it becomes too short to cross over so as to 
double on the other side of the angle. The plaiter then takes another 
straw, and puts it under the short ead at the point of the angle (the 
middle of the plait), and, by another straw not ey under and over the 
joined one ‘from both sides of the angle in the operation of pe 

it will become fastened ; the short end being then left out undernea 
the plait, and the newly fastened straw taking its place on that side of 
the angle to which the short one was directed. The plait thus formed 
is represented in the cut fig. 1, about double the real size, The plait 
is formed in pieces of length, which are adjusted in spiral coils, 
with their adjacent knitted er, 80 as to form the large 
circular pieces of plait which, under the name of hats, or flats, are 80 
extensively from the north of Italy. The mode of effecting 
the junction may be explained by the help of the annexed cuts. Fig. 
2 represents, about four times the real size, the two adjacent edges 
when knitted together ; the dotted lines indicating the os of each 
piece of plait, and showing how far the angular folds, or eyes, of one 
piece are inserted into those of the adjoining piece. The thread by 


which the two rows of plait are held together is here straight, and is 
Fig. 2. 


Fig.3. 


entirely concealed in the plait. The joint is, indeed, only to be 
detected on either side by the slightly increased thickness of the plait 
where the angles are inserted into each other, and the thickness of the 
threadvitself. The mode of junction may perhaps be better under- 
stood from jig. 3, which represents the pieces of plait drawn a little 
asunder, and shows the course of the thread, which is indicated by 
dotted lines where it is covered by the straw. The operation is 
performed by pushing a needle through the folds in the required order, 
and, after passing it through as many as can be conveniently done at 
once, drawing it through in the manner of a bodkin, leaving its place 
to be taken by the thread. Sometimes, for the sake of ¢ ition, 
only every alternate fold is threaded. In arranging the plait in a 
spiral coil, as in making a hat, it is necessary, in a few places, to force 
two loops of the smaller circle into one of the larger circle adjoining it, 

to allow for their different diameters, 
Specimens have been produced in England even finer than real 
orn; but such extreme fineness can only be attained by a sacrifice 

of strength, and an increase of work. 
The material commonly used for plait in Tuscany is the straw of 
Triticum turgidum, a variety of bearded wheat, which seems to differ in 


no respect from the spring wheat grown in the vale of Evesham and: 


‘Sn other parts of England. It is grown in Tuscany solely for the 
straw, and not for the grain; and the upper joint of the straw is that 
chiefly used for plaiting. The straw is pulled while the ear is in a 
soft milky state; the corn having been sown very close, and conse- 

Mod by produced in a thin, short, - dwindled condition. It is then 
dried spreading it thinly upon the ground in fine hot weather, and 
afterwards tied up in bundles and stacked, for the purpose of enabling 
the heat of the mow to drive off any remaining moisture. After 
remaining in the mow for about a month, it is spread out in a meadow 
and exposed to the action of dew, sun, and air,in order to bleach it. 
The straw is frequently turned during this tion ; and after it is 
completed, the lower joint of the straw is pulled off, leaving the upper 
joint, with the ear attached to it, for use. This part is thensubjected 
to the action of steam, and to fumigation with sulphur, in order to 
complete the bleaching, after which it is ready for use. It is tied up 
in bundles, and imported to England in this state. 

Bleaching with sulphur is commonly practised in this country. The 
apparatus for this process usually consists of a cask open at a ends, 
with its seams papered. It is set upright on the ground, having a 
hoop nailed to it inside, about 6 inches beneath the top, to support 
another hoop with a net stretched across it, upon which the straw is 
laid loosely. The cask is then covered with a tight overlapping lid, 
stuffed with lists of cloth, A brazier of burning charcoal is inserted 
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beneath the cask, and w this is placed an iron dish 
pieces of brimstone, The | Bisbee soon takes fire, and the 
ous acid gas evolved during its combustion fills the cask, and 
the straw in three or four hours. After epee eos 
and softened by spreading it upon for a night, it 

for splitting. Chloride of {ime is also employed as 
bleacher. 

Straw may be dyed, for ornamental , of many 
colours. Blue is given by a boiling-hot solution of ie in sul; 
acid; yellow, by @ecoction of turmeric; red, by boiling 
coarse scarlet wool in a bath of weak alum-water i 
or directly, by cochineal, salt of tin, and tartar. B: 
orchil are also employed for dyeing straw. 

The splints, or = of split straw, being curved in a 
would impede the operation of plaiting, require to be 
between rollers. These, as well as the whole straws used 
kinds of plait, are moistened with water to render them cen: 
It need ly be observed that cleanliness is indispensable 
beauty of the plait. Hence the Italian plaiters find the spring 
the most favourable season for the work, as the plait is not 
exposed to the smoky atmosphere of the huts as in winter, nor to. 
dust and perspiration of summer. The Italian plait is dressed and 
polished by passing it forcibly between the hand and a sharp piece of 
wood. 


The British straw-plait district comprises Bedfordshire, Hertfordshire, 
and Buckinghamshire; those counties being the most favourable for 
the production of the wheat-straw commonly used {= Busi 

and Suffolk; 
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followed in the neighbourhood of ya rere Pisa, Siena, and the via 


places. 
The chief market is Florence; and the demand is 
England, France, Germany, and America. 

There are many kinds of straw-plait made in England, known by 
the names of whole Dunstable, patent Dunstable, split straw, ir 
Luton, Bedford, Leghorn, Italian, backbone, lustre, wave, diamond, &e., 
—differing one from another in the straws being whole or split, in the’ 
thickness of the straws, in their number, or in other 7 
There has also, within the last few years, been a great extension ‘given 
to the trade, by the combination of lace, whalebone, mohair, and 
other substances with the straw, leading to the production of very 
beautiful fabries, : ‘ 

In the ‘Companion to the Almanac’ for 1861, is an article by Mr. 
Charles Knight, describing many of the features in the ip eres 
straw-plait manufacture of the present day. <A few of the chief - 
will here be given in a condensed form. The census of 1851 showed 


that 28,000 females of all ages were engaged in Great Britain in this 


manufacture ; of whom 10,000 were in Bedfordshire, 9000 in Hert- 
fordshire, 3000 in Buckinghamshire, and the rést scattered in other 
counties. When seasons are favourable, and fashion tends to the 
wearing of straw hats and bonnets, many girls and women turn 
their attention to this trade, who would otherwise seek a 
ments as domestic servants. Such was the case in 1859, when- 
Luton, Dunstable, and St. Alban’s were very busy with the 
straw-plait trade. During that season, one single firm, Messrs. 
Vyse, purchased as much plait as 3000 persons could’ prepare, and 
made up 9000 straw hats and bonnets weekly. Men are engaged 
in cutting and sorting the straw, ing and brushing the plait, 
and stiffening and blocking the hats and bonnets when made; the 
other processes are undertaken by females. Taking all the 
it was estimated in 1851 that 70,000 persons were thus employed in 
Great Britain, and that the yearly returns were 900,000/.; it is sup-’ 
posed that in 1859 these numbers were doubled. The manufacture of 
Brazilian grass hats is one of the peculiarities of the St. Alban’s dis- 
trict. In the country places surrounding the three chief towns for 
the manufacture, straw-dealers buy straw from the farmers, sort and 
cut it, bleach it, and make it up into bundles. Weekly markets are 
held in the towns, at which the plaiters buy the straw. The women 
and girls make up the straw into plaits of various kinds and widths, 
which are either sold at once to itinerant dealers or middlemen, or are 
taken to market. The bundles of plait are bought by hat and bonnet 
makers, who either work at their own houses, or are employed in 
large establishments by the chief firms. These straw and straw-plait 
markets are held in meh wre of the Wry Heo aechy puien, 
emplo the man urers; the straw is t ple G 
and chy Mae made up into hats and bonnets. Much taste and skill 
are shown in the making of the better kinds of straw bonnets, and the 
weaver occasionally earns high pay. The manufacturers attend to all 
the fluctuations of fashion; and the workpeople have to adapt them- 
selves to frequent changes in form, material, and manipulation, 

A small import duty, formerly imposed on foreign straw-plait, was 
repealed in 1860. 

STRAWBERRY. The botanical characters of the strawberry have 
been given in the Nat, Hist. Dry. Of the cultivated strawberry, the’ 
varieties are almost endless, and nearly every season something new is 
produced. In the Fruit Catalogue of the ‘London Horticultural 
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Society, upwards of sixty varieties are‘named as worth cultivating, and 

there are as many, or perhaps more, which are reckoned worthless. 
Strawberries may be either by means of their suckers or 

runners, or by sowing seed. The young plants will ly bear the 

ler to obtain the 


and 

autumn the rows should be dug 

straw or dung should be laid between 

produces too luxuriant a growth of the 

The rows of the beds should be 

eighteen inches asunder, and the alleys three 
The duration of the plants is about three 

dicecious 


. care should be taken that there are male 
re een cession of about one to ten. The wood- 
strawberry is best produced from seed, which should be sown as soon 
The alpine strawberry is best 
should not be sown till the spring, and may 
planted in July or August, in rows at the back of hedges or walls, 


‘ exceeds two years. 

Strawberries, when ripe, may be eaten in almost any quantity with- 
out injury. ey ee eee ae 

swine, When ripe and grown, they hardly require such additions; 
but when their sugar is deficient, this i ient may be safely added ; 
and the addition of wine under these circumstances should be preferred 
to creain, as the latter is very liable to disagree with disordered 
stomachs, 


Apes aha OF BEAMS, PILLARS, &c. [Marerrats, Srrencra 
or. % 
STRING-COURSE, a projecting course of masonry forming a string 
or horizontal line on the face of a wall, and copsisting of a series of 
ings, a8 in Gothic, or of a flat surface (either plain or enriched), 
as in Italian architecture. In both styles, string-courses admit of great 
variety, and contribute very much to decoration, while they are in 
themselves essential members, inasmuch as they serve to define the 
internal division of the building, ing with the floors of the 
several stories; and by SS Gia deavel wohigrntaioes obeerions 
to mark each as a distinct portion e composition, complete 
as though secondary to the other. While they separate, 
serve also to and combine the successive stages of a 
badlaing ; and to produce a due admixture of horizontal with per- 
i lines 


STRONTIA. [Srronrivm.] 

STRO/NTIUM (Sr). A peculiar metal found in combination with 
and carbonic or sulphuric acid, and forming the carbonate and 
of strontia. From the very considerable resemblance srt 4 

between baryta and rape! Raed er supposed to bé identi 
Crawford and Sulze noticed a difference between them, and in the year 
1792 Dr. Hope established sufficient differences to prove that they were 
completely inct bodies, and the newly discovered body was named 
Strontia or Strontites, from Strontian in Scotland, the place in which 


it was discovered. 

Strontium was red from the carbonate of strontia by Davy in 

1808 ; is that which we have described for obtain- 

m the carbonate of baryta. It is a malleable 

ow colour, is heavier than sulphuric acid, fixed, 

difficultly fusible, and not volatile. When exposed to the air it attracts 

, and becomes converted into strontia ; when thrown into water, 

it poses it with great violence, producing hydrogen gas, and 
with the water a solution of strontia. 

Oxygen and Strontium, as oie mentioned, readily unite, constituting 
the protoxide, or strontia (SrO), which in combination with acids exists 
largely in nature, and the peroxide, which is entirely an artificial pro- 
duct. simplest mode of the protoxide, or strontia, 
when required to be free from water, is to dissolve the native carbonate 
id, and to decom the nitrate obtained at a 
§ of strontia, which is a much more common 
substance, may be converted by the well known means first into sul- 

i itrate. The properties of strontia are, that it 
i gravity is between 3 and 4; it 
ns bar ta acrid eg howd scr bec see 
vegetable urs. comparing these properties wi 
those of , it will be observed that there is considerable resem- 

oo they differ 
namely, that strontia, unlike ta, is not poisor 
to the air it attracts parsers tp is reconverted to the state of 


i 
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Strontia and Water combine to form at least two compounds : when 
a small quantity of water is upon strontia, it slakes, gives out 
is rendered white, and becoming a hydrate, it is fusible at a 
white heat, but does not part with its water. Its formula is SrOHO. 
According to Davy, strontia is soluble in about two hundred times 
its weight of water at common temperatures, The solution is called 
ARTS AND SCI. DIV. VOL, VIL. 


bed. The alleys should be 
the 


Strontia Water, and is occasionally employed as a chemical reagent, ; 
it acts energetically as an alkali on vegetable colours and in saturating 
acids. In boiling water strontia is much more soluble than in cold. 
As the solution cools, crystals, the primary form of which is a square 
prism, are deposited, and these appear to consist of SrO, 9HO. 

Peroxide of Strontium (SrO,) may probably be obtained, as the per- 
oxide of barium is, by passing oxygen gas over strontia at a red heat, 
or by heating it with chlorate of potash. 

Neither nitrogen nor hydrogen unites with strontium. 

Chlorine and Strontium combine to form only one compound, con- 
sisting of (SrCl). 

The best mode of procuring this salt is to dissolve carbonate of 
strontia in dilute hydrochloric acid, and to evaporate the solution to 
its ising point, the chloride containing water then separates in 
long slender crystals, which consist of one equivalent of chloride and one 
equivalent of water. When exposed to heat the water is expelled, and 
a solid white chloride remains. The crystals deliquesce in a moist 
atmosphere, are soluble in twice their weight of water at 60°, and still 
more so in boiling water ; this salt is soluble also in alcohol, and the 
solution when burning exhibits the peculiar red flame characteristic of 
the compounds of this metal. 

Chloride of strontium may be more directly, but less eligibly, pre- 

than in the mode now described, by passing chlorine gas over 
eated strontia; oxygen gas is expelled, and chloride of strontium 
remains. \ 

Fluoride of Strontium (SrF) is an insoluble pulverulent compound. 

Sulphide of Strontium (SrS) may be formed either by heating the 
native sulphate with charcoal, or by fusing strontia and sulphur in a 
green glass tube. It dissolves in hot water, and as the solution cools 
erystals of sulphide of strontium are formed. They appear to contain 
water. 

This compound is used for the preparation of the salts of strontia, 
the sulphate being a much more common substance than the carbon- 
ate, which is preferable however when obtainable. 

We shall now describe three oxisalts of strontia, two of which exist 
in nature, and the third is occasionally employed in chemical re- 
searches, 

Carbonate of Strontia; Strontianite——This was the first discovered 
compound of strontia; it occurs crystallised and massive. Primary 
form, a right rhombic prism. Cleavage, parallel to the lateral faces of 
the primary form. Fracture, uneven. Hardness, scratches carbonate 
of lime, but is scratched by fluor-spar. Colour, white, greenish, gray- 
ish, and brown. Streak, white. Lustre, vitreous. Transparent, trans- 
lucent. Specific gravity 3°605. 

Before the blow-pipe it fuses, and gives a purple light. It dissolves 
with effervescence in dilute nitric acid, and the solution is precipitated 
by sulphuric acid. 

Massive Varieties.—Amorphous, globular. 
times granular. 

Found at Strontian in Scotland, Braunsdorf in Saxony, and in Peru. 

Analysis by Klaproth :— 


. 
Structure fibrous, some- 


Carbonicacid . .  . . atte). 4th. OOF 
Strontia . . + 695 
Water. . . 05 


100° 


Stromnite, or Barystrontianite, or Barytiferous Carbonate of Strontia, 
is a mineral found at Stromness in Orkney. It occurs massive. Struc- 
ture fibrous. Hardness 3°5. Specific gravity 3°7. Lustre somewhat 
pearly. Translucent on the edges. Colour grayish and yellowish 
white. It is soft and brittle. Effervesces with acids, but does not 
melt before the blow-pipe. ; 

According to Dr. Traill, who discovered this substance, it con- 
sists of — : 

Carbonate of strontia . . . . . 
Sulphate of baryta ° . . . . qr we 
Carbonate of lime . . . . . . . 
Oxide of iron . . . 

Loss 


. . . . . . . . 


Carbonate of Strontia (SrOCO,) may be artificially obtained by 
several processes; as by exposing strontia water to the air, or by 
ing an alkaline carbonate to it; or by decomposing any soluble salt 
of strontia, by means of an alkaline carbonate, &c. In whatever mode 
obtained, it is a colourless insipid powder, quite insoluble in water, 
decomposed by acids with effervescence, and by exposure to a high 
temperature. It is used for preparing the various salts of strontia. 

Sulphate of Strontia; Celestin.—Exists largely in nature. It occurs 
erystalli and massive. Pk Ba a aii sont rism. 
Cleav , parallel to the of the primary form, but less so 
in the direction of the lateral faces. Fracture conchoidal, uneven. 
Scratches carbonate of lime, but it is scratched by fluor-spar. It is 
brittle. Colour white, bluish, reddish-white. Transparent; trans- 
lucent. Lustre vitreous, Specific gravity 3-858. 

The Massive Varieties are nodular, tabular, and amorphous. 
ture columnar, fibrous, granular, ‘ 

I 


Struc- 
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It is not acted upon by acids, Before the blow-pipe it decrepitates 
and fuses into a white triable enamel. The powder becomes phos 


phorescent on a hot iron. 
According to Klaproth it consists of— 


Sulphuric acid. ° . : ° ’ : - 42 
Strontia . : : . : . . > - « 88 


This substance occurs near Bristol, in Sicily, at Bex in Switzer- 
land, &c. 

Sulphate of Strontia and Baryta ; Grunerite.—This mineral is found 
in Hanover. f It occurs massive. Its structure is radiated. Hardness 
3°0 to 3:5. Colour white, with sometimes a shade of blue, Translucent. 
Lustre vitreous. Specific gravity 3°76. 

Sulphate of Strontia (SrOSO,) may be obtained artificially, by adding 
sulphuric acid, or a sulphate, to any soluble salt of prea It is a 
colourless, insipid, heavy powder, insoluble in water, and dissolved 
only by strong sulphuric acid, from which it is precipitated by water. 

Nitrate of Strontia (SrONO,) is procured by dissolving the carbonate 
in dilute nitric acid, or by decomposing the sulphide of strontium with 
that acid. The solution is colourless, and by evaporation it crystal- 
lises in octohedrons, which are soluble in five parts of water at 60°, 
and in half a part at 212°, It is insoluble in alcohol, but when finely 
powdered and mixed with it, the alcohol burns with a beautiful red 
flame. 

Under peculiar circumstances a hydrated nitrate of strontia is 
formed, containing four equivalents of water. The form of this is an 
oblique rhombic prism. 

The salts of strontia are occasionally used in chemical investigations, 
and in giving a crimson flame to fire-works. 

STROPHE (ozpooh) is a set of verses composed according to a 
certain system of metres. The word is derived from o7pépw, “to 
turn,” as in the lyric, especially the choral poetry of the Greeks, this 
wt oh a poem was sung Ree the movements and dances of the 

ote modern times such a combination of verses, written either 
in gig same or in different metres, is commonly designated by the 
Italian name stanza. The division of a poem into strophes was how- 
ever applied by the ancients only to lyric poetry, and here one strophe 
seldom exceeded the number of four verses, with the exception of the 
dramatic and other choruses, in which a strophe sometimes contains 4 
considerable number of verses. However different the metre of the 
several verses may be, there is always a unity of rhythm in them which 
characterises a strophe as an artistic whole. The various kinds of 
strophes were designated by the ancients by various names which 
either indicated the number of verses they contained, such as disticha, 
tristicha, tetrasticha, &c., or were derived from the name of their 
invertors, or from the characteristic metre in which they were com- 
posed, such as the Alcaic, Sapphic, Choriambic strophe, &e. Again, 
strophes in which all the verses are of the same metre are called 
monocola; and those consisting of verses of two, three, or four different 
metres, are called dicola, tricola, or tetracola. The choral poems of 
the Greeks generally consisted of ‘three main parts, strophe, antistrophe, 
and epode. - The antistrophe always corresponds in its metre with the 
strophe, and thus forms a second stanza, equal fo the first; the epode 
differs from both, and forms the riemeo 2 stanza of a chorus, 
(G. Hermann, ‘ E lementa Doctr. Metr. ’) 

STRO’PHULUS is an eruption of pimples upon the skin, which 
frequently occurs in infants whose health is disordered by the irritation 
of teething or any other cause. Dr. Willan describes the following 
forms of the disease :— 

1.8. intertinctus, of which the vulgar name is Red-gum or Red-gown, 
The eruption in this form consists of viyvid-red distinct papule, 
scattered in varying numbers over the cheeks, the arms, the backs of 
the hands, or, in some cases, the whole body. After an uncer- 


tain duration the papule disappear, the cuticle “separating in scurf ; | 


but very frequently the fading of one eruption is rapidly followed by 
the appearance of another, which passes through similar stages, and 
generally spreads further over the skin. A few of the papule in each 
eruption sometimes assume -the character of small-pustules, a little 
fluid being formed in their apices: but this commonly disappears with- 
out bursting. The origin of the eruption may usually be traced to 
disorder of the digestive organs, by a gentle correction of which it may 
be cured. Asudden repulsion of it by exposure to the cold, or any 
injudicious remedies, may bring on diarrhaa, and even severe 

illness. In itself it is a of no importance. 

2. S. albidus differs from the preceding only in the colour of the 
papule, which consist of minute whitish specks, slightly plersies. and 
usually surrounded by a pale ring of red. They appear in the same 
situations as those of the first variety, are referrible to a tats origin, 
and require no other treatment. 

38. S, confertus is often called the Tooth-rash, and the Rank Red 
It occurs only during the process of teething, and consista (in children 
of three or mae months old) of small closely- pula, less vivid but 
more t than those in S. intertinctus, ne ir usual seat is on 
the cheeks and sides of the nose ; sometimes they ae to the fore- 
head and the arms, and sometimes large papulw appear upon the loins. 


If the eruption occurs when the infant is eight or nine months old, it 


generall 

on the arms, shoulder, or neck, the papule in edeh 
reached tape Penal fom ae ica 
These usually continue for a t, spreading slowly fro: 
to another, and then fade, lea’ part, after the exfolistion of the 
cuticle, rough and diecobiand r a week or two longer. 
but more obstinate and painful form of eruption, — 
on the lower extremities and the lower part of the trunk. 
advisable however to adopt any active treatment fr the reel of 
the surly period of dent ae continues of 


ly assumes a severer form : <otvnls ih aah taley teak 


Giguren verte of the Sones sae aa 
then becoming brown and. pagers Di with scurf. The co 

generally lasts three or four wee! in successive jae 
over a considerable part of the body. It is attended by slight fever 


and general disturbance of the system, and is most common rpg oI 
of from three to six months old. : 


as those in the pend 
common in chil a year old, who have 

suffered from some acute disease, It requi 
like all the other varieties of the disorder, it ceases with the irritation 
from which it has its origin. 

STRUMA. [Scroruna. k poe 

STRYCHNIC ACID, [Nux Vomica, ALKatoms oF.] ts 

STRYCHNINE, [Nvx Vomica, ALKALows or.] 

STRYCHNOS NUX-VOMICA, Medical Properties of. The genus 
Strychnos, consisting of about twelve species, is for con- 
taining among these some which possess mild mild or beneient pro 
perties, while others are endowed with more 
powers than almost any other members of iho vegeta Lingo. 
This extraordinary difference is umed to be 
containing only an extractive, w is tonic and fe 
contain one, two, or three Tenia which are 


‘Thin in reo an dec gu dt. 5, Baeaoaiend eee and 
S. Tieuté are concerned, all of which contain either Strychnia or 

and some both of these alkaloids; 8. Sancti Jgnatii contains an 

called Igasurine [Nux-Vomica, ALKALOIDS OF]; but it does 
apply to the S. tovifera (Schomburgk), in which no alkaloid has been 
detected. It must be admitted, however, that the S. towifera, though 
equally fatal with the others, produces death in a different way. Those 
possessed of an alkaloid destroy life by exciting tetanic spasms, while 


the wourali, or worary, or urari (cuspieed Goats he 8 trier pox 
duces diametrically opposite effects, as the muscles of voluntary 
are paralysed by it, The only species strictly icin ee 
vomica, poison-nut, or ratsbane, of which the fee are employed, and 
to this our attention will be at present confined. q 
Strychnos Nux-vomiea is a natiye of Coromandel, Malabar, Ceylon, 
and other parts of India, growing in sandy places, and attaining the 
size of a tree, but short, crooked, and pases Stop twelve feet in cireum- 
forenon: for esing 3 in the r sain season. The aes ee the size of a 
St. Michael's orange, with a bitter astringent pulp, and containing from 
three to five seeds. The pulp may be eaten, but the seeds are poison- 
ous and officinal ; each seed is flattish or very slightly concave on the 
side of the umbilicus, convex on the other, thickened at the 
peltate, about three lines in thickness, and clothed with dense grayish, 
silky, or velvety hairs, which towards the umbilicus are in 
concentric circles. The testa or coat is thin, the plot white or — 


vs a a ie 


odour. are 1e powder of a bank one, aaodins Bean b, 
si the taste is nauseously bitter. Nux-vomica should never 
be purchased in the state of powder, as it is frequently adulterated 
with common salt or even emery-powder, 


An oil is expressed from the fresh seeds, mich |e send ton Ne 
Nux-vomica aeoms to exert a deleterious influence alike 


"th 
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pletely prevents its peculiar agency, even tho artificial respiration 
be maintained. “From some experiments of it appears also 
to exhaust the irritability of the heart ; for in animals he found that 

could not be stimulated to contract after death, and life could 


_ Three distinct degrees of action may bé observed from the use of 

pee Bed system appears chiefly to 
be affected, and this so slightly, that any phenomena are observed only 
in cases of disease, particularly in hysterical and weak persons. The 
secretions are increased, both of the intestinal canal, the liver, the 
kidneys, and of the skin, accompanied with an increase of appetite and 
improved digestion. Hence, in small doses it is a useful adjunct to 

ient diuretic medicines. 

It is in the second degree of action that the characteristic effects of 
nuz-vomica begin to appear. The patient experiences a feeling of 
weight and weakness in the movements of the limbs, inducing him to 
remain at rest ; while his mind is restless, sad, depressed, and anxious 
for solitude and darkness, as he is iarly sensitive to light, noise, 
or the movement of the surrounding objects. With an augmentation 
of the dose, these phenomena are increased, and the contact of any 
external body causes a feeling like an electric shock, the voluntary 
muscles are no longer under the control of the will, and the individual 
staggers on the least attempt at ing. At the beginning of these 
occurrences the pulse is hard and quickened ; the gums, cheeks, and 
eyes reddened, and the respiration more frequent; but when the 
nervous system is more affected, the hardness of the pulse subsides, 
the countenance becomes of an ashy paleness, the eyes appear sunken, 
articulation is difficult and indistinct, breathing is laborious, and 
accompanied with violent spasms of the larynx, and the other muscles 
of respiration are i in their action. After these symptoms 
have lasted six or ve hours, they subside, and a great increase of 
the secretions is observed to follow; itching of the skin, with much 


rancid 
eructations, with nausea, and occasionally even vomiting. While the 
augmented secretions are taking place, the more prominent nervous 
disappear ; and in a few days the sufferer recovers entirely 
the debility and excessive sensibility. 

The third bd of action gece pa I tetanus and bento 
occurring in single xysms, alternating with paralytic torpor. e 
bisteks onger, and the remissions shorter, in which how- 
ever, till death close the scene, the intellect remains unaffected. While 
the voluntary muscles are entirely withdrawn from the control of the 
will, the pulse sinks and becomes slower, the breathing more and more 
laborious (“ the external muscles of the chest may be felt during the 
A Ra rattle ars lleey tl i hilbes bi nt ap of 
er, the ects es of the spasm of the external muscles :” 
). ¢ belly swells and exhibits blue marks, the countenance 
is livid, and in a of tetanic rigidity the breathing ceases, 
though the heart's action and the peristaltic motion of the intestines 
continue for some time ; and, if an artery be opened, black carb ous 
blood issues. “ Death, however, does not always take place by tetanus : 
in some cases the departure of the convulsions has been followed by a 
fatal state of general and indescribable exhaustion.” (Christison.) Thus, 
after the spasms have lasted twelve, sixteen, or twenty-four hours, and 
completely disappeared, the individual has nevertheless died, after 
being a tly in a state of . This has been ascribed to the 
gg the heart’s action, nig yl ie = 
heryous system, of long-continued pain.’ Or the indivi may suffer 
an attack, after the primary sym hao have subsided, of inflammation 

of the stomach and intestines, which may or may not prove fatal. 
Vomiting does not always occur, though the name would seem to 

im ais Beqeency of this symptom. 


it excites convulsions in the paralysed part before any action be observed 
are the seat of tetanic 
, prickly sensation, and of a perspiration, which is not 
Observed elsewhere. In hemiplegia the sound side of the body remains 
, while the affected one is the seat of extreme agitation; the 

attacks suicceed each other rapidly, and an abundant exudation 

takes place. Even an anomalous eruption has been observed, while 
the healthy side has been free. One side of the tongue is 
sometimes sensible of a decidedly bitter taste, which is not perceptible 
on the other. If the dose be augmented, both sides become the seat 
of tetanic action, though not equally so.” ( ie.) It is also very 
remarkable that the contact of any external with any part of the 
frame of an individual under ‘the influence of nux-romica which is 
ied with nerves originating from the spinal cord, immediately 
convulsive actions, In persons poisoned by nux-vomica, whether 

the seeds or bark (false Angustura bark), the mere act of touching the 


skin to feel the pulse has excited again the convulsive motions. Of 
these two phenomena, namely, the action of strychnia on the paralysed 
limbs previous to causing any obvious effect on the sound organs, and 
of the contact of an extraneous body exciting the tetanic throes, the 
following explanation has been given by Mr. Grainger :—“ Strychnia 
acts by preference on the paralytic limb or limbs, because the cerebral 
control is removed from the paralysed limb. If the cord be divided, 
the pure spinal power remaining, when the skin is touched the limb is 
retracted, and must be retracted, because the cerebral control is wanting. 
So when the spinal cord is stimulated by strychnia, it must act on the 
limb or limbs from which the cerebral power is withdrawn,” 

Nux-vomica acts most rapidly when introduced into a vein, and in 
other instances in the ratio of the absorbing power of the part; but it 
produces no effect when applied directly to a nerve or to the brain. 

In fatal cases the morbid appearances vary according to the period 
at which death occurs. When death results from asphyxia, the brain 
is gorged with blood, and the texture softer than natural. When 
death takes place at a late period, sometimes appearances of inflamma- 
tion are found in the stomach and intestines ; but frequently these are 
absent. A tetanic stiffness remains in the corpse till decay commences : 
this state of rigidity, however, does not invariably occur. 

The powerful properties of nuz-vomica, and the rapidity of its action 
when administered in the state of a pure alkaloid, strychnia, or its 
salts, have deterred medical men from making so extensive a use of it 
as its therapeutic qualities entitle it to. The necessity for care in its 
administration is manifest from the facts, that death resulted in one 
instance merely from a woman grating cheese with a file which had 
been previously used to rasp seeds of nux-vomica ; and in another 
instance death ensued from three grains of the alcoholic extract being 
taken at once. The consequence of a salutary dread of it being enter- 
tained has been that it is generally employed only as a last resource, 
instead of being used at an earlier period. It might, however, be bene- 
ficially used, with due caution and careful superintendence, in many 
cases of hysteria and hypochondriasis, dependent on irregular action of 
the nerves of the ganglioni¢ system. In cases of hysterical paralysis, 
accompanied with greatly impaired sensibility, it would be more 
influential than any other agent in a disease at once tedious and 


In lysis it has been found more uniformly beneficial than most 
other remedies, though success has not always attended its employ- 
ment. It is certainly better suited for some forms of paralysis than 
for others. 

It is most serviceable in cases of paralysis of parts which derive their 
nerves from the ‘lionic system or spinal cord. Hence it is more 
serviceable in eareipledta than in hemiplegia, in palsy of the bladder, of 
the rectum, and even in some eases of chronic diarrhea dependent on 
atony of the intestines. It is more serviceable in the palsies which 
follow fevers, rheumatisms, repelled eruptions, habitual drunkenness, 
and exposure to noxious metals, such as lead or mercury, and merely 
depressed nervous power, than in those which result from effusion of 
blood. Its use is altogether improper immediately after an apoplectic 
seizure, and indeed whenever vascular fulness or organic disease of the 
brain is su to exist. Though less useful in affections of the 
nerves which arise from the brain, it has nevertheless proved beneficial 
in some cases of amaurosis, in which the endermic method of applica- 
tion has been employed, rather than the internal administration of it. 
Deafness has also been cured by it. When employed in ysis of 
any of the limbs, an auspicious sign of its beneficial influence is a 
feeling of formication, and often of sweating, with or without an erup- 
tion, and spasmodic twitchings in the limb, while the rest of the body 
is unaffected. 

It was conjectured by Batka, and it has since been proved by Dr. 
O'Shaughnessy, that the false Angustura bark [GatipEa] was the bark 
of the Strychnos nux-vomica ; so that in case of poisoning by that 
article, the same mode of treatment is to be pursued as in poisoning by 
nhux-vomica or strychnia, “ Nux-vomica bark (kuchila) is commonly 
sold in Caleutta for rohun, the harmless bark of Soymida febrifuga—a 
most dangerous substitution.” (Pereira.) : 

Notwiths ing the “ Act to regulate the Sale of Poisons” in this 
country, nux-vomica, compounded in various ways, is too freely sold, 
and used for nefarious purposes. 

In cases of poisoning by nuz-vomica, the most prompt treatment is 
necessary, and still more so if any of the soluble salts of strychnia 
have been taken. ‘“ Nux-vomica is occasionally made the instru- 
ment of voluntary death, although no poison causes such torture,” 
(Christison.) The stomach-pump should instantly be had recourse to, 
when nux-vomica has been taken in powder; and as it adheres ve 
obstinately to the coat of the stomach, it must be perseveringly used, 
with plenty of water. Emeties are too tedious in their action to be 
depended upon. M. Donné has recommended, when strychnia or any 
of its salts have been taken, to endeavour to form an insoluble salt ; 
and for this purpose proposes chlorine, bromine, or iodine. The 
tincture of iodine may be procured promptly, but if ten minutes 
elapse before it be administered, it is unavailing. When the quan- 
tity of strychnia taken is not large, nor the symptoms very 
urgent, vital stimulants or sedatives are often sufficient; and for 
this purpose, wine, brandy, or a mixture of acetous ether and laudanum, 
or laudanum alone, will remove the present danger. Chloroform is 
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sometimes successful, as is also ice applied along the spine. Conium 
or its tincture offers probable means of antagonising the action of 
strychnia, as suggested by Dr. Pereira, It is said that the leaves of 
the Feuillea cordifolia furnish an antidote to nux-vomica and several 
other vegetable poisons. It must ever be remembered that the danger 
is not entirely removed, though the may have subsided, and 
the respiration become Inflammation of the stomach may super- 
yene, which will require the usual treatment, or secondary asphyxia 
may steal on, and destroy the patient. To prevent this last occurrence, 
great watchfulness is necessary, especially during the night, and the 
patient should be frequently awakened, and le to drink freely of 
green tea. But perhaps the most potent and efficient antidote to the 
other poisonous a hy -x! would be the urari poison of South America, 
as suggested by Mr. Morgan. (See Morgan's ‘Lecture on Tetanus,’ 
p- 31.) The preparation of this substance, which has been an object of 
curiosity and interest since the time of Sir Walter Raleigh, has been 
fully detailed by Sir Robert Schomburgk, (‘Annals of Natural History,’ 
vol. vii.) It is an article of much importance to the natives of Guiana, 
as much of their means of subsistence depends upon their possessing 
this poison, in which to dip their arrows for the chase. The chief, if 
not the only, active ingredient is the Strychnos toxifera (Schom.), and 
perhaps, in some places, Strychnos cogens (Bentham), the other ingre- 
dients (most of which are obtained from climbing plants, lianos, or 
*‘nebbees,” except one bulbous plant, a cissus, and another supposed 
to belong to the Xanthorylee) are used only to bring the juice toa 
roper degree of consistency and adhesiveness. Arrows dipped in it 
ve been known to retain their poisonous properties for twenty-seven 
years, (Iliff, in ‘Medical Gazette,’ vol. xx., p. 261.) The poison when 
inspi may be rendered liquid by heat, and is soluble in water, in 
alcohol, in hydrochloric acid, and in volatile alkaline spirit. It unites 
with acids without commotion or change of colour, If it be united 
with alkalies, no ebullition is observable, but it changes its colour from 
a dark brown to a yellowish-brown. It possesses a remarkable influence 
over the blood after it is taken froma vein, “A few grains, mixed 
with as many ounces of human blood warm from the veins, entirely 
prevents a separation of serum and crassamentum, and the whole mass 
continues in a state of fluidity similar to that in which it was drawn, 
until, after some days, it putrifies.” (Bancroft.) This property seems 
to point out the propriety of employing it in cholera, in which the 
separation of the serum from the crassamentum, while the blood is 
yet in the body, is one of the most remarkable symptoms of that 
disease. Dr. Hancock is of opinion that it is one of the most potent 
sedatives in nature, and, could it be safely managed, he had no 
doubt it might become a valuable remedial agent in the treat- 
ment of spasmodic or convulsive disorders. Its taste is an agreeable 
bitter, and it has a tonic and febrifuge effect, frequently proving a 
valuable cure in intermittents, It, as well as the venom of the viper, 
seems to be disarmed of its virulence by undergoing the process of 
digestion. 

On account of the difficulty of preparing the alcoholic extract of 
nux-romica of uniform poeaiian strychnia, or some of its soluble salts, 
is now generally substituted for it, as these admit of easy subdivision 
of the dose. Sulphate of strychnia has been used in some cases with 
great advantage (See Gaskoin, in ‘ Med. Gaz.,’ vol. x., p. 316) ; so also 
the acetate; but a form of preparation which has proved of service in 
some long-standing and almost fropalons cases of paralysis, is the hydrio- 
date of strychnia, (See Magendie, ‘ Formulaire.’) Phosphate is also 
used ; and in Germany nitrate is much used. : 

Care must be taken that the strychnia be pure, as a spurious article 
is vended in France, which contains no trace of strychnia, Bichloride 
of mercury is a good test for strychnia, but it causes no precipitate 
from the solution of the, acetate of strychnia; but the addition of 
hydrochloric acid causes a white lline precipitate. Sulpho- 
eyanodide of potassium appears to be the best test for strychnia. (See 
‘ British Annals of Medicine,’ vol. i, p. 190.) 

Strychnia is prepared either from the nuz-vomica seeds, in which 
case it is difficult and expensive to separate it from the brucia, or it is 
obtained from the St. Ignatius bean, in which it exists in about three 
times larger quantity in nux-vomica. It is also, but rarely, pro- 
cured from the Strychnos Colubrina, The purest and most easily 
obtained is furnished by the Strychnos Tieuté, but the rarity of this 
substance is a ical obstacle to its employment. Igasurina will 
probably be found to act like the others, but more mildly. ~ 

Snake-wood.—Many substances, in countries infested with serpents, 
are reputed to be efficacious in coun’ ing the poisonous bites of 
these reptiles: one of the most celebrated of these is the root of the 
Strychnos Colubrina, The strychnia probably acts as an antagonist to 
the stupifying effects of the poison of the snake, just as arsenic does to 
the poison of the Coluber carinatus of the West Indies. [Arsentc.] 

Strychnos potatorum, called also 8. Tettan Cottay, or Clearing-nut, is a 
native of India, and is a larger tree than any other species. It is devoid 
of noxious properties. The fruit, though when very young it is made 
into a preserve, and eaten, is reckoned emetic by the native doctors. 
The chief use made of it is to rub the seeds hard round the inside 
of an earthen pot, into which water is poured, and in a short time 
it becomes clear, tasteless, and whol , however muddy, brackish, 
or putrid it may have been ; hence its name of clearing-nut, Officers 
and soldiers, before setting off on a march, pr-wide thembelves with a 


store of these, as water by such means is deemed more whole- 
some than that clarified by alum, “oe 

Strychnos pseudo-china, Quina do Campo, or Field China, is a native 
of Brazil (St. Hilaire, ‘ i — a saa t. ‘eee is devoid 
of strychnia or brucia, It is a remedy of the Sertaneias, being pecu- 
liarly fitted for those cases to which the true cinchonas are unsuitable, 
The taste is at first faintly aromatic, then astringent, and at last 
slightly bitter. It has no odour. In its properties it resembles quassia, 
menyanthes, or gentian more than the true cinchonas, with none of 
Tous, amet the humalia bark, could it readily be confounded in its 
physical characters. Mr. Burchell says, however, that even in the 

roper localities of the cinchonas many strychni are collected. 
Crncnona, in Nat. Hist. Dry., col. 1081.] 

STUCCO, A name sometimes, though incorrectly, applied to all 
descriptions of lime or cement renderings on masonry, whether 
external or internal, but which is really given by builders to a species 
of plastering, in ordinary cases worked up by hand to a fine face 
adapted to receive paint; or in superior 
of other materials the lime, or plaster, usually employed, in order 
to resemble marble. Common stucco, in fact, is nothing more than 
plastering which has received an additional amount of manipulation ; 
marble stucco is made with fine lime (composed of the pure 
of that base) mixed with calcareous powder, chalk, or other : 
substances in such proportions and worked in such manner as to pro- 
duce a hard, uniform surface, which admits of being coloured, od, 
and polished so as to represent valuable marbles. It is emp in 
decorative architecture to cover columns, pilasters, cornices, 
plinths, &c., in sheltered or covered positions: in external works, the 
natural or the artificial calcareous cements, or the oleaginous cements, 
are employed for this purpose—a distinction unknown by the Italians 
who first used the “stucca tura,” from whence we have derived the 
art, and the name, of the fine plastering used by us exclusively for 
decorative and ~ bays works. » me 

Uniform marble stucco is prepared mixing pounded wl 
Carrara marble, or in the form of the whitezalabaster, with 
rich lime carefully slaked and run through a sieve, and the mixture 
is trowelled on to a rough rendering coat until the muriees Serene 
even and homogeneous. Different colours are communi by the 
addition of the pale aay naa when very delicate tints are 
required plaster mixed or gauged with water containing size, fish-glue, 
or gum arabic, is substituted for the hydrate of lime. The poli 
is only commenced when the surface is perfectly dry, and it is 1 
by the use of fine grits, tripoli powder, chalk, and oil; very much in 
the same manner that marble is polished. Scagliola is executed with 
the same class of materials as the marble stuccos; but small splinters 
(or scagliole) of the marble desired to be imitated, should the ‘latter 
present much variety of effect, are introduced in the Soins coats. 
Of late years the Keene’s and the Parian cements have been exclusively 
used in London, instead of the ancient marble stuccos, 

STURM’S THEOREM. There is a branch of the theory of 
equations, containing the celebrated theorems of ier, 


Descartes, Fourier, 
and Sturm, which it is advisable to place in an article by itself, and the 


present heading has been chosen because Sturm’s theorem is at once 
the most conclusive and the latest of the three. It has long been a 
roblem of much interest and notoriety to find, in a given equation, 
io many roots, if any, gs contained beeen two given limits; how 
many roots are positive, how many negative, how many imaginary, 
The first step towards the solution of the receding problem was 
made by Descartes, though it is asserted by Gossali Libri, that 
Cardan came very near to the same step. Cossali, after collecting 
a table of Cardan’s cases, and putting them in a form which Cardan 
did not use (an equation with 0 on the second side), then says that an 
analyst who. should look at this table would be able to rise to Des- 
cartes’s theorem. This is true enough, but it does not prove that 


Cardan either could or did make the invention, but the con . ae 
the world knows that mathematical discoveries are 
enough by analysts of a later day, in rudiments from which the fabri- 


, quot variationes reperiuntur signorum +— 
et —; et tot falsas quot vicibus ibidem deprehenduntur duo = 

vel duo signa —, que se invicem sequuntur.” That is, 
equation may have as many positive roots as there are 
sign in passing from term to term, and as many negative 
there are continuations of sign; but not more of either kind. 
has been doubted whether Descartes knew the true 

own theorem as to the case of imagi roots; this 
as the time of Descartes himself, who replies in a letter } 
cannot find by means of Rabuel’s reference to it. This is however of 
little consequence, as the following sentence (also from the Geometry) 
shows in what manner Descartes understood his own words: 


“Ceeterum radices tam verm quam false non semper sunt reales, sed 


peri tantum i i ane est, Sem) = oes 
quatione tot radices quot dixi, imaginari licet ; verum 
dum est quantitas que illis, quas imaginamur, respond a 
seem then that Descartes not only remembered the limitation of the 


in oe 


buildings made by the addition — 
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arising from the possible existence of imaginary roots, but 
proposed to divide those last roots themselves into two classes 
bor ae rege Apes true and false (or positive and negative) of the 
real roots. next step was made by De Gua (1741), who showed 
the roots of an algebraical equation ¢z=0 are never all real, 

the roots of the derived equations ¢’ z=0, ¢" z=0, &c. be also 

2," x, &c. being the derived functions, or differential 
coefficients, of ¢ z. He also showed how to determine the conditions 
of the sag 4 of all the roots. , ‘Res. des Equ. Numer.’, 
note viiii. ; Peacock, ‘ ’ &e., p. 327.) 

Descartes’s theorem would be perfect if the roots of equations were 
always real. For example, take z7—132+40=0. If the roots be real, 
they are both positive; write «+6 for x [INvoLuTION anp Evo.v- 
tion], and we have «?—x—2=0, of which the roots are less by 6 than 
those of the former equation. But in the second equation, one root is 
negative and one positive; consequently the roots of the first equation 
are one greater and one less than 6. In the same manner a more com- 
plicated case might be treated. 

The theorem of Descartes, and the notion derived from it, that the 
order of signs of coefficients regulates the signs of the roots; with the 


step made by De Gua, and the. notion derived from it, namely, that 
the derived functions must be consulted upon the question w 
the roots of an equation be real or not; and the common theory of 


ual , that when ¢ z=0 has m equal roots, m—1 of its 
derived functions (neither more nor fewer) vanish at the same time, or 
with the same root,—were the hints on which Fourrer [Broc. Drv.] 
was able to make an advance upon his The coefficients 
of, themselves nothing but the divided derived functions 
on 


"0 
—%, {3.3 =* 


4 no 
but changes. changes. changes. 
ox =38—Tat+11x+4, 9,2=922—l4r+1l, 9,2=92—7, oye=3. 
Now Descartes’s theorem tells us that there may be one negative and 
two positive roots, and we see that in passing from c= — © to x=0, 
or the whole range of negative quantity, there is one 
of 


; while in passing srewk end 0, am + C7 Sete are e 
w range of positive quantity, two of sign are lost. 
Fourier’s theorem would suggest itself as hi y prtdahia We say che 


who put Descartes’s theorem in the preceding form : it is as follows : — 
When z=a, let the sigus of ga, 9,4, 9,4, Kc. be ascertained, and let 
this be called the criterion series, or simply the criterion, Then in 
Resend Bra 4, te lone, to wat, the qnentes (grester Snel lees bons 
understood in the braical sense), i 


criterion never acquires 
changes of sign, it may lose them. When m changes of si 


i . And if no changes of 
from ato 5, there is certainly no root lying 


root tw 
is lost : 
. The remaining 
and lying between 0 and 1 : 
show that the former is 
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case. 
Fourier’s theorem is ed as follows :—changes of sign take place 
only when quantities me nothing or infinite; those before us 
cannot become infinite, and therefore the criterion can never be 
disturbed except when one or more of the set ga, 9,7, &c. vanish. 
Now when any function ¥, vanishes, say at «=a, its- previous sign 
must have been the contrary of that of its derived function, and its 
subsequent sign the same; that is, in passing from a—h to a +h, 
h being very small, xx ys° wust from negative to positive. An 
algebraical proof this, but none which in brevity 


be given o: 
prod ry > All ly Th 


function Vx x Ya is the derived 


function or differential coefficient of 4(Yx), a positive quantity. Now 
if Ya=0, 4(¥x)? must diminish (being positive) from pe rae cAe “=a, 
and increase from «=a to «=a+h. But a differential coefficient 
is negative when its function diminishes with an increase of the variable, 
and positive when its function increases with an increase of the 
variable. Consequently xx yx is negative from z=a—h to a=a, 
and positive from «=a to r=a+h; as asserted. We now proceed to 
the proof of the theorem. 

1. When x= —», the criterion is +—+— &c, or—+—+ &e.; 
and when z= +,it is +++ &c. or ——— &c. This follows im- 
mediately from the nature of the functions px, ¢,7, &c., in which, 
when x is numerically great enough, the sign is always governed by 
that of its highest term. Thus, in some place or places, so many 
changes are certainly lost as there are units in the dimension of 9, 
neither more nor fewer, unless changes be gained and afterwards lost. 

2. When = passes through a root of ¢x, as many changes are lost as 
there are roots of ox equal to that root. Let there be only one root 
equal to a, so that ¢,a does not vanish. We have then one or other of 
the following :— 


a=a—-h z=a xz=ath 


ge (+) Ory eee 
Qe — = ae + ae 
One change lost. One change lost. 


— mee onsb parentheses = those which ew from the theorem 
above proved. ¢,« cannot change its sign in the process, for b: hype 
thesis it does not vanish when «=a, aod teu toh ta acid hist ere 
shall be no root of ¢, between a—handa+h. At z=a—h, we must 
have $,xx px negative, and at c=a+h we must have it positive, by 
the theorem ; which gives the signs in parentheses as marked. 

Now let there be, say five roots see to a, or let ga, 9,4, p,a, p,a, 


ye 


¢,¢ all vanish, ¢,@ not vanishing. e must have then one or other o 
the following :— 
z=a-h z=a zr=ath z=a-h z=a x=ath 

Fee 0 = ge — 0 + 

oc — 0 - git + 0 + 

Gt + 0 = oot — 0 + 

oe — 0 - yt + 0 + 

oe + 0 = Ge — 0 + 

eet — ="s = oc + + + 

Five changes lost, Five changes lost. 


All the signs except those in the lowest line are dictated by the 
pa. theorem. Thus 9,7, in the first case, is negative by 
esis; now ¢,2 is $',2+-5, so that 9,2 xo,c must be negative 
before $,x vanishes, and positive afterwards. Hence $,© continuing 
negative, ¢,2 must change from positive to negative. Again, p,7x~ 
¢,« makes a similar change. The least consideration will show that, 
the signs in the lowest line being given, those in all the upper ones 
must be as written, 

3. When intermediate functions vanish, changes of sign are never. 
gained, but only lost; and are never lost but in even numbers, 
Suppose, for instance, that o,@ vanishes, but not ga nor-¢,a. We 
have then one of the four following :— 


z=a-—-h g=a zr=ath g=a-—-h x=a r=ath 

ge + + + gu = ar’ 
Qe + 0 _ Qc + 0 +s 
b  olaeese Ss a , ie = =a 

No change lost.* Two changes lost. 
pe. — = - gu ie — — 
Qe — 0 + Qe — 0 + 
oc + + + oe + + + 

No change lost* Two changes lost. 


The signs in the middle lines are dictated by the preliminary 
theorem. Next let $,a, $,4, %,4, >, vanish, but not $,a nor >,a. 
We have then, by the preliminary theorem, one or other of the four 


following :— 
z=a-h xz=a zs=ath a=a-h g=a x=a+h 

gst + + + ost — = — 
orc — 0 _ Qc — 0 = 
qc + 0 - Gat + 0 - 
tn 0 = or — 0 <= 
9,2 + 0 pos 9,# + 0 “s. 
Ges = Behe Dass 68.4 2= = = 

Four changes lost. Four changes lost. 
Pst — Pie ae ge + + a 
ge + 0 + GR 0 + 
oe — 0 + Qt — 0 + 
ot + 0 + ge + 0 + 
$,£ =o 0 + Rit = 0 + 
or + + + Pe + a + 

Four changes lost. Four changes lost. 


* Observe that in these cases a change is removed to a higher place in the 
series, nearer to the head of the criterion. 
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The same conclusions will be found from other cases, and we have | Vv, and v,, for instance, vanished together, the third equation shows 
now examined every way in which the criterion can undergo an altera- | that v, would also vanish, the fourth that y, would , and so on; 
tion in the order of the signs of which it is composed. And since, the | consequently v,, a given constant, also vanishes, which is absurd. 
function ren | of » dimensions, there are altogether » changes, and n iy; when any one after Vv vanishes, the preceding and following 
only, to lose, it follows that every pair of signs lost by the vanishing | must have different signs; for v,=0 gives v= —v,, v,=0 gives v,= 
of any of the derived functions, in any internal part of the criterion, i let v=0 


shows that there must‘be two imaginary roots: for there must be » 
roots only, every real root must be accompanied by a change lost at 
the head of the criterion, and every loss of changes which takes place 
anywhere else diminishes the number which can take place at the 
head. Again, since losses other than at the head of the criterion must 
take place in even numbers, it follows that of any odd number of 
losses, one must have been effected at the head, or must have risen 
from a real root ; or if not one, some other odd number. 

The manner in which the of sign take place is as follows :— 
When #=—o, or even when it is numerically greater than any 
negative root, the criterion presents nothing but c! Alterations 
of the criterion consist in: 1, Loss of one or more changes at the head 
of the criterion (showing real roots); 2, loss of changes in even 
numbers in the middle of the criterion (showing imagi roots); 3, 
elevation of changes, or alteration of their place in a direction towards 
the head of the criterion. This last takes place only when an odd 
number of derived functions vanishes, the including functions Ate 
ceding and following) having different signs. So soon as a root 
been passed, there is a permanency+ + or—-at the head of the 
criterion; before another root is arrived at, this permanence must 
have become a change, since a change there must then be at the 
head to be lost in passing through the root. Hence it follows that 
between two roots of gx=0, there must lie a root of ¢’x=0; and 
this root is either single, triple, quintuple, &c., but not double, 
quadruple, &o 

For example, let ¢a= 24 — 7254 152°—10x+ 2, 
$,e= 4e8— 212+ 302-10, $,7=6227—21r+15, 
o3e=4e—-7, o,e=1. ’ 

There are no negative roots, as is obvious from their being nothing 
but changes among the co-efficients; if we construct the criteria for 
xz=0, 1, 2, 3, and 4, we find the following results :— 


eT 2S yet 
ge tir + — + 
| dace s ae Paar ot As 
e+ 0 - + + 
Gs —- a t t+ 
Gt t+ + + + + 


When z=0, the criterion shows four changes; at z=1, it is inde- 
finite, owing to ¢,1=0. But immediately before x=1, ¢,« must, by 
the preliminary theorem, have the sign contrary to that of ¢,~, or the 
sign +; oneenieeay, for z=1—h, however small h may be, the 
criterion must +++—+. Two of sign are therefore 
lost in passing from «=0 to x=1, and there are either two real roots 
between 0 and 1, or two im roots. To try this further, let 
«=}, the criterion of which is — + +— + ; so that there is one root 
between 0 and 4, and another between § and 1. When +=1+4, the 
criterion is ++——+, so that there is no root between 1 and 
2. Lastly, there is one root between 2 and 3, and one between 3 
and 4, 

The theorem of Fourier, though very convenient in practice, is 
defective in theory, as requiring an indefinite number of trials. If two 
roots were very nearly equal, it would require very minute subdivision 
of the interval in which they are first found to lie, to distinguish them 
from a pair of imaginary roots. This theorem was not published till 
1831, in Fourier’s posthumous work, but its author had made his 
methods known, and among others to the late M, Sturm, a young 
Genevese, employed in the bureau of M. de Férussac, editor of the 
bulletin whic 
who died a few years ago, Sturm applied himself to the detection of 
functions which should stand in the place of oz, 9,2, 9.x, &c., in such 
manner that the criterion formed from them, in the same way as in 
Fourier’s theorem, should never lose a change of signs except in pass- 
ing through a real root. In this he signally succeeded; and thus, 
though his theorem presents great practical prolixity of detail, he fur- 
nished a complete solution of the difficulty which had occupied 
analysts since the time of Descartes. This m may be proved 
as follows :— 

Let there be any number of functions y, V,, V,,.-.. Vy, the last of 
which is a constant independent of z, and all but|the last are functions 
of z, Let them be connected together by the equations— 

Vv =P,V,-Vy 
Vi =PsVa—Vay 
Va=P3Vs—Vuy 


; Vr-3= PV —1 — Vr, 
p,P,, &e., being any functions of x, which do not become infinite 


when v,V,, &c., vanish; From this it follows, first, that no two con- 
secutive functions of the set v, v,, &c.,can vanish together ; for if 


bore his name, afterwards a member of the Institute, algeb 


—V,, &e.. Now call the signs of v, v,, &c., the criterion, 
when «=, there being only one root of that value, so that v changes 
in from w=a—h to w=a+h. Since v, does not vanish 

ith v, we have one of the four cases following :— 


gma-h a=a zeath w=a~-h zea 2=a+h 

v _- 0 + + 0 ~ 

v, — = - ~ a é 

Vv -— 0 + + 0 — 

2 + + + + +. + 
If v, be the derived function of v, only the second or third cases 
can happen, by the theorem so often used in the preceding of this 
article; so that a change of sign will be lost at the head of the criterion 
for every single root of v=0. Nor will any change of sign ever be 


gained or lost in any other manner; for suppose «=a gives v,=0 


w=a—h to w=a+h,if each be so small that no root of y. 
lies between a+h and a—h, we must have one of the 


cases :— 
w=a-h z=a z=ath a=a—h g=a f=at+h 
Y= > = + + + 
Te? of 0 + Bi 0 te 
Vv; + + + - = _ 
In no one of these is any change of lost, or anything except a 


and a permanence when z=a—/, and a change and a 1 
nence, in a different order perhaps, when «=a +h. Consequently, if in 
passing from «=a, the less, to e=b, the greater, it appear that no 

of sign are lost, it is certain that there must have been no real 
roots of v=0 between c=a and «=b. coal 

Now, y, being the derived function of y, it remains to find Y,, ¥,, 
&c. Divide v by v,, which is of one dimension lower, and we haye a 
quotient, say P,, and a remainder R,. Then v=P, V+R or V,=—R. 
Again, divide v, by v,, giving a quotient P,, and a remainder R,: we 
have then V,=P, V,+R, Or V;=—R,; and so on. It appears, then, 
that v,, being the derived function of v, we must proceed as in = 
the greatest common measure of v and v,, only c ing the sign 
every remainder as fast as it is obtained. In order that the last, v,. 
may be a finite constant, it is requisite that there should be no eq 
roots. We must then suppose the equal roots to be separated before- 
hand, as in the usual method, In fact, this very process of finding the 
greatest common measure, with or without change of sign in the 
remainders, will first detect the equal roots, if any. It is important 
to remark, that at any step multiplication by any positive quantity is 
allowable, the signs (the ah things we have to do with) not being in 
any case altered by such multiplication. : 
n Ixvoturion anD Evotvtion a method of performing the 
operations required in Sturm’s theorem was » Which avoids 
useless writing. Mr. Young (‘Math. Dissertations, p. 143) pro- 
posed another, of much the same degree of abbreviation. Sturm’s 
theorem however requires so much operation, that there can be little” 
doubt of that of Bourier ing a more easy mode of working any 
particular case, It is not however as a key to the mere piel 
aire of ig So eh ary either of bo waa must be viewed: 
é insight which they give into the nature uations, and still 
more that which they are likely hereafter to give (for neither is more 
than a germ), will render them both important steps in the progress of 


ebra, 
Since it is sufficient to the theorem that the last function v, should 
retain one sign, and not vanish, we may stop in the process when 
we arrive at any function of which all the roots are known, or can 
be discovered, to be impossible. And it is easily shown, as was done — 
by Sturm himself, that eyen when there are equal roots, so that the 
last, V,, is neither constant nor always of the same sign, the theorem — 
still remains true, so far as to give the number of different roots 
which lie between any two given limits, without any information as 
to the number of times which each root should be repeated. ' 
For instance, in the article cited we find 


V =21-308—22+2-8 
V,=4025°—922—42+1 
V,= 4307 + 45 


We need not go further, for vy, has none but imaginary roots. Now 
when «= —o, the criterion is +—+ ; when a=0, it is — + + ; and 
when «= +0, +++. Consequently there is one negative root, one 
positive root, and a pair of imaginary roots, : 

The following example is from Mr. Young (p. 191): it is an instance 
given by Fourier in illustration of his own method, and Sturm’s is_ 
applied to it by Mr. Young, to show {the superior certainty of the 
latter, Of that certainty no one can doubt, but the process exhibited 


= 
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in the page cited is such as will never come into general use unless the 
work can be made more easy :— ‘ 
“ ¥ =2—225 —323 + 42° 5r+6 
¥, =72* —- 1024-929 + 82—5 
Ve = 22 + 625—102°+ 152-21 
V;— 6224. - 7025 + 1232°—163x +10 
V, — — 440323 + 8862z*—19810x + 20531 
V,= 20086522 + 4897902— 1169472 
V,, = 187355a — 270632 
V,= 4 positive constant, 


. Here the criteria for c=—» , 2=0,2= + are 


t=—% —+—+++—F+ five changes 
x=0 +——++-——+ four changes 
Z=+0 ++++—++4++4 two changes. 


There are then one negative root and two positive roots, and there- 
fore four i ones. The reader will easily find that the positive 
roots lie between 1 and 2, and the negative root between —1 and —2. 
The exhibition of the 


process, leaving out the actual performance of 
400 figures in ‘Mr. Young's work. u 

merely written down the derived functions, which is done at t, and 

formed i 
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expression. Among 
application of it, retained always considerably more of its antecedent 
meaning than it does with us. We say not 


only st; 
eyle of spell ine , but style of ie sa ad wc itecture le of 
dress, sty of anything in which form or manner is oonceived to , in 


mere roanver in the widest or loosest sense. . 
i ing, may of course mean a bad style as well 


Style, in writing or s 
asa style. Yet when word stands alone, we always - 
it in the latter sense—just as when we 


of ion in 
i Thus, Swift 


e true definition of a 


by 
of words; second, their collocation or ment. 
- fa volacts fe oollonetia 


that the impression upon the wax is the creation of the seal; 
assumed i 
ensuring of a style of any degree of excellence is the possession of a 
f thought. 


wer ¢ 
that this To an langihalaod on 


Seotiy and effectively than the other, i 
use of which must be learned like that of any instrument, le 
is rather the vehicle than the mere expression of thought; and 


ornaments and sets off Sangh, not only by the added charms of 
sound, but by other powers w 

thought knows nothing. As there are “ thoughts that 

,” 80 there are“ words that burn "—that by their associations 


excite impressions of the grand, the pathetic, or the humorous, whether 
they are addressed to the ear or merely to the eye. And great effects 
are also to be achieved by the arrangement of words, not only in the 
production of melody and cadence, but in a higher kind of gratification 
or excitement—as by the luminous disposition of all the parts of the 
sentence, by the presentment of every term at the place best fitted to 
bring out its whole import, by all the resources of what the ma- 
rians call inversion, ellipsis, and other figures of speech ; which, indeed, 
wherever ba ge properly used, are no deviations from natural syntax at 
all, but, on the contrary, the most natural forms that can be employed. 


For, while writing is an art, it is nevertheless most true that, like all 


the other arts the purpose of which is to give expression to mind, the 
guiding and controlling principle of its exercise, its life and being, as 
we may say, must ever be as exact and sympathetic a conformity as 
possible to the thoughts or emotions of the writer. Whatever more 


The lowest kind of writing that deserves the name of a style at all 


(unless it is to be called a bad style) ought, as we have observed, to be 
perf is to say, readily and completely intelli- 
ible in so as the i 


far understanding of it depends merely u a 
oat of the language. The subject may be a difficult My ected 
that is only a reason for more pains being bestowed to make the style 
clear and easy, by a lucid arran and the avoidance of all 
ambiguities of exp: 
be 


icuity is at times to be sub- 
te effects which could not be 
Eschylus, no doubt, might have made his cho- 
tus his historic pictures, more easily 
for the use of such readers as would 
greater diffuseness and dilution of 
the attempt. What is to be desired in the highest kinds of writing, as 
com 
hensibility at a glance, but rather that fulness proniayaiey of 
meaning which can never be wholly comprehended, but supplies 
inexhaustibly something new to be seen and felt every time we return 
to oe work, se ‘es , 
n every cultivated language, however, the progress of style is 
decidedly towards more and more of first-sight intelligibility, in so far 
as that depends upon precision of phrase, and the use of words in 
certain limited meanings. This has been remarkably the history of 
the English language, at least for the last two hundred and fifty years, 
during which we have been fixing both our grammatical forms and our 
rules of syntax to an extent that would surprise most persons if the 
evidences of it were stated in detail. Whether all that has been done 
in this way has really improyed the language,—whether it has been 
thereby rendered more expressive, more flexible, more fitted for the 
various ends which a language ought to subserve, may perhaps be 
questioned, The gain in point of precision may possibly be more than 
balanced by the loss both in ease and in variety of style. 
In another respect, however, English prose eloquence has undergone 
a change of character in an opposite direction, by the page infusion 
which it has received of a colloquial tone and phraseology within the 
last century and a half. Till towards the close of the 17th century, 
the language of books, except in the comic drama and other light com- 
positions of a kindred character, generally preserved a formality of gait 
and manner which distinguished it nearly as much from living con- 
yersation as the critics have held that the lan of verse should be 
distinguished from that of prose. Among the most eminent of the 
writers who first broke through this species of restraint were Cowley, 
in his Essays; Dryden, in his prefaces and other prose discourses ; 
Sir William Temple; and the third Earl of Shaftesbury. The example 
set by them was followed by Swift, Addison, Steele, and their associates 
and imitators, till, in the earlier part of the last century, the colloquial 
ease and liveliness, which had thus become fashionable, threatened to 
degenerate into a slovenliness, or shambling fluency, alike without either 
elegance or precision. It must be admitted, that of all the writers of 
the second quarter of the 18th century, Lord Bolingbroke, whatever 
opinion may be entertained of his of thought or weight of 
matter, wrote the best style, at once the most flexible and idiomatic, 
and the purest, most refined, and most musical. But probably the 
writer who on the whole did most to restore measure and emphasis to 
our prose style was Johnson : his manner has not been much copied in 
all its peculiarities or in its entire character, but yet more or less of its 


o 
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influence may be detected in the style of nearly every one of the more 
remarkable writers who have subsequently appeared among us. At 
the same time, however, examples of altogether a different ¢ 

were also producing their effects ; and the rude vigour of Warburton, 
the reps! of Sterne snlesdoat ot B ag above all, ae rapidity, 
variety, imaginative our of Burke, have all operated power- 
fully in forming the greatest of our later writers. Finally, with all 
these influences have mingled and co-operated two others which have 
also been impulsive and generative to a considerable, though not both 
to the same, extent: on the one hand, the revived study of our 
old Elizabethan literature; on the other, the new life and spirit that 
has been put into literature, as into all things else, by the political and 
social convulsions of the last fifty years. These two influences, though 
thus apparently opposite in origin, have proved rather mutually assistant 
than contradictory, 

Purity of style is more intimately connected with many apparentl. 
higher things than is commonly supposed. When it is pe arsee § 
indeed, what the wrong use of a word springs from and implies, the 
mischief it is apt’to occasion is easily understood. It is produced by a 
confusion of thought, which is propagated wherever the vicious mode 
of expression prevails, and which, besides the injury done in the od 
ticular case, helps generally to impair the habit and the faculty of clear 
and correct thinking. Yet words, for obvious reasons, have a strong 
tendency to shift their signification ; if a language were to be merely 
spoken, and not written, this would be constantly taking toa 
very great extent; the only thing that can check it, that can furnish a 

ically available standard of the language, is the employment of it 
in writing. Originally, indeed, the principles upon which it is written 
must be taken from its spoken form—from the usus et norma loquendi ; 
but afterwards commonly the spoken language both will be and ought 
to be rather regulated and controlled by the written . If it 
should continue to be otherwise, the language would not improve, but 
would degenerate towards barbarism ; for there could be no progress 
in any other direction, in this or in anything else, where the com- 
parative slovenliness and incorrectness of extemporaneous precipitation 
were allowed to it over the best efforts of deliberation and care. 

STYLE, OLD AND NEW. By the Old Style is meant the mode 
of reckoning time anterior to the Gregorian reformation of the 
calendar; and by the New Style, that adopted since. The adoption of 
the reformation at different times by different countries renders it 

to remember the difference of their reckonings, as follows :— 

The reformation took place in 1582: from thence to the end of 
February, 1700, new style is ten days in advance of old style. Thus 
January 1 (O. 8.) is January 11 (N.S.), and so on. 

From and after March 1, 1700, to the end of February, 1800, new 
style is eleven days in advance of old style: thus January 1 (0. 8.) is 
January 12 (N. 8.). 

The new style was adopted in England by 24 Geo, II. (1751), which 
enacted—1, that the year 1752 should begin on the 1st of January 
instead of the 25th of March, which was then the /egal commencement; 
2, that the 3rd day of September, 1752, should be called the 14th, or 
that the days from the 3rd to the 13th inclusive should have no 
nominal existence. Accordingly, the year 1751 had no January, 
February, nor March up to the 24th inclusive; and September wanted 
eleven complete days. 

According to Sir Harris Nicolas, the new style was adopted as 
follows :—By Denmark, France, Holland, and most of the Low 
Countries (some towns excepted), most of Italy, Lorrain, Portugal, 
and Spain, in 1582; by German and Swiss Catholics in 1584; by 
Poland in 1586; by Hungary in 1587; by German and Swiss Pro- 
testants, and the remaining parts of Holland, &c., in 1700; by Tuscany 
_ 1749 or 1751; and by Sweden in 1753. It is not yet adopted in 

ussia, 

It was at one time sometimes the mode to express the date in both 
styles. We have an old letter written from France to Holland in 1619, 


as we should now call it, the date of which is Février 1618 


[Pertops or Revo.vrioy.} . 

STYLOBATE. In its general meaning this term signifies any sort 
of basement upon which columns are placed to raise them above the 
level of the ground or floor; but in its technical meaning it is applied 
only to a continuous unbroken pedestal, upon which an entire range of 
columns stand—in contradistinction from pedestals, which are merely 
detached fragments of a stylobate placed beneath each column. The 
Greeks very rarely employed the stylobate, but placed their columns 
immediately upon the floor of the clevated platform of the gradini, or 
deep steps, which served as the basement of the temple, and which 
were generally continued on every side. [GrecraN ARCHITECTURE. ] 
The Romans, on the contrary, broke up their stylobates into distinct 
blocks or pedestals placed beneath each column: and most followers 
of that or the Italian school have considered pedestals of that kind to 
be almost essential to an entire order, and have laid down proportions 
accordingly, which are in themselves exceedingly faulty, being much 
too high. At the best, columns upon detached pedals always look 
as if placed upon stilts, and where such pedestals are as high as they 
are sometimes made, the columns seem to stand very insecurely, and 
the effect is very much like that of a round column immediately placed 
upon a dwarf square one, 


sd 


STYPHNIC ACID, [Puenyiic Grover.) 

STYPTICS (from orurruds, “astringent” , agents which check the 
flow of the fluids, generally of blood,! rom a relaxed or ruptured 
vessel, They are a kind of astri t, and the principle of their mode 
of action has been already detail Asraincents.] The only point 
requiring notice here is to enforce the necessity of their prompt em- 

loyment, as the natural disposition of the blood to coagulate becomes 
ie and less as it continues to flow, till fainting be induced, anda 
cessation of the current results, after much peed is ane Sd the 
system. The bleeding may be spontaneous, as uently the case 
with young persons, ron whose nose blood frequently flows, even 
when perfectly quiet, but still more frequently when running or lifting 
some heavy weight, or it may be the consequence of a wound, such as 
a leech-bite, or of the extraction of a tooth, or caused by some cutting 
instrument. Those astringents are alone entitled to be called 
which can be applied directly to the bleeding orifice ; and of these some 
act chemically, others vitally, and others merely mechanically. Of 
chemical styptics, a saturated solution of alum, or sulphate of zine, 
creasote, are the best. Strong acetic acid acts both chemically and 
vitally. When bloqd continues to ooze from the socket of a tooth, 
it is a useful plan to plugit with a sponge-tent, which, as it expands, 
quite fills up the socket, and restrains the hemorr! 

A few drops of collodion upon a leech-bite, or the nap from a hat, or 
a spider’s web, may be used. 

STYRACIN. [Sryrone.] 

STYRACONE. [Srrronz.] ; ys 

STYRAX OFFICINALIS is the source of the officinal storax, 
although an article is occasionally vended under this name, which is 
obtained from the Liquidambar styraciflua, and perhaps other species 
of Liquidambar, yet in the London Pharmacopcvia, it is said to be the 
produce of an unknown plant. Of genuine storax there are several 
varieties, and of those known to the ancients many are now altogether 
unascertainable, while of those mentioned by even recent writers 
several are very rare, and not of commercial importance, The tree 
grows in Greece and Asia Minor. Asiatic Turkey supplies whatever is 
met with in commerce, It is procured by incisions in the bark, or 
perhaps from the’punctures of insects. What flows from these openings 
is a liquid resinous substance, which concretes into small tears, about 
the size of peas; these, aggregated into masses, constitute the styrax 
albus, which is of extreme rarity. Another form is that called amyg- 
dalvides, also of great rarity and extravagant price. It is sometimes 
termed calamita vera. The commercial article is of various degrees of 
purity and excellence. One kind is called storax calamita vulgaris, or 
Scobs storacina, This always contains more or less sawdust, mixed 
with variable quantities of resin. It is generally in large round cakes, 
of a brown colour, verging to red or black, with fragrant odour, brittle, 
and friable, but softens in the mouth, and has a bitter taste. It burns 
with a light flame. It is considered -to be an artificial compound, 
prepared chiefly in Venice and Trieste. Liquid storax contains— 
volatile oil (styrol), a trace only; resin, both soft and hard, from 32 
to 53 per cent. in different specimens; benzoic acid, from 1 eK od 
cent, ; gum, 7 to 14; woody fibre, 20 to 27 ; ammonia, an inappreciable 
quantity ; cinnamic acid and styraci 

Storax is stimulating in a degree dependent on its purity. For 
medical purposes it is directed to be purified by solution in alcohol, 
straining, and afterwards distilling off the spirit. The residuum is 
then used in a few preparations, such as tinctures and pills. It 
formerly entered into a multitude of compounds, but it might be 
altogether supplanted by benzoin. It is much used to form pastilles, 
and for fumigations. The bark is called cortex thymiamatis, or corter 
thuris, from which, by boiling, liquid storax is B akereie as well as from 
the Liquidambar, There is a storax from Bogota, but its source is 
unknown, though Geiger ascribes it to a st 

STYROL (C,,H,). An essential oil existing in the gum resin, or 
balsam, of storax. [Batsams.] It is obtained on distilling a mixture 
of three parts of storax and one of carbonate of soda with water; and 
is purified by rectification after drying over chloride of calcium. It is 
colourless and limpid, has a persistent aromatic odour, and boils at 
293° Fahr. It is isomeric with cinnamol or cinnamene, but is dis- 
tinguished by being entirely solidified when heated suddenly to 400° 
Fahr. The solid is a polymeride of styrol and is termed metastyrol, or 
draconyl, the latter in allusion to another source, namely, dragon's 
blood resin (Dracena draco). ; P 

oan is miscible in all proportions with alcohol or ether ; is neutral, 
and a density of 0°924. Sulphur and phosphorus are soluble in 
it. Nitric acid converts it into benzoic and nitrobenzoic acids; oily 
and resinous bodies being simultaneously formed. Chlorine and 
bromine form with styrol chloride and bromide of cinnamene. 

Metastyrol is insoluble in water or alcohol, is only slightly soluble in 
ether, and has neither colour, odour, nor taste. It softens on the 
application of heat, and at a high temperature is reconyerted into 
styrol, Nitric acid transforms it into nitrometastyrol. 


STYRONE (C,,H,,0, = id 0,). Cinnamie alcohol, Styracone, 


Peruvine, Cinnamyl-styrone or styracin, or metacinnamenc ( ore } 0,) 
1, ™2 


is found in liquid storax and in balsam of Peru. On distilling either 
of the latter with strong caustic potash or soda, the styrone passes 
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over along with water. On adding common salt to the water, a cream- 

and gradually solidifies to an acicular 
ted and boils at 482° Fahr. Its 
has an agreeable odour resembling that of hyacinths : it rapidly 
i By peroxide of lead and caustic potash, or by 
is oxidised to cinnamic acid. nder the in- 
black it is converted into the aldehyd of cinnamic 


alcohol (Cyt) or hydride of cinnamyl, identical with the essen- 


ol ragry or a is ‘obviously polymeric with the 
hydride of cinnamy] just mentioned :— 
pes st) 


C, Hy 
CisHtt0, }°# 

STYX or Ervyds b5wp). In the ancient mythology the Styx 
sen boeRea ba tar wel civee of the lower world, round which 
it flowed nine times. (Virg.,‘ Ain.,’ vi. 439.) It was believed to be 
an arm of the river Oceanus, which flowed round our earth, and the 
river rapes agahont rg Age ae gh i mpl eg When the 
gods of the ancients pga ces, Sag tues neers Ue the weer 
of Styx, and awful punishment awaited him who swore ly. The 
divinity of the river Styx was a nymph of the same name, daughter of 
Oceanus and Tethys, who dwelt at the entrance of the lower world in 


om grotto supported by silver columns. , (Hesiod, ‘ Theog.,’ 
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Since all parallel sections of a cone are similar, it follows that thro’ 
every point of the surface two subcontrary circles can be drawn. 
surfaces of the second order generally have the same property. [Sur- 


Thus, in of c, F is the sub-dominant. 
SUBDUPLI TE, SUBTRIPLICATE. [Ratto.] 
ARTS AND SCI. DIV, VOL, VII, 


SUBERAMIDE. [Superic Acr.] 

SUBERANILIC ACID. [Suseric Acrp.] 

SUBERANILIDE. [Superic Acr.] 

SUBERIC ACID (C,,H,,0,2HO). An organic acid produced by 
treating rasped cork with diluted nitric acid; the cork is slowly dis- 
solved, and a fatty substance is formed, which floats on the surface of 
the fluid. The solution is slowly evaporated till it thickens, and the 
residue is treated with about eight times its weight of water, by which 
an additional quantity of fatty matter separates. When the solution 
is filtered, suberic and oxalic acids separate, the former in the state of 
a white powder ; this is to be saturated with ammonia, and the suberate 
of ammonia formed being decomposed by an acid, the suberic acid 
precipitates in the state of a white powder, which is to be washed with 
cold water. Suberic acid may also be obtained by treating margaric, 
oleic, or stearic acid with nitric acid. The properties of this substance 
are, that its acid powers are but feeble; it is very soluble in boiling 
water, and the greater part of it is deposited from the solution on 
song in the form of a white powder ; it is soluble also in anhydrous 
alcohol ; fuses at about 300°; and sublimes in acicular crystals. 

The suberates are not an important class of salts; we shall therefore 
mention them briefly. Suberate of ammonia is soluble in water; the 
suberates of potash and soda are deliquescent, and fusible without 
decomposition : those of lime, baryta, strontia, magnesia, alumina, and 
manganese are more or less soluble; protosuberate of iron is a white 
precipitate ; the persuberate is a brown one : the suberates of tin, zinc, 
mercury, and silver are white insoluble substances: that of cobalt is 
red, of copper blue-green, and uranium yellow. 

By the di ion of suberic acid with excess of quicklime, a body 
termed suberone or hydride of suberyl (C,,H,,0,) is produced. The 
following bodies are also derived from suberic acid :— 


Suberamide . . . . . + C,H, «N20, 
Suberanilide . . « «. « + CyyHa,Ns0, 
Suberanilic Acid . . . . + CygH, 9NO, 


SUBERIC ETHER. [Eruyt.] 

SUBERIN is a peculiar substance so named by Chevreul, as obtained 
from common cork, the epidermis of the quercus suber. When ten 
parts of cork have been treated with water, alcohol, ether, hydrochloric 
acid, potash, &c., there remain seven parts, which are suberin, possess- 
ing the following properties :—it is very inflammable ; by distillation 


to | it yields water, a colourless oil, and afterwards a act Wea one, all of 


which are i then ammonia and a fatty c : ised substance are 
uced, various gases are disengaged, while charcoal equal to 
persed of the suberin remains in the retort. (Ce~Lunosr.] 

SUBERONE. [Suseric Acm,] 

SUBJECT, SUBJECTIVE. These words, with their correlatives 
Object and Objective, are now again restored to English philosophical 
language, through the medium of the German writers. The Subject 
is in philosophy invariably used to express the mind, soul, or per- 
sonality of the thinker—the Ego. The Object is its correlative, and 
uniformly expresses anything or everything external to the mind; 
everything or anything distinct from it—the non-Ego, The universe 
itself, when considered as a unique existence, is an object to the 
thinker; and the very subject i (the mind) can become an object, 
by being psychologically considered. 

The distinction is most important. The exact distinction between 
the terms subject and object was first made by the schoolmen: for by 
the Greeks the word éroxeluevoy was equivocally employed to express 
either the object of knowledge (the materia circa quam) or the subject 
of existence (the materia in qua). These correlatives, subject and 
object, correspond to the first most important distinction in philo- 
sophy, namely, the original antithesis of self and not-self. These 
terms, in their substantive and adjective forms, passed from the 
schools into the scientific language of philosophers. 

SUBLIMATION, a chemical operation effected by the application 
of heat to certain bodies; it is essentially similar to distillation in 
principle, but differs from it in the nature of the substances to which 
it is applied. In distillation liquids are converted into vapour, and 
condensed into the same form by the cooling agency of water ; whereas 
in sublimation solid bodies are vaporised, and afterwards reassume the 
solid state, in general merely by the cooling power of the air, without 
the assistance of cold water. 

Sublimation is usually conducted in one vessel, the product being 
deposited in the upper part of it in a solid state, while the impurity 
remains in the lower. In small experimental researches a Florence 
flask answers perfectly well, and a good exemplification of the process 
is that produced by heating iodine in it: a e vapour rises, which 
almost immediately condenses in small brilliant dark-coloured crystals 
in the upper part of the flask, the impurity remaining in the lower. 

Sublimation is extensively employed, and for two different purposes ; 
the simplest case is that of using it for purifying a substance, camphor 
for example, in which the pure camphor is vaporised, and condenses 
in the upper part of the vessel, while the impurities remain in the 
lower part. 

In preparing corrosive sublimate and calomel, these substances are 
formed and sublimed by the same tion : in general large green- 
glass vessels, called boltheads, are wad for calomel and sae subli- 
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mate; while for camphor very thifi filn Véeseld d#é iséd, Which 
are called bombolos, from the Italian bombola; in both cases a vessel is 
broken after each operation, to obtain the prodiict. Atnong other 
substances procured by sublimation is benzoic acid, formetly called 
flowers of benjamin, This acid is sublimed in much larger vessels, and 
not usually madé of glass; while the of sulphur is condensed 
in a large chamber, or sulphur-hotise, and adheres to the walls in the 
form of a fine powder, known by the name of sublimed sulphur, or 
Rowers of sulphur. [Drstinatios.] 
SUBLIME (Geometry). It may be worth while to state in few 
words, and to rit & reader of the older miathematiciatis front 
imagining that they spoke y, that the term sublime g 

in which the 

ed, 


was technical, méaning the er parts of ; 
infinitesimal calculus or something equivalent was emplo: 

SUBLIMITY has two significations: one, that of the quality or 
cireumstance in objects, which raises the emotion named sublimity; 
the other, that the emotion itself. The nature of the sublime, 
that is, those conditions of objects which invariably excite in us certain 
emotions, to which we give the common name of sublimity, is a subject 
of great interest and importance in Payohology and has always been a 
favourite subject of speculation. es briefly notice the more 
celebrated theories which have oo to embrace and explain all 
“ those conditions which excite the emotions,” and endeavour to point 
out their failures. 

Longinus, whose work (Tlep) SYous) is the most ancient, treats only 
of the sublime in writing. His treatise was meant as a supplement 
to the work of Csécilius on the ‘ Sublime, in which he says Caeilius 
brought a number of instances to show what is the sublime, as if every 
one did not know that well enough. 

Burke's ‘ Inquiry into the Sublime and Beautiful’ was the first 
attempt to give philosophical precision to our notions of the sublime. 
His theory is, that the essendée of the sublime consists in terror operat- 
ing either openly or latently; and the delight which is jcaused by this 
terror is rtaied to those principles of human nature which he calls 
“ passions of self-preservation,” and which turn on pain and danger, 
These passions “are simply painful when their causes immediately 
affect us; they are delightful when Wwe have an idea of pain and danger, 
without being actually in such circumstances: this delight I have not 
called pleasure, becausé it turns on pain, and because it is different 
enough from any idea of positive pleasure—whatever excites this 
delight I call sublime.” (* Inquify, i., sect. 18.) “ Whatever, there- 
fore, is terrible, with regard to t, is sublime too, whether this 
éause of terror be endued with greatness of dimensions or not.”  (Ibid., 
part ii, sect. 2.) Nothing can be more explicit than these two pas- 
sages, nor more accurately exhibit the truth and error of his theory. 
The error is glaring in the second passage. Terror is often one feeling, 
exciting, in conjunction with other feelings, the emotion of sublimity, 
but not always. The stars are sublime, yet there is no terror in the 
emotion they ex¢ite. On the other hand there is a terror in a stirgeon 
abvut to operate, or in a pedagogue about to flog—but no sublimity. 
The gallows is very terrible, but not at all sublime. Yet Burke was 
so chained down by his theory of terror being the ruling principle of 
the sublime, as to write—“ There aré many animals who, though far 
from being large, are had capable of raising ideas of the sublime, 
because they are considered as objects of terror—as ts and 
poisonous animals of all kinds.” (Ibid., part ii., sect. 2.) Now, when 
a man asserts that a serpent is sublime, because it is terrible, it is 
evident that he uses the word sublime in a different sense from 
the rest of the world; otherwise we say a serpent is in no case 
sublime, 

That the terrible is often 4 constituent of the sublime there can be 
no doubt, and Burke's error consists in this 6ecasional con- 
stituent, and declaring it to be the “ ruling principle.” And further, 
we must observe, that whenever a feeling of terror is found to be a 
constituent of the sublime, there will also invariably be found another 
feeling of security, correcting this terror. Thus, when we stand 
beneath a rock, the terror consists in a natural apprehension of its 
falling down and crushing us, which apprehension is instantly checked 
by our feeling of security and confidence of its not falling. If this 
feeling of security did not momently check the feeling of terror, the 
effect would be terror only, and not sublimity, and we should esca) 
from it as swiftly as possible. So universal is this accompaniment of a 
feeling of security correcting the feeling of danger in every case of 
sublimity wherein terror is a constituent, that we are as much justi- 
fied in asserting that “a feeling of security, either operating openly or 
latently, is the ruling principle of the sublime,’ as Burke was in his 
theory of terror. If terror had been found to be an invariable element 
of the sublime, the correct statement of the would have been— 
“ The sublime is the effect of the eonéurrence of the two feelings of 

and security.” But unfortunately there are many cases in 
which no feeling of danger ean be found to exist. Infinity and eternit 
are sublime; but although, as he says, “infinity has a tendency to fil 
the mind with that sort of delightful horror Which is the most 
genuine effect and truest test of the sublime,” yet it does not 
necessarily fill the mind with horror; it may or may not, but in 
either case it is wublime. Helvetius says, “When God said, ‘ Let 
there be light,’ and there was light; this image is sublime, But 
should such an image inspire fear? Yes; because it is necessarily 


assdciited ini our minds With the idea of the Creatof of stich a : 
and being then seized in an involuntary manner with a dread of 
author of light, we feel the sensation of a commencing terror.” (* On 
Man,’ vol. ii.) Now we contend that although fear would arise 
from sch @ train of thought, yet this train SFigens hy 
meats a necessary sequence to the image— God said, Let there 
be light, and there was light.” It may of may not arise in the 
nba the matali produced by the is not at all dependent 
upon 


same as those to : 
Burke's theory, namely, that it embraces a portion of the truth, whith 
it would substitute for the whole truth. We have only to refleét an 
instant, and numberless instanées of the sublime arise in which ho 
mental en is implied. Solitude, for example, is certainly sublime } 
80 are infinity, eternity, Mont Blanc, &e. Mental energy is , 
more com ve formula for sublimity than terror, but it is 
incomplete; and if one instance of sublimity can be quoted which does _ 
not contain the element asserted to be its ‘ruling principle’ itis 
obvious that the th must be erroneous. : 
Dugald Stewart’s ‘Essay on the Sublime’ is entirely philological, 
and as such alone worthy of attention. P 
Dr. Thomas Brown combats the notion of a universal sublime, but 
avoids the real question altogether. All that is positive in his lecture 
on the subject is that the sublime and beautiful are not nc 
classes of emotions, but thé same class, differing only in degree. “ It 
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causes that had no resemblance ; certainly as different 
of sublimity and beauty.” (* Lectures on Philos. Mind,’ lvii. 
Sf tue oad Well bo feos etvscese thas 60 tus uu GREY Gana 
Misled by his analogy, Dr. Brown has falsified the whole nature of the 
sublime, which, according to him, is but a larger or intenser form of 
the beautiful, whereas it differs essentially and antagonistically. 
takes the instance of a stream gently gliding through fields ri 
all the luxuriance of summer, overshadowed at times by the 
that hangs over it from bank to bank. This is beautiful. 
traces it on to a majestic river, which flows on and di 

the ocean, Here it becomes sublime. And this sublimity he thinks 
merely the last in the progressive series of emotions, as the boiling- 
point is the last in the progressive series of ascending heat. “If we 
were to contemplate this continued progress, we should have a series 
of emotions which might at each moment be similar to the preceding 
emotion, but which would become at last so different from our earliest 
feelings that we should scarcely think of them as feelings of one class.” 
(Ibid. - 

The answer to this is, that upon a similar principle of a 
reasoning, you might trace the “ progressive series” of feelings whi 
the man underwent from his earliest childhood; and when this series 
had conducted him to the gallows, you pa say that his feelings at 
that moment were so different from his earliest feelings, that we should 
scarcely think of them as feelings of one class. Probably not. Nor 
should we, in our ethical philosophy, class the crimes which brought 
him to the gallows, with the innocence which commenced the “ pro- 

ive series ” of his emotions. 

The whole of Dr. Brown’s lecture on this subject is trivial or con- 
fused ; and because he is unable to analyse the feeling itself, he boldly 
pronounces it not to be analysed. “It is the vain attempt to define 
what cannot be defined,” he says, “that has led to all the errors and 
supposed mysteries in the theory of sublimity. Sublimity is not one 
emotion, but various emotions, that have a certain raestablananealiog 
sublime in itself is nothing; or at least it is only a mere name, indica- 
tive of our feeling of the resemblance of certain affections of our mind, 
excited by objects material or mental, that agree perhaps in no other 
cireumstanee, but in that analogous undefinable emotion which they 
excite.” We maintain, on the contrary, that sublimity is one emotion, 
not various similar emotions. It is itself complex, made up of various 
feelings ; but it is one specific feeling, which preserves its characteristic 
throughout the various shades of difference in the objects which 
excite it. ; 

Mr, Alison's ‘ Essays on the Principles of Taste’ avoid the real ques- 
tion of sublimity, and the same must be said of his reviewer, Francis 
Jeffrey, who sums up his theory in these words : “ The emotions which 
we experience from the contemplation of sublimity or beauty are not 
produced by any physical or intrinsic quality in the objects which we 
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contemplate, but 


the recollection or conception of other objects 
which are associated i i 


i; or imaginations with Shae before us,and con- 
sequently srggeied eir appearance, and which are interesting or 
affecting, on the common and familiar principle of being the Sabeeal 
objects of love, or of pity, or of fear, or veneration, or some other 
common and liyely sensation of the mind.” (‘ Edin. Rey.,’ vol. xviii., 
and ‘ Essays,’) 

The first of this passage is either a truism or an absurdity. A 
truism, if it be meant to state that as a mere sensation (without any 
respect to all the sentient being had preyiously undergone, and which 
that sensation would n arily excite) an object in itself is not sub- 
lime (a truism however which Mr. Alison asserts to be the conclusion 
hich his speculations rest ; chap, v., sec. 6); an absurdity, if it 
be meant to state that an object has no intrinsic quality capable of 
exciting that emotion. The size of a rock, for instance, is the condition 
of its sublimity; so with the cataract—make it a waterfall, and it 
ceases to be sublime ; yet this difference of size is surely an intrinsic 
quality in the object which excites the emotion ? 

The fundamental pemeinle of Mr. Alison’s theory is ‘‘ that all objects 
are beautiful or su 
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d the descent of an apple, and 
a ideas py ey =e a the law which regulates the 
operation of memory the flights o imaginal ination ; yet as memory 
and imagination are distinct from the general pike ity 
other, so also is the emotion of sublimity distinct from the emotion of 
hatred or beauty. Burke, Knight, Kames, and Price endeayoured to 
ascertain this distinction. Brown overlooked it, and Alison evades it. 
Had the special law of gpblinity been found, and it was then attempted 
to be classed in its relation to the general law of the mind, the efforts 
of Alison and Jeffrey would have been of great importance ; but in the 
meanwhile it was assumed, 

It appears to us that the true method of attaining the knowledge of 
this ial law of emotion, is the method of all psychological inquiries, 
ly, induction. Before attempting to detect the law which | 
it, we must collect all, or a vast number of instances of the sublime, 
and analysing the elements of each case, endeavour to discoyer one 
primal element which is invariably a constituent of the emotion, and 
without which all the other constituents would not be able to form 
that special emotion of sublimity. 

In noticing the theories of former writers we have found their 
inductions imperfect ; they haye selected too few instances, and con- 
sequently when we came to select others, these theories were sub- 
verted by the mere statement of them. It was sufficient to disproye 
ae Gory oF terror, to quote one instance wherein the terrible had no 
place, same with the theory of mental energy. But these 
incomplete, contain much that is true in their 


E 


though 


In proposing a new theory, founded on a wider range of induction, 
we may observe that if ar ton instance of the universally acknow- 
ledged sublime can be found in which no such element (as one we 

the ruling principle) be detected, then that single instance 
is a proof of the incompleteness of our theory, and a more extensive 


~ It will be necessary for the sake of clearness to make use of purely 
pote eet treating this subject, though they are liable to 


distinctions ; according] 

question of the sublime into three :—1. The Seeeey pciinee the 
sublime of nat The moral sublime—or the sublime in human 
. The emotion of gublimity, which these external 
excite in us—or that feeling in the mind which giyes to certain 
of nature, or deeds of man, the attribute of sublimity. 
objectively, the exciting cause of sublimity is vastness ; oe. 
jectively, the emotion excited is a sense of insignificance. 
material sublime. Examine every case of material sub- 
the most primitive fact will be found to be vastness; 
whatever feelings may simultaneously concur, this of vastness is in- 
variable. Mere vastness is sublime. Vastness either of form or of 

er. Hamppten? Heath is not sublime, but Mont Blanc is. The 
Tiremnes is not sublime, but the ocean is. Solitude is sublime—because 
it is vast, that is, indefinite. But solitude in a room or garden is not 
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sublime. A cataract is sublime, but not a waterfall, yet the one is 
only larger than the other. Longinus has remarked that the light of a 
small fire produces no emotion, but.that the boiling furnaces of Autna, 
pouring out whole rivers of liquid flame, is sublime. Burke remarks 
that all general privations are sublime because terrible, such as vacuity, 
darkness, -solitude, and silence. But they are sublime because’ vast, 
not because terrible; for they are not necessarily terrible, and they are 
necessarily vast, indefinite. ° 

These instances are sufficient to illustrate the principle. It will be 
observed that there are some which seem more naturally to derive 
their sublimity from terror than from vastness, as Altna for example. 
But our object was to show that vastness was always a constituent, 
eyen when other emotions came into play; and as we have already 
seen instances where terror does not form one constituent, and that 
when it does form one, it is still accompanied by vastness, so we prove 
thereby that vastness is the more general fact, Vastness is sublime as 
yastness; but terror is not sublime as terror, The difference between 
a shower and a storm is purely quantitative, yet the storm alone is 
sublime. 

Il. The Moral sublime, It is obyious that the moral sublime must 
differ from the material sublime in proportion as mind and matter 
differ, Hence yastness, which in the external world is superficial (in 
exctenso), in the moral world becomes intense (in infenso). Intensity of 
will equals yastness of form or power. Mere intensity is sufficient to 
prodnes the sublime. Edipus is sublime. Lear, who appeals to the 

eayens, “for they are old” like him, is sublime, from the very in- 
tensity of -his sufferings and his passions. Lady Macbeth is sublime 
from the intensity of her will, which crushes every female feeling for 
the attainment of her object. Semvola with his hand in the burning 
coals exhibits an intensity of will which is sublime. It will be difficult 
to find terror as an element of these cases of the sublime. Mr. Knight's 
“ mental energy” -has here more truth; but though a satisfactory ex- 
planation of the moral sublime, yet it will not apply to the material 
sublime. The intensity of power as a source of the moral sublime, 
has been adopted by Mr. R. Blakey, in his ‘ History of the Philosophy 
of Mind,’ 1848. 

Such appear to us to be the objective qualities of sublimity, but the 
peculiar emotion they excite has hitherto been thought undefinable : 
we shall nevertheless attempt it. 

III, The emotion of sublimity. As in considering objectively every 
case of material or moral sublimity, we found as the primary and 
invariable fact yastness or intensity, so in considering subjectively 
every case of sublimity as an emotion, we shall find the primary and 
invariable fact to be a sense of our own insignificance ; of our inferiority 
to the object, or to the will which prompted the deed; and this sense 
of inferiority has guided mankind in the employment of a word ex- 
pressing eleyation for sublimity. Mere yastness excites this emotion 
by exciting a ongremponcting sense of our smallness, Mere intensity 
excites this emotion by exciting a corresponding sense of our feeble- 
ness. Vary the objects—yary the emotions as you may, there will 
invariably be this one feeling of comparative insignificance. Take as 
an example the sublime words of Scripture, “I am the High and the 
Lofty One, who inhabiteth eternity.” Nothing can exceed the grandeur 
of that idea, and he who conceiyes it conceives also, at the same time, 
the corresponding idea of his own small and finite nature. In the 
violent dashing of a cataract, in the roar of the ocean, in the yiolence 
of the storm, or in the majestic quiet of Mont Blane preserying its 
calm amidst all the storms that play around it, or in the concentrated 
will of a Scwyola, Horace, Brutus, or Gdipus, in all these cases we are 
moved by a vivid feeling of some greater power than our own, or some 
will more capable of suffering, more yast in its strength than our feeble 
yacillating will. It is from this reason that an imaginatiye mind 
experiences more emotions of sublimity than another. In proportion 
as we comprehend the majesty of nature, or the amount of self-sacrifice 
in an heroic action, we comprehend our own inferiority to them. 

In conclusion we may thus sum up our theory. The invariable 
condition of sublimity in objects, either material or moral, is vastness 
or intensity. The inyariable condition of the emotion of sublimity— 
that which Giskingnishen this emotion from every other emotion—is a 
comprehension of this yastness with a simultaneous feeling of our own 
comparatiye insignificance, together with a concomitant sense of pre- 
sent security from any danger which might result from this superior 
power. The antithesis to the emotion of sublimity is the emotion of 


contempt. ; 
SUBMARINE DESCENT. [Dryrye Bett.] 
SUB-MULTIPLE. [Ariquor Parr. 
SUBORNATION OF PERJURY, 
SUBPGENA. PWrewese.t 
SUBPCENA, WRIT OF, IN PLEADING. [Preapine in Equity.” 
SUBSALTS. [Sauts; Cugmicat Nomencraturg, Vomenclatur 


Salts. | ; F « is not 
SUBSIDIARY. A quantity or symbol is so called where olution. 


essentially a part of a problem, but is introduced to help i ‘ 

The term is particularly applied to angles, since the, yeemparastsical 
tables give J at power over bi managenen there is no question 
frequent introduction, even in problems in He yequired to calculate 


tpuesupy.] 


of angular quantity, For example, supp: equ 
y Eat Tes where a="20164, pg, © = 11816, Assume 


bia a) 4 
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x=cos 6,a=r cos ¢,b=rsin ¢, which gives @ from the tables, and ¢ 
and r from tho tables and from 
a 
tai De Oe 
n we r one 
The quantity to be calculated is 
r cos pcos 0@+rsing@ nO, or rcos (p—6), 
seate-% 
or 


or 


and the final result is found from the tables in much less time than 
ax +6 /(1—a) could be calculated by ordinary means. There is, of 
course, no rule for the most convenient introduction of subsidi 

angles: every case must be treated according to the circumstances it 


presents. 

SUBSIDY, from subsidium, a- Latin word signifying aid or assistance. 
* Subsidies,” says Lord Coke, “were anciently ed auxilia, aides, 
granted by act of parliament upon need and necessity ; as also for that 
0 ly and peeeieiy they were granted for the defence of the 

and the safe keeping of the seas,” &c. The word used in its 
general sense was aie: to aids of every description ; these were of 
two kinds, one , the other temporary, Those which were 
perpetual were the ancient or grand customs, the new or customs, 
and the custom on broad-cloth. The temporary included tonnage and 
poundage ; a rate of four shillings in the pound on lands, and two 
shillings and eightpence on goods, aliens paying double; and the 
fifteenths or tenths, &c., of moveable goods. e limited sense, which 
is also the more common sense, of the word subsidy, attaches only to 
the rate on lands and goods. 

The grand customs were duties paid on the exportation of wool, 
sheepskins, and leather, at the rate of, for every sack of wool weighing 
thirty-six stone, half a mark, or six shillings and eightpence ; for every 
three hundred sheepskins, half a mark ; for a last of leather, a mark, 
or thirteen shillings and fourpence. The petty customs were payable 
by merchant strangers only, and consisted of an excess of one half over 
and above the grand customs payable by native merchants. The 
custom on broadcloth was first given to the king in the 21st year of 
Edw. IIL, to indemnify him for the loss he incurred in consequence of 
the practice, then beginning to prevail, of making up the wool into 
cloth in this country previous to its exportation. There were also two 
species of customs payable on wines; one called butlerage, payable by 
foreigners importing wines, at the rate of two shillings for every tun of 
wine; the other, called prisage, payable by natives at the rate of, for 
every vessel importing ten tuns of wine, one tun; for every vessel 
importing twenty or upwards, two tuns; taken one tun from before, 
the other from behind the mast. This was compounded for by the 
payment of 20s. for each tun to which the king was entitled. 

The origin of these customs seems uncertain; Lord Coke is very 
anxious to prove that they were in the first instance established by the 
common consent of the realm in parliament assembled. In support of 
this he cites Philip de Comines, lib. v., fo. 233. Before and during Lord 
Coke’s time, as well as immediately after it, the origin and nature of 
this kind of subsidy were most fully and ably discussed. Besides what 
may be called the private property of the crown, the king had a right 
to require contributions from the inhabitants of particular districts 
towards the expense of repairing bridges and the walls of towns, which 
contributions were called pon and murage; and to grant by charter 
to any city the right to levy tolls upon all vendible things coming into 
the town. There were also other sources of revenue, the tem: ities 


us and unaccustomed impositions, maltolts (evil tolls), &c. 

nce also of a petition by the merchants that they 
but be allowed to protect their ships themselves. 
of the collection SKwere driven by their necessities, the difficulties 
position, to have reco@gular duties, and the circumstances of their 
to be collected as custo: liament to fix and authorise the sums 
he first statute on the subject occurs in 


‘the third year of the reign of Edward L, when the ancient or grand 

customs were fixed at the sums already stated. © 
It is observable that in no instance was prea the king to 

collect some duties disputed ; all that is complain 

and unreasonableness of the sum recently imposed. 

oceur on the subject, but their were 

down to the reigns of Elizabeth and the Stuarts, 


In 
however, such infringements were not over lightly. In the 
Geign Ot Jochen IL the question ba to she CNN EE ae ing to increase 
the customs upon merchandise, without assent of i t, 
raised on the occasion of his imposing 5s. per ewt, on currants. 


court of exchequer decided that the king had such right, on the 
dans Ist, that his extraordinary and absolute was not 
und by the statutes him from in the customs 
without assent in parliament ; , because the extra duty “ was not a 
“esdaess to the commonwealth, but to delicate gereyt ~ 
owever raised great discussion in parliament, who to 
be ill The writs for ship-money in the time of les I. created 
a similar ferment, and notwithstanding the petition of ts, the 


righ 
question cannot be said to have been entirely set at rest till up to the 
period of the Revolution. 

The petty customs were originally founded on a between 
the foreign merchants and king Edward I., by which they agreed to 
pay him the amount of them, in cunsideration of ae 
granted them, and a release to them of all other prises 
Butlerage has the same origin, but is perhaps of an earlier date. 
age is stated by Lord Coke himself to be due to the king by preserip- 
tion, and the t of the king to it seems to have stood upon that 
alone; that right must have been one of inheritance, since by royal 
charters it was granted to the city of London and to the Cinque Ports 


for ever, 
and poundage was a duty varying in amount at different 
times from 1s, perspedirn dee Pit’ becmbgbelsev base yea a ls. 


upon every pound sterling of m dise cor into the kingdom. 
The object in granting it was said to be, that king might have 
money ready in case of a sudden occasion ing it for the defence 


of the realm or the guarding of the sea. In the course of the argu- 
ment in the case of ship-money in 13 Charles L., the king’s duties are 
said to amount to 300,000/. This probably was the aggregate of the 
customs and tunnage and prisage. 

The taxes called tenths and fifteenths were the tenth or fifteenth 
part of the value of moveable goods. Other portions, such as the fifth, 
eighth, eleventh part, were sometimes, but rarely, also levied. These 
taxes seem to have had a parliamentary origin. Henry III. received 


being the fifteenth part of their then 
existing value. After the -fifteenth was granted Arges the 
inhabitants rated themselves. The subsidy, never having thus 
fixed, continued uncertain, and was levied upon each person in respect 
of his lands and goods. But it appears that a person paid only in the 
county in which he lived, even though he possessed property in other 
counties. Certain it is that the subsidy continually decreased 
amount. In the eighth year of the reign of Elizabeth i 

to 120,000/., in the 40th to 78,0007. "only. Lord Coke estimates a 
subsidy (probably in the reign of James I, or Charles I.) at 70,0000. ; 
the subsidy raised by the clergy, which was distinct from that of the 
laity, at 20,0007. ; a fifteenth at about 29,0007. Eventually the sub- 
sidy was abolished, and a land tax substituted for it, 

(2 Inst. ; 4 Inst. ; ‘Bate’s Case,’ &c., 2 State Trials, 371, ed, 1809 ; 
‘The Case of Ship Money,’ 3 State Trials, 826, ed. 1809; Venn's 
Abrt., tit. ‘ Prerogative ;’ Comyn’s Dig., tit. Parliament,’ ‘ Preroga- 
tive dad Customs, 


telligible by the notion of some Hindu philosophers, who supposed 
83 world to rest on the back of an elspa, ¢ 


schoolmen, as all accidents must be accidents of something, and must 
depend on that something for their existence, so in our 
analysis to its limit, we must finally arrive at a point to which we can 
give no antecedent, which we are forced to assume as final, and as 
standing under or supporting the whole, and this we call substance. 
It is the fundamental of all existence, We can never know it, for 
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we only know phenomena, which are its appearances. We can never 
conceive it, for the first attempt to conceive it brings it within the 
sphere of our ideas, which are only those of phenomena. We can 
never imagine it; but we are compelled to assume it. It‘is to us a 


logical fact, not a noumenal one. Ni as the basis of all specula- 
tion, as the “point” in mathematics, .but, like the point, for ever a 
mere logical distinction. It is needful for all men to know that this 


substance is, with respect to the mind,a merely logical distinction 
from its attributes ; and it is needful also to know that as the mind 
can never transcend the sphere of its action, and consequently never 
know more than the attributes, all that it can predicate of substance 
must be false, for substance is to it a mere negation ; if it would affirm 


ing of substance, it must inevitably affirm it by its attributes,. 


anythi 
which it alone can know, positively. 

It is from inattention to this latter fact that metaphysicians have 
blundered and misunderstood each other so constantly. You cannot 


a vague and negative ion of a certain substratum, which, 


was a mere mode of existence of two 
i; it was in itself nothing, it had no existence 
Ci gag lee ean Cy wg argo aa Analyse the flint in 


refuses to admit that 
thus reducing everything to mere phenomena; it is impelled to stop 
somewhere, and to ask, “attributes of what ’”’ and there where it stops 


, the most scientific expositor of idealism, has denied all sub- 
stance except that of the Ego, and he says, “ Attributes synthetically 


namely, the truth of the correlation between the conception and the 
ences eain bn Selten onthe enlive emareenon:-of the 


more than the synthesis of attributes: but this entitle us to 
assume that it is eq the case objectively? Not until the subject 
has been proved to be complete expression of the object. 

But truth is, attributes themselves are but the conditions 
excited in us by objects, The Ego acted on by the non-Ego under- 
goes certain affections : these mental affections are variously extension, 
colour, weight, hardness, &c., and these are all the effects of the action 
of the non-Ego wu rhage es aC gen these are all we 
know, and all we know of the non-Ego. To call substance therefore 
the synthesis of attributes, is to say that in the synthesis of our 
mental affections is contained all that constitutes the non-Ego, instead 
of saying that in the is of our mental affections is contained 
all we can positively know of the non-Ego; it is saying that we include 
all existence, and that beyond our conceptions nothing exists; it is 
taking the human mind as the measure of the universe, 

We maintain therefore, that inasmuch as what we call attributes 
are not vague abstractions, but positive effects of matter acting on the 
sensory (and we assume the existence of matter because Idealism 
has failed in disproving it); so there must be substance or cause to 

those effects; and although we can only know these effects 
and by these effects, yet we are necessitated to assume an inconceivable 
cause or substance. We do not know this substance: we only know 
what sensations it excites in us, 

The stronghold of Idealism is consciousness. In consciousness 
there is nothing but transformations of itself—no substance, no 
external world is given; it knows, it feels, it is conscious of nothi 
but itself, But consciousness is equally the stronghold of realism ; 
for we are as conscious that what we substance, or the world, is 
not ourselves, and does not depend upon us, and is a distinct existence, 


as we are of our own existence. Hence the universality of the belief 
of an external world—hence the impossibility of the idealists’ conceiy- 
ing for an instant the non-existence of substance. 

Tn conclusion we may observe, that substance is the unknown, un- 
knowable substratum on which rests all that we experience of the 
external world ; it is the hidden noumenon whose manifestations 
as represented in perception we call matter and the phenomena of 
matter, and of which every positive predicate must necessarily be false, 
and consequently all inquiry into its nature baseless. 

SUBSTITUTION. One of the most important methods of forming 
chemical substances, and of ascertaining the constitution of com- 
pounds, is that known as substitution. The term substitution, as thus 
chemically applied, simply means the replacement of a body already in 
combination by another body not in combination, and of course 
includes all processes of single or double decomposition. Thus, ina 
compound a8, substitution of B for c may be effected by simply 
bringing c into contact with aB, the new compound ac being pro- 
duced : this case of substitution is one very frequently performed in 
chemical research and manufacture, and is known as single decom- 
position or single elective affinity. Again, in a compound 4 8, substi- 
tution of B by c may be effected by bringing a compound cp, contain- 
ing Cc, into contact with aB, thus producing the required substance 
Ac; this method of substitution is fully as important as the other 
just mentioned, and is known as double decomposition or double 
elective affinity, because there are, so to speak, two elections or choices 
going on, namely, a for c, and B for D, whereas in the former illustra- 
tion only one occurs. By using ing amounts of a substituting 
body, cz, and bringing forces other than the chemical to his aid, the 
chemist can sometimes produce several distinct compounds of the 
same bodies, thus :—ABz + 0,=ABrz-2C,+B, Or AB,+C;=AC,+B,. 
Frequently the body substituted unites with one half of the sub- 
stituting body, thus :—aB+0,=AC+B¢. 

Although, strictly speaking, single and double decomposition are 
processes of substitution, it is found convenient to restrict the 
term substitution to cases in which organic compounds are being 
operated on, while the phrases single decomposition and double decom- 

ition are conventionally applied to inorganic transformations only. 
Fmcamaas AFFINITY, ] ; 

The simplest examples of substitution occur when chlorine, or either 
of its es, bromine and iodine, is made to act upon an organic 
compound. Thus chloride of ethyl (C,H,, Cl), by the action of chlorine 
suffers replacement of its hydrogen by chlorine; hydrochloric acid 
being formed and the following bodies successively produced :— 


Chloride of chlorethyl . . . . C, { at } cl 
»  dicblor-ethyl. . ww eG, { a ha 
" trichlor-ethyl . . - « C, { at Ja 
» Quadrichlor-ethyl . . . .C, { fi Jar 
omeplo wel o,c 


The constitution or construction of the original compound from 
which such a series of derivatives is obtained seems to alter but little. 
As might be expected from the nature of the elements, the boiling 
point of a body containing chlorine in the place of hydrogen is higher 
in direct proportion to the amount of hydrogen replaced. Specific 
gravity also undergoes relative increase ; while vapour volume remains 
constant. Only when complete substitution of one body by another 
has taken place does the molecular arrangement of the original com- 
pound appear to give way. 

The substitution of chlorine for oxygen, and of oxygen by hydrogen, 
is frequently performed by chemists. Peroxide of nitrogen (NO,), 
also, may be introduced into organic compounds by acting upon them, 
under certain conditions, with nitric acid; in these cases hydrogen is 
displaced and forms water with the fifth equivalent of oxygen, while 
peroxide of nitrogen takes the place of the hydrogen. 

SUBSTITUTION, a very common algebraical process, being, as its 
name imports, the substituting for any quantity another which is 

ual to it, : 
ok method of approximation, which is frequently used and of great 
importance, has obtained the name of successive substitution. Let any 
equation be reduced to the form 


2=a+ ep, 


where ¢ is less than unity, and ¢x a function of x If we make x= a, 
the error thereby committed is less than a, being epx, in which e is 
less than unity. Take this value «=a, and substitute it on the 
second side, giving «=a+ ea: this value is nearer than the last in 
most cases, for it should be 


L=a + eh (a + ex) 
=a+ epa+ e'a. px nearly, 


where ¢’a is the differential coefficient of ¢a. The last error was 
ep, and the present error is less, if ep’a be less than unity, Gene- 


eu 
ee 


SUBTANGENT. 
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rally, if for « wo write a +p, and if p be erroneous by a quantity of | the bonorum possessio, or t the whole preety on Aare, 
the order ¢* , we shall have, by one more substitution, another by adrogation, or the woman. instance of singular 
a succession is the taking of a 1 under a man’s will. 
x2=a+ep(atp). Bry" 
: The term Succession is used in our We speak of the 
Now the error of ¢(a+p) will be of the order ¢", and that of | succession to the crown or the regal dignity, the term that 
ep(a+p) of the order e*+', There is then a continual approximation | the iguocessor in all things represents the r, ne, the 


to the value of 2, 
Beginning with <=a+epa, in which the error is of the order ¢, we 
have 


= a+ eh (a + pa), 
in which the error is of the third order. Rejecting terms of the third 


order, we have 
x= a+ cpa + Cpag'a, 
Substitute this again, and we have 
e=nar ep {at cpa+ epaga}, 


in which the error is of the fourth order, Rejecting terms of the 
fourth order, 


e= a+ cpa + epaga +e { (¢’aPoa + tS (gay } 


and so on: the development being made by Taytor's Tororem. This 
would lead in effect to the celebrated theorem of Lagrange; but the 
actual method of substitution is sometimes preferable. 

SUBTANGENT, SUBNORMAL, [Tancent. 

SUBTENSE, means any line, angle, &c., op to or subtending a 
line or angle spoken of. us the chord of 4 circle is the subtense of 
the arc and of the angle at the centre. The term is now not much 
used. 


SUBTRACTION, SUBTRAHEND, MINUEND. The 
subtraction is the removal of a equal to the less from the greater. 
The quantity to be diminished (minuendum) was called the minuend ; 
the quantity to be withdrawn (subtrahendum), the subtrahend ; and the 

part, the remainder. The terms subtrahend and minuend 
convenient, 


cess of 


if parts of a be subtracted severally from greater parts of 

er make up the whole remainder, Thus, 
m 76, for 7 tens exceeds 2 tens by 5 tens, 
and 6 exceeds 4 by 2, so that 52 is the remainder required. But when 
we come to take 48 from 93, the preceding mode of partition is use- 
less. To remedy this, it is proposed in the explanation to borrow 1 of 
the 9 tens in 94, and to put it on-to the 4: then 8 from 18 leaves 5. 
Now take the 4 tens of 48, and subtract from the remaining 8 tens of 
93, and 4 tens are left: the answer then is 45, The process would be 
as follows :— 


93 | 8 from 3, impossible; borrow a ten from 90; 8 from 13 leaves 
48 5. Take 4 tens from the remaining 8 tens, one of the 9 
— tens haying been borrowed, and 4 tens remain, 
45 

This process is actually used on the Continent; but with us, as all 
the world knows, there is a different process, as follows :— 


93 | 8 from 3 impossible: take 8 from 13, and 5 remains. Carry* 
48 one to 4, giving 5, and subtract 5 tens from 9 tens, giving 4 
~ tens, 

45 


wanted) unaltered. 
ae shiek te view bs etininad 
units, 


to have the same rights and obligati 
that other had. There 


livin 


wile; ia al 


* The student may well ask from where? The term ‘!¢arry”? is not the 
proper one, 


of succession—they aw become members of the 

lies that the | ee he corporation 
cessors” impli t the meant to a H 
and yet it is certain that a feoffment of land to a r ‘ 
without the word “ successors” isa valid grant. Ina feoffment to a 
corporation sole the word successors” is necessary. The 


in the case of a corporation sole follows the nature of the Roman 
succession, In the case of a corporation there is no suc- 
cession, and the rule that a corporation may be established by the use 


3s ON DUTIES. F : excuaing to 
CCESS. ‘or many years persons _to 
personal property (including leaseholds) whether they took by as 
executors or , or merely as administrators or next of kin, were 
charged with Bullen wisheli. mane payable over and above the 
stamp duty, then and still levied in the at inetenee, tn: oe ea 
probate or letters of administration, ing to the esti sworn 
value of the pro of the deceased. The legacy was 
chargeable the estate of the deceased had been and 


from this species of taxation long complained of as creating an undue 
preference in favour of the holders of fanded ‘ 
removed, i flag hyenercrmhed sc <q aki, , duties are imposed on 
every succession to property, whether or personal, according to 
the value and the Sy apy be: Hie parties to the predecessor, 
Where the successor is the li issue or lineal ancestor of the 
predecessor, 1. per cent. ; where a brother or sister, or a descendant of 
a brother or sister, 3/, per cent. ; where a brother or sister of the father 
or mother, or a descendant of the brother or sister of the father 
mother of the predecessor, 5/. per cent. ; where a brother or sister 
the grandfather or grandmother, or a descendant of the brother 
sister of the grandfather or grandmother of the predecessor, 64. 
cent. ; and =e aur armig app any aut demise eT 
sanguinity to the p r, or is a stranger to , 10d, 
cent. The value of the succession, if it be to real 
ascertained by considering the interest of the successor as of 
of an annuity equal to the annual value of the property, esti 
the act directs; and the duty may be paid by eight equal 
5 org or at once, according to the wish of the party li 
reto, I 
SUCCESSIVE SUBSTITUTION. [Sunstirurtion.] 
SUCCINAMIC ACID. [Succryic Grovr.] 
SUCCINAMIDE. [Succryic Grovr.] 
SUCCINAMILIC ACID. [Succryic Grove.) 
SUCCINALIDE. [Succryic Grove. 
SUCCINANILE. [Succryic Grove. 
SUCCINIC ACID, [Succrsie Grovp.] 
SUCCINIC ETHER. [Eruvt.] 
SUCCINIC GROUP, The generic name of succinic acid and its 
derivatives. ¢ 
Succinie acid (2HO, 
from which resin it was first 


Beeses 


4 
cfr 


inum), 

products of de- 
it also oceurs in , 
from stearic acid or other 
: in this i 
as a bod: 

ut which has since 
method of forming succinic acid is that known as 
sists in fermenting crude malate of lime with ei 
decayed cheese and three times its ne a water. 
must be kept at a tem) of 100° Fahr. for 
the malate will be found to be changed 
The recite despised yong data ure 

precipitate i ic 
solution evaporated treated with animal charcoal furnishes 


in rhombic prisms or tables, j ‘ 
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Se ne cent i colourless, has an acid taste, and is 
very t is very soluble in hot water, moderately so in cold 
water or alcohol, and only slightly soluble in ether. When heated it 
fuses at a temperature somewhere about 450° Fahr.; and above that 
point sublimes and condenses in a beautifully white crystalline mass 


of succinic ide (C,H,O,); complete dehydration can, however, 
oniy'be fied when the esnt acid has been iously mixed 
ith phosphoric anhydri Succinie acid is not acted on by nitric 
acid, chromic acid, ine, or even a mixture of hydrochlori¢ acid 
and chlorate of with caustie potash it yields oxalate 


are, for the most part, either neutral salts (2 MO, C,H,0,) 
or acid salts (MO,HO,C,H,O,). They are tolerably stable, and are 
characterised by giving a red-brown precipitate with persalts of iron. 
Neutral succinate of potash contains (2 KO, C,H,0,+4 Aq.); acid 
succinate of potash (KO, HO, C,H,0,+4Aq.) The latter is the salt 
contained in wormwood ; it crystallises in regular six-sided prisms, and 
is prepared by saturating a given quantity of succinic acid with car- 
bonate of potash, and then ing a second quantity of the acid. 
Succinate of ammonia (2NH,O, C,H,O,) is sometimes employed to 
separate iron from nickel, cobalt, and manganese; the solutions must 
be perfeetly neutral. Suecinate of soda has been electrolysed by Kolbe; 
carbonic acid and oxide of methyl are evolved at the positive pole, 
baa succinate of magnesia and potash contains (KO, MgO, C,H,O,+ 


be sulphurie acid ; fourchlortit 
perchlorosuccinate of 
;0, C,Cl1,0,). The last-named body, by 
» yields chlorosuccide (C,C1,0. + aah hap ation OF hiballes 
se caahaengaos Papeebapetgedimal eae 904 
Sulphosuccinie acid (3 HO, ©,H,O,, 280,+2 Aq.) is produced when 
uric acid and succinic acid are t into contact. 
When pure it occurs in granular very soluble in water, alcohol, 
or oy Eg is deliquescent, and requires three equivalents of base to 


Suecinie oxychloride, or chloride of succinyl (C,H,O,Cl,), is a colourless 


highly oil, obtained on equivalent quantities of 
succinic anh; and hloride of phosphorus, It fumes strongly, 
has a ing odour, boils at about 374° Fahr., and hen & dpesitie 
gravity of 1°39. 


Succinyl (C,H,0,)" may be assumed to exist not only in the above 
compound, but also in all the other members of this group. If it 
exists it is diatomic, and plays the part of two equivalents of b n 

eros are three in number, 1. Succinamide (C,H,N,O, 
-x.{ a + This substance is slowly formed, in colourless 

, On exposing a mixture of succinate of ethyl with 
twice its volume of strong solution of ammonia. It is insoluble in 
alcohol or ether, and almost insoluble in cold water; boiling water 
readily dissolves it, and the solution does not precipitate metallic salts. 


C,H,0, 
Suecinanilide, or diphenyleuccindiamide{ C,,H,,N,0,=N, (Cit ) 
2 


is the insoluble product of the action of succinic acid upon aniline. 
2. Succinamie aced (CoH NO.) seems to have been obtained as a silver 
salt, but has not yet been Suecinanilie acid, or phenylsuccina- 
Chit: » HO). 3. Suecinimide, 
or bianecinimide (C,H,NO, + 2 Aq.), is a product of the transformation 
of succinamide by heat. It erystallises in beautiful rhombic tables, is 
very soluble in water, less so in alcohol, and slightly so in ether. It 

at 410° Fahr. It is isomeric with succinamic acid, but does not 
combine with — Ohlorosuecinimide, or chlorozosuccie acid (C,HC1, 
NO,), results the action of ammonia on chlorosuccinic ether, It 


ether, and decomposes carbonates with effervescence. Succi: 
phenyleuccinimide (C,H,(C,,H,)NO,), is that part of the product of the 
action of succinic acid upon aniline that is soluble in hot water. 
by isation from alcohol, it forms beautiful colourless 
needles, insoluble in cold water, and volatile without decomposition. 
SUCCINIMIDE. eres Gronp.]} 
SUCCINUM is a bituminous substance of a 
of which has i 


empyreumatic oil ; and, lastly, the volatile oil of amber, which is to be 
separated from the acid liquid by careful pouring off. What remains 
in the retort is colophony of amber, which is used to make varnish, 
The volatile oil thus obtained is impure, containing various pyrogenous 
ingredients, and requires repeated distillations to purify it. If in the 
third or fourth of these the process be interrupted when about two= 
thirds only of the oil has passed into the receiver, there is obtained a 
volatile oil of a light yellow colour, a peculiar bituminous odour, and of 
the specific gravity 0°880. If the distillation be continued too long, an 
empyreumatic oil is evolved, which gives to the other a coffee-brown. 
hue; and this is the general appearance of rectified oil of amber. By 
some writers freshly charcoal is directed to be put into the 
retort when the impure oil is to be distilled, but that is very improper, 
as by its means the pyrogenous principles, which it is the object of the 
rectification to separate, are very abundantly generated. The purest 
oil has a sharp burning taste, an acid re-action, and on exposure to the 
air becomes brown and inspissated. Various resinous matters sub- 
os for amber may all be detected by the absence of succinic 

Volatile oil of amber probably contains a large portion of creasote, 
as may be inferred from the analogous action of nitric acid on it and 
on creasote. One part of rectified oil of amber, and three of 
moderately strong nitrie acid, form a magma, which has the odour of 
musk, and is called artificial musk. Rectified oil of amber is sti- 
mulating, anti-spasmodic, and rubefacient. It is now little given 
internally, except in combination with ammonia, in the celebrated eau- 
de-luce, for which the tinctura ammonie composita of the Pharma- 
coposia was a substitute, but now omitted. This is to be applied to the 
nostrils in fainting, hysteria, and epilepsy, or a very few drops diluted 
with water may be taken internally. Oil of amber is beneficially 
rubbed along the spine in the later stages of hooping-cough. One 
ounce of rectified oil of amber, with half an ounce of tincture of 
opium, forms a embrocation in tic-doloureux; its disagreeable 
odour is an obstacle to its employment when the face is the seat of 
the disease; but it proves a most valuable application when the limbs 
begin to lose their tone and swell in advanced life. It is extremely 
efficacious against the cramps of the limbs.in Asiatic cholera, but which 
pa byes prevented by pressing the foot against a board or other firm 

at the foot of the bed, when the patient feels cramp coming on, 

SUCCINYL. fe gar Grovp.] 

SUCCISTERENE. A white crystalline matter formed during the 
distillation of amber, 

SUCROSE. [Svear.] ; 

SUDORIC ACID (0,,H,NO,,), Hydrotic Acid. In addition to 
lactic acid, there is contained in human perspiration the soda salt of 
another acid to which the above names have been given. Sudoric acid 
and its salts are tallisable. The sudorate of silver has the 
formula C,,H,AgNO,,. This salt is insoluble in aleohol; with this 
exception all the salts of sudotic acid are soluble in aleohol. 

SUET isa variety of the fatty or adipose tissue of animals, aceu- 
mulated in considerable quantity about the kidneys and the omentum, 
or caul, of several of the domestic quadrupeds. There are several 
kinds of it, according to the of animal from which it is procured, 
such as that of the hart, the goat, the ox, and the sheep (ovis aries), 
This last, which is whiter than beef-suet is officinal. It belongs to the 
class of saponifiable fats. In the recent state it is white, easily broken; 
being solid at the ordinary temperature of the air, subdiaphanous, 
searcely possessed of odour, or only of a slight peculiar one, due to the 
hireine, which in the of saponification evolves a volatile strong- 
smelling acid (hircinic acid of Chevreul), but possessing a very 

i one when putrifying. It readily spoils on exposure to the 
air, becoming rancid and yellow, but may be restored again to white: 
ness by chloride of lime or chloride of magnesia. For this purpose, for 
each hundred parts of suet from two to four parts of chloride of lime 
are to be dissolved in from four to eight times its weight of water, and 
to be mixed warm, and as much dilute sulphuric acid is to be added as 
is necessary to decompose the chloride. 

Suet consists of about three-fourths of stearine, with some elaine, 
and a little hircin and margarin; the erance of stearin 
renders it the most solid of animal fats, a circumstance which con- 
tributes to render it more indigestible than other fats. It liquefies 
with a gentle heat, and the prepared suet of the Pharmacopoia is 
obtained by melting it over a slow fire, and straining it, to separate the 
membranous portion, It is used as an ingredient in cerates, plasters, 
and ointments. a = 

After being melted, it is little prone to spoiling, and by pouring it 
over various articles, such as potted char, minced collops, and mush- 
rooms, from which it thoroughly excludes the air, it assists greatly in 
preserving them. : 

It has been employed also by M. Ludensdorff for preserving the 
fleshy fungi, or mushrooms, for botanical museums, by boiling them in 
it (which thus filled their pores and cells, and penetrated the very 
substance), and then covering them with a coat of varnish. It does 
not however always succeed in preserving the colour and form. (See 
Klotsch, in Hooker's ‘ Botanical Miscellany,’ ii., p. 159.) 

SUFFERANCE. [Tenanr.] J Ae 

SUFFICIENT REASON. (Mathematics and Physics.) The Pi 4 
ciple which is connected with these words might be, and frequently is, 
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called the want of sufficient reason; and even this term may appear | been to imagine the possibility of any contradiction being successfully 
inabourate, for it should be the want of any possible amount of reason, | maintained against the proposition just proved. We believe, indeed, 


Since, however, all that takes place must have a sufficient reason 
(whether we know it or not) for its happening, and everything which 
is asserted must be capable, if true, of being shown to have a sufficient 
reason, there is no objection to our using the words “ want of sufficient 
reason " in the sense of absolute want of reason, in all matters connected 
with the exact sciences. If a be equal to B, there must not only be 
reason, but reason enough for it : anything short of reason enough is no 
reason at all, and anything short of proof enough is no proof at all. 
The use of the word reason in the statement of this principle may 
itself be fairly objected to. We are in the habit of speaking of mathe- 
matical consequences in the same manner as of those to which the 
notion of cause and effect applies. When one proposition is made to 
subserve the proof of another, we call the first, one of the reasons of 
the second, just as we should say that the reason of a flood was the 
preceding heavy rain. But this mode of speaking must be objection- 
able if the ant | reason be used in the same sense in both places. For, 
first, we are at liberty to deny the effect on denying that cause; if the 
rain had not fallen, the flood would not have taken place. But when 
we say that one mathematical proposition is the reason of another, in 
which position do we stand if we make an hypothetical denial of the 
first! Simply in that of persons who assert a contradiction of terms, 
and tu make rational consequences, Thus, the equality of the 
angles at the base of an isosceles triangle is one of the reasons (so 
called) why the tangent of a circle is at right angles to the radius; 
rationally, the first is one of the simpler propositions, the necessity of 
which, when seen, helps us to see the necessity of the second and more 
complicated one. But the necessity of the first is not previous to that 
of the second, except in the order of our perceptions, when we follow 

Euclid. Suppose we were to ask, if the angles at the base of the 
isosceles triangle had not been equal, what effect would that circum- 
stance have had upon the position of the tangent of acircle? We 
might as well inquire what would our geometry have been if two 
straight lines had been capable of inclosing a space? We remember a 
book of arithmetic in which it was gravely asked, by way of exercise 
for the student, “ If 6 had been the third part of 12, what would the 
quarter of 18 have been?” a question which can only be paralleled by 
“ Tf a thing were both to exist and not to exist at one and the same 
moment, how many other non-existences would therefore become 
existences ?” 4 

Secondly, the term reason, in the sense of previous cause, is wrong 
as applied to mathematical propositions, because when any one is made 
- to prove the second, it generally happens that the second, when 
granted, may be made to prove the first. Thus [Rrgut ANGLE] of the 
two propositions, “all right angles are equal,” and ‘‘two lines which 
coincide between two points, coincide beyond them,” one must be 
assumed, and the other will then follow: but either may be the one 
assumed ; the other will follow. Now it is absurd to say that of two 
things each is the previous cause of the other. The whole of this con- 
fusion may be remedied by any one who will remember that one pro- 
position is not the cause of another, but it is our perception of the one 
which is made the instrument of bringing about our perception of the 
other. The constitution of our faculties is the previous cause of the 
necessity of mathematical propositions, but not of one before another, 
though in arriving at the perception of this necessity our cognisance of 
the necessity of one is made the previous cause of that of the necessity 
of another. To say that B is the consequence of 4, is only to say that 
our knowledge of the truth of B is the consequence of our knowledge 
of that of a. : ° 

Taking care to use the word reason in the sense just alluded to, we 
assume that whatever is n has a possibility of being shown to 
be n , and that whatever is true has a possibility of being shown 
to be true. If this be a legitimate assumption, it then follows that 
whatever it is impossible to show to be true, must be false. But can 
there be such a thing as a proposition of which there shall be seen, not 
its falsehood, but the impossibility of demonstrating its truth? Can 
there arise a case in which we shall be so completely cognisant of all 
that may possibly be said for or against an assertion, as to affirm a 
necessary incapability of demonstration of one side or the other? 
Such cases are universally admitted by mathematicians to exist; and 
the final assertion which is made on the known impossibility of proving 
a contradiction, is said to be made on the principle of the want of 
suficient reason. But this very dangerous weapon is never put into 
the hands of a beginner, in mathematics at least. And when we call 
it a dangerous weapon, we do not deny its utility, but we only state 
what is well known to every mathematical teacher, that a student who 
is allowed to proceed one step by this principle will soon ask per- 
mission to make it the universal solvent of difficulties, and will be 
quite ready to urge that a proposition cannot be shown to be false, in 
preference to seeking for or following the demonstration that it is true. 
A beginner can easily admit a sound use of this principle, but can 
hardly distinguish it from the thousand inaccurate applications which 
his ignorance will make, if it be left in his own hands, 

_ But we can imagine we hear it said that this principle, though some- 
times employed in pure physics, is never introduced into mathematical 
reasoning except after direct demonstration, in order to confirm the 
mind of the learner by making him see how difficult it would have 


that this principle is seldom employed, and always without necessity, 
so that we could wish its use were entirely abandoned. But we can 
show that a tacit appeal to it is sometimes made ; and this is the worst 
possible mode of employing it. If the principle be dangerous, and 
liable to be Sominsdly used, it should be most carefully stated when 
it is used. Whenever we see a proposition assumed, not as an express 
postulate, but in a definition for instance, or as a self-evident truth, we 
may trace the operation of this principle on our minds. For instance, 
take the proposition which is, if there be such a thing in any one pro- 
position, a digest of all the methods of mathematics, namely, that if the 
same operations be performed on equal magnitudes, the resulting mag- 
nitudes are equal. Try to imagine this not true, and want of sufficient 
reason interferes to prevent success, What can make a difference? In 
this question the principle claims to be applied. 

Now, first, in examining the definitions of Euclid, we find an asser- 
tion of theorems which we can hardly suppose that Euclid overlooked, 
though it is very possible that the impossibility of imagining other- 
wise may have been his guide. For instance, the assertion of the 
equality of the two parts into which a diameter divides a circle, follow- 
ing immediately upon the definition of a circle; and the definition of 
equal solids as those which are contained by the same number of 
plane figures equal each to each. These and such little matters have 
been, or may be, corrected; but we will now point out a use of the 
principle which exists in our elementary works of the present day in an 
unacknowledged form. 

In proving the celebrated proposition of Albert Girard relative to 
the dependence of the area of a spherical triangle upon the sum of its 
angles, it is assumed that two spherical triangles which have their sides 
and angles equal, each to each, are equal in arga. Now it is easily 
shown [Sraacernr] that there may be two such triangles of which it 
is impossible to make one coincide with the other, nor is any process 
ever given for dividing each into parts, so that the parts of one may be 
capable of coinciding with those of the other. Let the points 
of one be placed upon the angular points of the other (which is always 
possible), and the triangles will not coincide; in common 
they will bulge in different directions, When the triangles are so 
placed, and the common chords drawn, there is no difficulty in seeing 
that if ever a want of sufficient reason can be granted upon perception, 
it is for there being any inequality of the areas of the two triangles. 
And the equality of these areas is accordingly assumed: for instance, 
in the proposition above alluded to, a pair of unsymmetrically equal 
triangles always occurs, except when the given triangle is i es, 
And thus the appeal to this principle may be avoided; for it is easy to 
make the given triangles into the sum or difference of isosceles triangles, 
in which each of one set is capable of being actually applied to one of 
the other. 

Leaving the subject of pure mathematics, let us now consider the 
application of this principle in physics. We have observed [Srarics] 
that the line of separation between pure mathematics and the more 
exact parts of mathematical physics is very slight indeed : this means 
as to the clearness and fewness of the first principles, and the rigour of 
the demonstrations. If we cut the link which ties the sciences of 
statics and dynamics to the properties of the matter which actually 
exists around us, we may go farther, and say that we have not only 
pure sciences, but pure sciences in which the principle of the want of 
sufficient reason is strictly applicable, because it is our own selyes who 
have, by express hypothesis, excluded sufficient reason. In propo- 
sitions of pure mathematics, we have seen that we cannot invent or 
deny for any hypothetical purpose ; is and must be, is not and cannot 
be, are synonymes, in all the truths which these sciences teach, But 
the properties of matter which are not also those of space, are not, in 
our conceptions, necessary : we can imagine them other than they are, 
without any contradiction of ideas, 

We shall now proceed to consider the point mentioned in Srarios, 
namely, the character of the axioms of that science. Are they “ self- 
evidently true,” and “ not to be learnt from without, but from within ?” 
We will not here inquire whether the first must be the second, not 
being sufficiently clear as to what is meant by knowledge “from 
without ” and knowledge “ from within,” to enter upon any such inves- 
tigation. It will do for our purpose to take knowledge “ from within” 
to be a phrase descriptive of such truths as that two straight lines can- 
not inclose a space, and knowledge “from without” another phrase 
indicating such truths as are found, say in the facts of political history 
or geography. Let us separate from the rest one axiom of statics, say 
“equal weights at the ends of equal arms of a horizontal straight lever 
balance one another.” First, ‘‘ equal weights ” is a synonyme for equal 
and parallel pressures. We have no objection to placing the idea of 
pressure on the same footing as that of a straight line, for be the name 
we give the former conception what it may, it is probable ‘that those 
powers of communication with the external world which are certainly 
necessary to the development, at least, of pressure, are not less 
necessary to that of straightness. Nor are equal pressures difficult of 
definition; let them be those which are interchangeable, so that 
either may be put in the place of the other. The rest of the terms of 
the axiom are geometrical, and to balance each other is to produce no 
motion,—motion, independently of producing causes, being, we think, 
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as much an idea of geometry as any other. Let 4 and B be the two 
ends of a lever (a rigid bar without weight), and c its middle point, 
which is the pivot; that is to say, the middle point cannot move, the 
only possible motion of the lever being revolution, in the plane of the 
pressures, about that middle point. On these hypotheses, we may 
certainly say that the axiom is self-evident, for want of sufficient 
reason, that is, of a possibility of sufficient reason for anything in con- 
tradiction of it. We have, before the pressures are applied, no cause 
of motion, by hypothesis : we are to conceive a lever, which, if it move 
at all, does so by reason of the pressures. We have made these 
pressures equal, and applied them symmetrically : there is then, and 
can be, no reason why one should predominate, which does not hold as 
much of the other. In the very notion of equality of pressures there 
is interchangeability ; that is, each may be substituted for the other 
without alteration of effect. Suppose then the left-hand pressure to 
predominate: it will do so if the pressures be interchanged. But 
after the interchange the same reasons which made the left hand pre- 
dominate, will make the right hand predominate: or both ends will 
move in the direction of the pressures, which is impossible. 

We believe the preceding to be as legitimate a use as can be made 
of the sufficient-reason principle ; but before statics can be established 
on axioms, there is another of them required, which we have never 
been able to satisfy ourselves comes “from within.” It must be 
assumed that the pressure on the pivot is equal to the sum of the 
pressures on the ends, whatever the length of the arms may be: this 
we believe we learn from existing matter in quite a different sense from 
that in which we speak when we say that we learn the conception of 

or of a straight line from our communication with the exter- 
nal world by our senses: to us it more resembles the assertion that 
the sea is salt, or that a horse has four legs, It certainly does not 
arise from the sufficient-reason principle ; for there is a reason why 
difference of pressures on'the pivots may arise in levers which only 
differ in the arms, namely, that very difference of the arms. In fact, 
there is a presumption against the truth of the proposition & priori, 
derived from a principle the frequent and usual truth of which may as 
well be called knowledge “ from within,” as the conception of pressure 
or of a straight line: this principle is, “ differences generally make 
differences, but*not necessarily.” The beginner in geometry has this 
in his mind when he feels that he has learnt something in finding out 
that the sum of the angles of a triangle is always the same, whatever 
the triangle may be: he would have expected it to be otherwise. 
Triangles of different sides have generally different areas, different per- 
pendiculars, different inscribed and circumscribed ‘circles, and different 
angles: why not different sums of angles? In truth it is a constant 
and latent assumption throughout the exact sciences that “ differences 
are to be su) to make differences, except where the contrary is 
wed.” And the assumption that the pressure on the pivot of a 
er is independent of the arms, is either in defiance of this general 
principle, or a result of experience. 

Thinking, then, that the sciences of pure mechanics can be founded 
upon few and incontrovertible postulates, in such a manner as to entitle 
them to the name of pure sciences, or some other which shall mark the 
real distinction between them and the other sciences of matter, we 
cannot yet be of opinion that their postulates are all derived from their 
own evidence, or obtainable from the sufficient-reason principle. There 
are, however, many points connected with this part of them which are 
difficult of exposition for want of acknowledged terms. 

SUFFIX, a term lately employed in mathematical language to de- 
note the indices which are written under letters, as in a, a, a, @,, &c. 
Though these signs have been so long used, we never saw a wage 
name given to them before the publication of Professor Hall 
‘ Differential Calculus.’ 

SUFFRAGAN. [Bisuor.] 

SUGAR. Referring to Scoar in the Naturat History Division 
of this Cyclopedia for an account of its distribution in the organic 

i m, to a separate article [Sucan CuLTURE anD Manurac- 
TURE] for information concerning the extraction from the sugar-cane, 
and purification of common or cane-sugar, we shall at present only con- 


’ sider sugar from a chemical point of view. 


Sugar—in Persian, shuékur,and 7 sarkara (Sanscrit)—may be 


defined as a body having a sweet taste, which, under the influence, 
direct or indirect, of ferments, splits up into alcohol and carbonic acid. 
As few plants are wholly destitute of sugar, and as many contain it in 
considerable proportions, it is not rising that many so-called 
varieties of sugar should have been described from time to time. Thus 
we read of sugar of starch, sugar of raisins, sugar of milk, sugar of 
— cane-sugar, grape-sugar, manna-sugar, &c. &c. Many of these, 

ever, have been shown to be identical, and at present nearly all 
may be included under four varieties, namely : Sucrose, or cane-sugar, 
including sugar from the beet-root, turnip, carrot, maple, birch, a 
Indian corn, and many fruits of tropical plants ; Glucose, including grape- 
sugar, starch-sugar, and the sugar generally found in dried fruits; 
Fructose, the state in which sugar exists in recently plucked fruits ; and 
Lactose, the sweet principle found in the milk of animals. 

Berthelot divides the whole class of sugars, so so called, into 
two fundamental groups, of which sucrose and glucose are the respec- 
tive types. The glucose group is characterised by fermenting directly 
in contact with yeast; by being destroyed by strong alkalies, even in 
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the cold, and readily at 212° Fahr. ; by the reducing action on potas- 
sio-tartrate of copper ; and by the circumstance that when dried ina 
water-bath the members of this group are isomeric, having the formula 
C,,H,.0,.. The members of the glucose group differ from each other 
in their crystalline form ; in their rotatory power on polarised light 
[SaccHaRIMETRY]; in the modifications they undergo when 

to the influence of heat or acids; in the nature of their combinations 
with water, bases, and chloride of sodium; and in the manner of 
their conversion into mucic acid, &. Under the sucrose group, 
Berthelot includes all sweet principles analogous to cane-sugar ; they 
with difficulty ferment under the influence of yeast; are scarcely 
changed by alkalies, or by potassio-tartrate of copper, even at a tem- 
perature of 212° Fahr.; are, by the action of acids, readily converted 
into new sugars belonging to the glucose group; and are isomeric only 
when heated to 266° Fahr., having then the composition C,,H,,0,,. 
The members of the sucrose group are distinguished from each other 
by their crystalline form ; rotatory power ; unequal resistance to heat, 
acids, and ferments; in their behaviour to bodies with which they 
combine; and in the formation of mucic acid, &c. Sugar of milk 
(lactose), however, stands in a position intermediate between the above 
groups; resembling the glucose series in the action of alkalies and 
copper-salts upon it, it is nevertheless analogous to sucrose in resisting 
the action of heat and ferments, and capability of being converted into 
a fermentible sugar. ’ 

The four chief varieties of sugar differ slightly from each other in 
composition, and very widely in appearance and sweetening power. 
Sucrose has the formula C,,H,,0,,,or possibly double that (C,,H,,0,,) ; 
its appearance and taste are well known. Glucose, or grape-sugar 
(C,,H,,0,.+2Aq.) has considerably less than half the sweetening 
power of cane-sugar, and is generally met with as a somewhat soft 
and granular, rather than crystalline mass. Fructose (chularicose) 
(C,,H,,0,,) is also less sweet than sucrose, and is, moreover, uncrystal- 
lisable. And finally, lactose (C,,H,,0,,) occurs in hard, gritty, mam- 
millated crystalline masses, and is considerably inferior in sweetness 
to any of the other sugars. 

Cane Sugar (C,,H,,O,,)—is colourless, inodorous, of a purely sweet 
taste, moderately hard, and brittle. The crystals, when rapidly formed, 
as in common refined sugar, are small; but when obtained by the 
slow evaporation of a strong solution, they are of considerable size 
(sugar candy). The specific gravity of sugar is about 1°6: it under- 
goes no change by exposure to the air; and, when moderately heated, 
loses only a little hygrometric moisture: it is soluble in one-third of 
its weight of cold water, and in all proportions in hot water : a solution 
saturated at 230° forms,on cooling, a mass of small crystals. It is 
soluble in alcohol, but much less so than in water; absolute alcohol 
takes up only 1-80th of its weight, even when boiling, and this sepa- 
rates in small crystals as the solution cools: spirit of wine, of specific 
gravity 0°830, dissolves nearly one-fourth of its weight. Sugar is 
phosphorescent when two pieces are rubbed together in the dark. 
Heated to about 320° Fahr., sugar melts into a viscid colourless liquid, 
which, cooled suddenly, becomes a transparent mass (barley-sugar) ; by 
keeping, it becomes opaque. At 400° to 420° sugar is converted into 
CaraMEL, or burnt sugar (C,,H,O,), two equivalents of water being set 
free. When exposed to a higher temperature, sugar undergoes decom- 
position, yielding various gaseous products, and leaving a large pro- 
portion of charcoal. Acids produce very different effects upon sugar : 
thus nitric acid decomposes and is decomposed by it, the principal 
products being nitric oxide, carbonic, oxalic, and saccharic acids: 
sulphuric acid, when concentrated, attacks sugar itself, or even a strong 
solution of it, sulphurous and carbonic acid gases being formed and 
evolved, and a large quantity of carbon set free; 1-100th of a grain 
of sugar, on account of the large proportion of carbon which it 
contains, is capable of imparting colour to an ounce of sulphuric acid, 
When sugar, dissolved in dilute sulphuric acid, is kept for a long time 
at a high temperature, it absorbs oxygen from the air, formic acid is 
produced, and there is deposited a brown insoluble matter termed 
ulmin. Ulmin is sometimes formed when recently expressed cane 
juice is heated, a small portion of lime, however, neutralises the acid 
in the juice, and prevents its formation. Hydrochloric acid dissolves 
sugar, and forms with it a thick black resinous paste. A simple 
solution of sugar in water undergoes change slowly when exposed to 
the air, but on the addition of yeast it undergoes rapid fermentation, 
and is converted, first into grape-sugar, and then into alcohol, 

Sugar in many cases combines with the alkalies, earths, and metallic 
oxides, and, in some cases, forms definite compounds with them 
called saccharates, or saccharides. With ammonia, according to Ber- 
zelius, sugar combines to form a compound of one equivalent of each ; 
but by exposure to the air the ammonia escapes, and leaves the sugar 
unaltered: potash and soda appear also to combine with sugar, and 
they destroy its sweetness ; this is restored when the alkalies are satu- 
rated with an acid: but if they be left long in contact, the sugar 
becomes chahged into a substance resembling gum. 

Lime, baryta, and oxide of lead dissolve in considerable quantity in 
a solution of sugar: when the first-mentioned of these bodies, in the 
state of hydrate, is digested at a moderate heat in a solution of sugar, 
a bitter alkaline solution is obtained, in which the sugar is combined 
with an equivalent of lime (CaO, C,,H,,0,,). Professor Daniell obtained, 
by the action of these bodies, gum and crystals of ERAS of lime. 
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The compound of sugar and baryta is similar. When hydrated oxide 


of lead is digested in a solution of sugar, a yellow alkaline liquid is 
formed, which yields a tough deliquescent mass by evaporation; but 
when excess of the oxide is boiled in a selution of sugar, and the 
liquor is filtered hot, it deposite eventually a tasteless insoluble com- 
pound, containing 2 PbO, C,,H,,0,,. 

Sugar dissolves carbonate and diacetate of copper, forming green 
solutions which are not decomposed by the alkalies, and this is also 
the case with the salts of iron. A crystalline compound of sugar and 
common salt may be formed by the spontaneous evaporation of a solu- 
tion of four parts of the former and one part of the latter, According 
to Peligot it contains NaCe, HO, C,.H,O, + C,,H,,0,,. 

Distilled with eight times its weight of quicklime, sugar furnishes 
Metacetons. Chlorine transforms sugar into a brown substance 
partially soluble in water, 

For the action of solutions of sugar on a ray of polarised light, and 
estimation of the strength of a solution of sugar, see SACCHARIMETRY, 

The uses of cane sugar are too well known to require much notice; 
on account of its antiseptic power, it is employed to preserve various 

ble products: it is used as a sweetener of many kinds of food, 
and is in these cases nutritious; but being destitute of nitrogen it is, 
like other substances similarly constituted, incapable of supporting life 
for any length of time, 

Maple Sugar, when refined, is equal in appearance and sweetening 
power to refined cane-sugar; and in composition they are similar, 

Beet-root Sugar is exactly similar to cane-sugar. 

Grape-sugar, or glucose (C,,H),0,,, 2Aq.), or starch-sugar. Besides 
the sources previously mentioned, this variety of sugar has been lately 
shown to be a constituent of healthy urine. Under the name of 
diabetic sugar it occurs in abnormal quantities in the urine of patients 
afflicted with diabetes ; under these circumstances it is readily detected 
on adding to a small quantity of the urine contained in a test-tube, 
first, solution of potash or soda, next a few drops of solution of sulphate 
of copper, and then gradually heating to the boiling point, when an 
abundant deposit of red suboxide of copper will be formed if sugar be 
present in abnormal quantity. The same test may, of course, be 
applied to any other solution suspected to contain glucose. 

Grape-sugar is produced in quantity by allowing a cream of starch 
and water to flow into water containing one per cent. of sulphuric 
acid, at a temperature of 130°Fabr. The whole is ultimately boiled 
for a short time, the sulphuric acid neutralised by chalk, and the solu- 
tion evaporated down and set aside to crystallise. 

Glucose forms combinations with bases which are rapidly decom- 
ppets, yielding GLucie Acm. When heated, they yield uncrystallisable 

eLassic Actb, Combinations of glucie acid with certain crystalline 
principles occur naturally; several are described under GLucosinEs, 

Heated to about 140° Fahr., grape-sugar softens, and at 212° Fahr, 
melts, and loses two equivalents of water. Ata higher temperature it 
is converted into caramel, Water dissolves less of grape than of cane- 
sugar, the solution is less yiscid, and it is not so sweet; hot alcohol, 
however, dissolves more of it, but it is deposited again on cooling in 
crystalline grains. With sulphuric acid, instead of being charred, as 
cane-sugar is, it forms a compound acid called sulphosaccharie acid, 
sulphoglucic, sulpholignic, vegeto-sulphuric, or sulphamidonic acid, which 
gives no precipitate with the salts of barium. 

Honey contains both fructose, or uncrystallisable sugar, and glucose- 
sugar. The two may be separated by strong alcohol, which dissolves 
the fructose and leaves the grape-sugar behind. 

Manna Sugar. [Mannire.] 

Mushroom Sugar. [Mannie] 

Liquorice Sugar, so-called, is not a true sugar. See GuyCyYRRHIZIN, 

Sugar of Milk, Lactine, or Lactose (C,,H,,04,), is obtained by evapo- 
rating the whey of milk to its erystallising point; it forms colourless 
four-sided prisms, which are soluble in about six parts of cold water 
and two and a half of hot: the taste of this sugar is not very 
sweet, it is unalterable in the air, and is insoluble in alcohol and ether. 
Boiled with dilute acids, it is slowly converted into glucose. It forms 
two insoluble compounds with oxide of lead; and reduces boiling solu- 
tions of salts of copper, mercury, or silver. 

Melitose, trehalose, and melezitose, are three varieties of sugar lately 
discovered by M. Berthelot. They are closely allied to cane-sugar. 
Melitose is contained in Australian manna, a product of the Zucalyp- 
tus ; by fermentation it yields a non-crystalline body, termed Lucalyn 
(C,,H,,0,,,2HO). Trehalose, is contained in Turkish manna, a sub- 
stance formed by an insect (Larimus nidificans) at the expense of a 
plant of the genus Echinops ; it seems to be identical with the mycose 
of Mitscherlich, a sweet principle contained in ergot of rye, Melezitose 
occurs in Briangon mauna, an exudation from the Jarch tree. 

Sorlnn (C,,H,.0,,) is a sugar contained in the berries of the mountain 
ash (Sorbus ancuparia), Heat transforms it into a deep red matter, 
termed sorbinic acid. ’ 
~ SUGAR CULTURE AND MANUFACTURE, Sugar is a sweet 
crystallised substance, most commonly prepared from the expressed 
ioe of the gugar-cane, of which there are several species; but some- 

mes from beet-root, from the sap of one or more species of maple; 
and from other vegetable productions. Saccharine matter i& indeed 
one of the most common of vegetable secretions, but it is only from 
the above-mentioned substances that sugar has been extracted to any 


great extent as an article of commerce; and of these the sugar-cane is 
by far the most extensively used. The sensation of sweetness is 
indeed produced not only by many vegetable and animal substances, 
but also by some of purely chemical character. The muscular parts of 
all quadrupeds, birds, and fishes, if boiled or roasted soon after death, 
have a decided though slight degree of sweetness; which sweetness 
disappears on the commencement of the spontaneous change which 
ends in putrefactive decomposition. Glycerin is a sweet substance 
obtainable from most of the fats or expressed oils, whether animal or 
vegetable, by the process of saponification. The sweet taste of new 
milk is occasioned by a saccharine substance called sugar of milk. 
Honey-dew, or aphis-sugar, and the honey of the bee, are intermediate 
between animal and vegetable sugars; because, though derived from 
vegetable juices, they are modified by digestion in the stomachs of 
insects. Among vegetables which contain sugar ready formed (th 
not in a crystallised or separate state), there are several trees from 
sap of which it may be obtained in sufficient quantity for human use, 
Two of these—the syeamore and the birch—are natives of Britain; 
but the sugar which they yield is not sufficient to repay the expense 
of manufacture. The sugar-maple, which abounds in some parts of 
North America, yields sugar in such abundance as to be of considerable: 
importance. Many trees of the palm family afford a sweet sap, which 
may be boiled down to a tolerably solid viscid sugar, 
matter exists in many ripe fruits in great abundance, as is evident not. 
only from their sweet taste, but also from the circumstance that it 
exudes from some, such as the fig and the grape, in the process of drying. 
Several roots, particularly of the tuberous or fleshy kind, contain 
sufficient saccharine matter to be commercially important, either for 
separating it ina pure state, or in the form of an extract of all the 
soluble ingredients of the root. Of the latter elass liquorice is one 
of the most important. For the former p , attempts have been 
made upon several fleshy roots employed as:food. f (in 1747) 
tried the skirret (a variety of parsnep), the white beet,and the red beet. 
His experiments were resumed some years afterwards by M. Achard, at 
the desire of the Prussian government. Probably these and some other 
early experiments led, in some degree, to the subsequent introduction 
of the manufacture of beet-root sugar in France under M. Chaptal. 
The above details show how many sources there are from which 
sugar might be obtained, None of them, however, as far as experi- 
ment has shown hitherto, will bear comparison with the sugar-cane in 
point of cheapness; beet-root sugar indeed has entered into com- 
petition with that from the cane, but only successfully when aided by 
fiscal regulations. . ¢ ' 
History of Oane Sugar.—Unless. we suppose the sacred writers 
to have alluded to it, Herodotus is probably the earliest author 
who mentioned sugar. Theophrastus describes three kinds of 
honey—from flowers, from the air (apparently honey-dew), and from 
canes or reeds; and in another place he bes a reed or cane that 
grew in moist places in Egypt, which was sweet even to the roots, 
From some passages in early writers it would seem that the juice of 
the cane was used as a drink. The term “honey of canes,’ which 
appears to indicate a fluid or semi-fluid consistency, was used 
Avicenna, as late as the tenth century, Dioscorides, about the peri 
of the reign of Nero, is said to be the first writer who uses the word 
Saccharum (caxxapov), or sugar; but though he gives an accurate 
description of it, he was evidently unacquainted with the process by 
which it was prepared. He says “it is in consistency like salt, and ib 
is brittle between the teeth like salt.” Seneca speaks of sugar as honey 
found on the leaves of canes, which is produced by the dew, or the 
weet juice of the cane itself, concreting; thereby showing’ the like 
Pierce of its real character. Pliny speaks of sugar as brought from 
Arabia, and better from India. “ It is,” he says, “honey collected’ 
from canes, like a gum, white, and brittle between the teeth; the 
largest is of the size of a hazel-nut. It is used in medicine only.” 
Galen, in the second century, gives a description of sugar almost 
identical with that of Dioscorides, excepting that he says nothing of 
its brittleness and resemblance to salt. These qualities are however 
again mentioned by Paulus A®gineta, in the 7th century, who, following 
Archigenes, an earlier writer, describes sugar as “the Indian salt, in 
eolour and form like common salt, but in taste and sweetness like 
honey.” ifn 
Such notices might be extended much further; but enough has 
been stated to show that sugar was known, and was an article of 
commerce, at least as early as the commencement of the Christian era; 
and also to prove that its origin was very imperfectly understood by 
ancient Greek and Roman writers, Although more than one writer 
speaks of sugar as coming from Arabia as welllas India, it was probably 
Sessions apenicat orem outing Step Indias LEh Seana 
emselyes of sugar as coming from appears pro! 
that the white sugar-candy of China, which has been yery long cele- 
brated for its excellence, was the Indian salt of the Roman authors, 
The historians of the crasades describe the sugar-cane as “met with by 
the Crusaders in Syria. One of these, Albertus Agnensis, about 
year 1108, says that “ sweet honied reeds,” which were called Zucra, 
were found in great quantity in the meadows about Tripoli. ‘These 
reeds were sucked by the crusaders’ army, who were much pleased 
with their sweet taste; and our author gives the oldest description 
extant of the process of extracting sugar from the cane, Another of 
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these historians, Jacobus de Vitriaco, in 1124, says that in Syria reeds 
grow that are full of honey; by which he understands a sweet juice 
which, by the pressure of a screw-engine, and concreted by fire, 
becomes sugar. About the same time William of Tyre speaks of 
sugar as made in the neighbourhood of Tyre, and sent from thence to 
the farthest parts of the world. As early as the time of the emperor 
Frederick Barbarossa, sugar was produced in great quantity in Sicily, 
and used in two states; either boiled down to the consistence of honey, 
or boiled further, so as to form a solid body of sugar. About 1306, 
was made in the countries subject to the Sultan, and also in 
Rhodes, Amorea, Sicily, and other places belonging to the 

The progress made in introducing the sugar-cane, and the 

process of extracting sugar from it, into the islands of the Mediter- 
ranean, into Italy, and into Spain, were derived from the Arabs, and 
were in some degree connected with the increased communication with 
the East occasioned by the Crusades. It is stated by Venetian histo- 
rians that in the 12th century Venice could import sugar cheaper from 
Sicily than from Egypt. The manufacture of sugar was probably 
introduced into Spain by the Moors. About 1420 the Portuguese took 
the sugar-cane from Sicily to Madeira; and probably during the 15th 
century, it was carried from Spain to the Canaries. From these 
sources, the cultivation of the sugar-cane, and the art of making sugar, 
were extended by different nations of Europe to the West Indian 
islands and the Brazils. Wherever the sugar-eane may have been 
indi us, there is no reason to question the fact that the manu- 
facture of sugar, derived originally from China and India, was intro- 
duced into the western world by the Spanish and Portuguese. In 
Hispaniola, or St. Domingo, there were, as early as 1518, twenty-eight 
sugar-works, established by the Spaniards. Peter Martyr, who gives 
this information, remarks on the extraordinary growth of the cane in 
that island; which, for a long period, afforded the principal supply of 
sugar to Europe. Antwerp, about 1560, received sugar from Spain,— 
which had it from the Canaries; and also from Portugal, the latter 
country crscan Hache 8. Thomé and other islands on the African 
coast, and from i Sugar was also an article of import from 


Whatever may have been the precise period of the commencement 
of the ish sugar-manufacture in Barbadoes, Anderson states that 
in 1627, and for several years later, the Portuguese supplied most 
parts of Europe with Brazil sugars. About 1650 the British planters 
in Barbadoes appear to have been realising property very rapidly by 
the raising of sugar; they having obtained a few years before, valuable 
information from Brazil respecting the culture ont cess of extracting 
sugar from the cane, In 1676 the sugar trade of Barbadoes is said to 
have attained its maximum, being then capable of employing 400 
vessels, averaging 150 tons burden. 

Cultivation of the Sugar-Cane.—The botanical characters of the sugar- 
cane are given under Saccuarvm, in Nav. Hist. Dry., where also the 
prineipal ies are mentioned. The height attained by the canes, 
their colour, the length of their joints, and many other particulars, 
vary with different species, with the character of the soil, and with the 
modes of culture adopted. The stems vary in height from eight feet 
up to twenty feet, and are divided by prominent annular joints into 
short lengths. Long narrow leaves sprout from each joint; but as 
the canes approach maturity, all the leaves from the lower joints fall 
off, The outer part of the cane is hard and brittle, but the inner 
consists of a soft pith, which contains the sweet juice; this juice is 
elaborated capers | in each joint, independently of those above and 
below it, The canes are usually propagated by slips or cuttings, con- 
sisting of the top of the cane, with two or three of the upper joints, 
the leaves being stri off. These are planted either in holes dug 
by hand, or in trenches formed by a plough, from eight to twelve 
inches deep. Three feet between the rows, and two feet between the 
holes in the rows; are about the minimum distances; but when the 
horse-hoe is used to keep the ground clear from weeds, the distances 
are usually increased to five feet and two and a half feet respectively. 
Two or tore slips are laid longitudinally at the bottom of each hole, 
and covered with earth from the banks, to the depth of one or two 
inches. In about a fortnight the sprouts appear a little above the earth, 
and then a little more earth from the bank is put into the hole; and 
as the plants continue to grow the earth is occasionally filled in, by a 
little at a time, until, after four or five months, the holes are entirely 
filled up. From August to Noyember is generally considered the best 
time for planting in the British West Indies; and about March and 
April is perhaps the most generally approved time for cutting the canes, 
although that operation is sometimes performed through a great part 
of the year. The maturity of the cane is indicated by the skin be- 

dry; smooth, and brittle; by the cane becoming heavy; the 

ith gray, approaching to brown; and the juice sweet and glutinous. 
canes which grow immediately from the planted slips are called 
plant-canes ; but it is usual, in the West Indies, to raise several crops 
in suceessive years from the same roots; the canes which sprout up 
from the old roots, or stoles, being called rattoons, The rattoons are 
not 80 us as the original plant-canes; but they afford better sugar, 
arid that with less trouble in clarifying and concentrating the juice. 
Some planters have, under favourable circumstances, raised rattoon 
erops for more than twenty years successively, from the same stoles. 
The canes should be cut as near the ground as possible, because the 


richest juice is found in the lower joints. One or tivo of the top joints 
of the cane are cut off, and the remainder is divided into pieces about 
a yard long, tied up in bundles, and carried immediately to the mill. 
The upper branches of the cane are used as food for cattle; the 
remainder of the waste forms a valuable manure, for which purpose 
the trash or waste from the mill is admirably suited, though much of it 
is usually consumed as fuel. 

Preparation of Raw Sugar.—The operation of cutting the canes is so 
adjusted as to keep pace with the action of the mill by which the 
juice is to be pressed out; so that the canes may be crushed or ground 
while quite fresh. In the East Indies mills of very rude and imperfect 
construction are used ; some of them resembling mortars, formed of the 
lower part of the trunks of trees, in which the canes are crushed by 
the rolling motion of a pestle, moved by oxen yoked to a horizontal bar: 
The expressed juice runs off by a hole bored obliquely from the lower 
part of the mortar-like cavity, and is conducted by a spout to a vessel 
placed to receive it. In order to make such a mill effective, it is neces- 
sary to cut the cane into very small pieces. Other mills are capable of 
being moved from place to place, so that they may accompany the move- 
ments of the cane-cutters. One of these consists of two vertical rollers 
of hard wood, having, near their upper ends, endless screws, or spiral 
ridges, so fitting into each other that both rollers may revolve when 
rotatory motion is applied to either. The axis of one of the rollers is 
prolonged vertically above the framing, and carries a beam to which 
oxen are yoked to turn the mill. This appears to be the prototype of 
the vertical mill long used in the West India colonies. Another, still 
simpler, consisting of two grooved rollers placed horizontally in contact 
with each} other, and turned by the power of men applied to levers at 
their ends, appears, in like manner, to be the rude original of the 
improved horizontal mills introduced of late years. The common 
vertical cane-mills of the West Indies consist of three rollers, usually 
of wood, with narrow strips of iron attached to their faces, so as to 
form, by the spaces left between them, straight grooves extending from 
end to end of the rollers. The moving-power is applied to the middle 
roller, and communicated from it to the others by cogged wheels. Of 
late steam-engines have been adopted with good effect in some of the 
sugar-works in the West Indies. In using the mill, a negro applies 
the canes in a regular layer or sheet to the interval between the first 
and second rollers, which seize and compress the canes violently as they 
pass between them. The ends of the canes are then turned, either by 
another negro on the opposite side to the feeder, or by a framework of 
wood called a dumb returner, so that they may pass back again between 
the second and third rollers. As these are placed nearer together than 
the first and second, they compress the canes still more, so that on 
leaving them they are reduced to the form of dry splinters, which are 
called cane-trash. Channels are added to receive the liquor expressed 
from the canes, and to conduct it to the vessels in which it is to 
undergo the succeeding operations. 

The construction of this mill is very defective. A better form is 
that of placing the rollers in a horizontal position, and feeding the mill 
by sliding the canes gradually from an inclined board. The rollers, 
made very accurately of cast-iron, and fluted or grooved on the surface, 
are not placed in the same plane, but are arranged in a triangular form, 
the periphery of the upper roller being very nearly in contact with the 
two lower rollers, which are also very near together. The two lower 
rollers, which are called respectively the feeding and delivering rollers, 
lave small flanges at their ends, between which the top roller is placed, 
so that the pressed canes may not be able to escape from the rollers 
and clog the machinery. The feed-board is an inclined plane,.com- 
monly of cast-iron, the edge of which is nearly in contact with the 
feeding roller. The delivering board, which receives and conducts 
away the trash of the cane, is also of cast-iron, sloping downwards froni 
the delivering roller. In some cases the liquor is raised from the 
gutter of the mill-bed by pumps connected with and worked by the: 
machinery of the mill. Where circumstances render such an arrange- 
ment practicable, labour may be saved by placing the crushing-mill on 
a high level, so that the liquor may run from it to the vessels in which 
it is to be purified, by inclined gutters. In Demerara a well-constructed 
engine and mill will produce about a hundred gallons of liquor per 
hour for each horse-power. 

Cane-juice, as expressed by the mill, is an opaque, slightly viscid 
fluid, of a dull gray, olive, or olive-green colour, of a sweet balmy taste, 
and of a specific gravity varying from 1°033 to 1106. It holds in’ 
suspension particles of solid matter from the cane, a considerable 
portion of which is separable by filtration or repose. The juice is so 
exceedingly fermentable, that in the climate of the West Indies it 
would often run into the acetous fermentation in twenty minutes after 
leaving the mill, if the process of clarifying were not immediately 
commenced. 

We have next to treat of the extraction of the sugar from the juice.- 
As practised in the East Indies, the liquor, after being strained so as 
to separate the coarser feculencies, is boiled down in open boilers into 
a thick inspissated juice; the scum which rises during the operation 
being removed. When it is sufficiently evaporated, it is removed into 
earthen pots to cool, and in these ‘it becomes a dark-coloured, soft, 
viscid mass, called goor, or jaygery. Much of the molasses or un- 
crystallisable part of the juice is then separated, by putting the goor 
into a coarse cloth and subjecting it to pressure. The sugar is further’ 
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purified by boiling it with water, with the addition of an alkaline solu- 
tion and a quantity of milk. When this has been continued until 
scum no longer rises upon the liquor, it is evaporated, and sometimes 
strained, and etbeb sina tesashaieas to earthen pots or jars. After it 
haa been left for a few days to granulate, holes in the pots are re 
and the molasses drains off into vessels placed to receive it. The 
sugar is rendered still purer and whiter by covering it with the moist 
leaves of some succulent aquatic plant, the moisture from which drains 
slowly through the sugar, and carries with it the dark-coloured 
molasses, A similar process to the above is said to be practised in 
The separation of the sugar from the cane-juice is effected in a much 
simpler manner in the West Indies. The juice is conducted by gutters 
from the mill to large flat-bottomed pans, called clarifiers. Each of 
these is placed over a fire, which may be regulated or extinguished by 
a damper ; and each is supplied with a stop-cock or siphon for drawing 
off the liquor. When the clarifier is filled with juice, a little slaked 
lime is to it; the ay — is called grec bee: ie ag" 
mixed with a little cane-juice @ consistence 0 
pir ar eto in the clarifier becomes hot, the solid portions 
of the cane-juice coagulate, and are thrown up in the form of scum. 
The proper heat is indicated by the scum rising in blisters and break- 
ing into white froth, which commonly happens about forty minutes 
after the fire is lighted. The damper is then closed, and the fire dies 
out; and after an hour's repose, the liquor is ready for removal to the 
first of the ett 2 pans. 
From the clarifier the purified juice, bright, clear, and of a yellow 
wine colour, is transferred to the largest of a series of evaporating 
read three or more in number. These evaporators are placed over a 
ong flue, heated by a fire at one end, over which the smallest of the 
coppers, called the teache, is placed. In the oa of boiling, impuri- 
ties are thrown up in the form of scum, which is carefully removed. 
In the teache, the liquor is boiled down to as thick a consistency as is 
considered necessary for granulation; this point being most commonly 
ascertained by observing to what length a thread of the viscid syrup 
may be drawn between the thumb and finger. This trial by the touch, 
whence the teache is supposed to derive its name, is very imperfect ; 
for it sometimes happens that the syrup may have the required tenacity, 
and yet not be in a good state for crystallising. The latter point may 
be better ascertained by observing the incipient granulation of the 
p on the back of a ladle dipped in the teache. The thermometer, 
bbe useful, will not be a sure guide in determining the proper 
moment for striking, or emptying the teache ; because a viscous syrup, 
containing much gluten and sugar, altered by lime, requires a higher 
temperature to enable it to granulate than a pure saccharine syrup. The 
concentrated syrup is ladled, or skipped, from the teache, either imme- 
diately into open wooden boxes called coolers, or into a large cylindrical 
cooler, from which it is afterwards transferred to the granulating vessels. 
In these the sugar is brought to the state of a soft mass of crystals, 
imbedded in thick, viscid, but uncrystallisable fluid. The separation 
of this fluid is the next process, and is performed in the curing-house. 
This is a large building, the floor of which is excavated to form the 
molasses reservoir. Over this cistern is an open framing of joists, 
upon which stand a number of cpcicd potting-casks ; each of these 
eight or ten holes bored through the lower end, and in each hole is 
placed the stalk of a plantain-leaf. The soft concrete sugar is removed 
from the coolers into these casks, in which the molasses gradually drains 
from the crystalline portion, percolating through the spongy plantain- 


When it leaves the curing-house the sugar is packed in hogsheads 
for shipment as raw, brown, or muscovado sugar ; and in this state it is 
commonly exported from our West Indian colonies. As the molasses 
is very imperfectly separated from the crystallised sugar, a considerable 
diminution of weight takes place subsequent to the shipment, by 
the drainage from the hogsheads. This waste has been estimated to 
amount to no less than 12 per cent. The loss npon French colonial 
sugars used to be much greater even than this, Means have, however, 
ae of late years in some colonial sugar-works for reducing 

08s. 

Olayed sugar, also called Lisbon sugar, is raw sugar that has been 
subjected to a peculiar operation, The r is removed from the 
coolers into conical earthen moulds called formes, each of which has a 
small hole at the apex. These holes being stopped up, the formes are 

laced, apex downwards, in other earthen vessels. The syrup, after 
haa stirred round, is left for fifteen or twenty hours to crystallise. 
The plugs are then withdrawn, to let out the uncrystallised syrup; 
and, the base of the crystallised loaf being removed, the forme is filled 
up with pulverised white sugar. This is well pressed down, and then 
a quantity of clay mixed with water is placed upon the sugar, the 
formes being put into fresh empty pots. The moisture from the clay, 
filtering through the sugar, carries with it a portion of the colouring- 
matter, which is more soluble than the crystals themselves. When 
the loaves are sufficiently purified to be removed from the formes, 
they are dried gradually in.a stove, and crushed into a coarse powder 
for exportation. Claying is little practised in British plantations, from 
an opinion that the increase of labour and diminution of quantity of 
produce occasioned by it are not compensated by the improved quality 
of the sugar. It was however very generally practised by the French in 


St: Domingo. Hague’s process consists in submitting the raw sugar, 
after being cured in the usual way, to the action of a vacuum filter. 
The apparatus consists of a shallow vessel, beneath which isa cavity 
connected with an air-pump. The bottom of the vessel is perforated 
with a number of small holes; and when a quantity of muscovado 
sugar, mixed with a little water into a pasty mass, is laid in it, upon a 


piece of haircloth, the air is withdrawn from the cavity beneath the 
The pressure of the superincumbent atmosphere u the 
surface of the sugar then drives the moisture, and with it much of the 


colouring-matter, through the holes in the bottom of the vessel. When 
the sugar is sufficiently whitened, the air-pump is stopped, the s| 

and molasses are removed, and a fresh charge of muscovado is appli 
Another means of avoiding the loss consequent on the drainage from 
raw sugar during its voyage to this country, is the im ion of 
sugar for the use of the refiner, in the form of concentrated cane-juice, 
containing nearly half its weight of granular sugar along with more or 
less molasses, according to the care taken in the boiling operations. 

Before proceeding to the subject of sugar refining, it may be well to 
make a few observations on suggested improvements in the West 
Indian treatment of raw sugar. Chemists, and the better class of 
sugar-growers, have long known that a large amount of sugar is wasted 
by an imperfect management of the operations at the plantations. It 
is believed that 25 per cent. of the juice lodges in the cells of the 
megass or trash, and is lost; it ought to be extracted, but is not. 
Even if not, the trash might form a better fuel for the boiling-houses 
(where it is now used) if first dried by the surplus heat of the 
chimneys, &e. Dr. Scoffern,in 1847, ascertained that, in various ways, 
no less than two-thirds of the sugar is in some instances lost. In 1849 
he introduced certain improvements, intended, by the use of new 
defecating agents, to increase the quantity of juice obtained from the 
cane, and of sugar obtained from the juice. Some of the agents used 
by him are poisonous however in their natural state, though innocuous 
in the process; and this seems to have retarded the acceptance of his 
method, Some inventors say that the weight of juice extracted is 
rg, Er per cent. of the weight of the original cane, whereas it ought 
to be 90 per cent,; and they have devised a mode of treating the 
megass with hydraulic pressure, after the mill has done its work; by 
this means the megass becomes a flattened mass of trash, as hard and 
nearly as dry asa deal board. It is also believed that, by a better con- 
struction and management of apparatus more = and less molasses 
{Moxasses] might be obtained from a given weight of juice. tL 

Sugar-trash has been tried in England as a material from which to 
make paper, but without much success. 

Sugar-refining.—Raw or muscovado sugar, as brought from the 
colonies, forms the common moist or brown sugar of the sho The 
saccharine particles are always mixed with other matter, which imparts 
to the sugar a dark colour, a moist clammy feeling, and an empyreu- 
matic odour, The object of the sugar-refiner is to remove these 
impurities, so as to obtain the sugar in the hard white semi-transparent 
state known as loaf-sugar. 

The art of refining sugar, as well as that of extracting it from the 
cane, is supposed to have been brought to Europe from the East, — 
probably from China; but at what time is uncertain. The Venetians 
are believed to have been the earliest sugar-refiners in Europe; and it 
is known that they practised the art before the discovery of America. 
The Venetians originally operated upon the coarse black brought 
from t, and followed the Chinese ice of converting it into 
sugar-candy before they made loaf-sugar. Stow (‘Survey of don’) 
states that sugar-refining was commenced in England about 1544. 
There were then two sugar-houses in London, but they yielded little 
profit, because there were many sugar-bakers in Antwerp who could 
supply refined sugar to England better and cheaper than it could be 
made at home. Subsequently, the commerce between id and 
Antwerp being stopped, these two sugar-houses supplied all England 
for twenty years, and became so profitable, that many other persons 
nar in Se’ business. ae - 

ew mal turing operations have undergone more important 
changes than that of sugar-refining. As generally practised until 
within a recent period, the process commenced by mixing the raw sugar 
in a Jarge open copper with lime-water, and adding to the mixture when 


warm a MY yroxps 2 of bullock’s blood. The heat occasioned the serum of 
the blood to te, and in so doing to collect most of the impuri- 


ties floating in the liquor, and to raise them with it to the surface of 
the syrup in the form of a thick scum, which was carefully removed. 
This clarifying process was sometimes repeated with a fresh quantity 
of blood, or, as it is technically called, spice. When the liquor was 
thus rendered tolerably clear, and was partially evaporated by boiling, 
it was further cleansed by passing it through a filter of thick woollen 
cloth, which detained any particles of scum that might have been 
left after skimming the liquor. It was afterwards concentrated by 
boiling in a smaller open copper till sufficiently thick for graining ; 
after which it was formed into loaves in the manner 
described. For loaves of the finest quality a second refining followed 
this. In the preceding section allusion has been made to the methods 
of separating molasses from raw sugar by the vacuum-filter and the 
hydraulic-press, both of which have been applied to the preparation of 
sugar for refining; by the latter process sugar is now capable of 
yielding loaves equal to double-refined by ohe process. 
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Many improvements have been effected upon the old methods of 
ifying and concentrating the syrup. The raw sugar is transferred 
from the casks into large circular blow-up cisterns, in which it is mixed 
with lime-water. The mass is heated by steam, forced by its own 
pressure through small apertures in copper pipes, which are laid along 
the bottom and sides of the vessel; and the perfect solution of the 
sugar is aided by stirring with long poles. The liquor is allowed to 
flow from the blow-up cistern to a range of filtering-vessels in a room 
beneath. The filters are tall vessels six or eight feet high, of cast-iron 
or wood, having cisterns at top and bottom ; and a number of cloth or 
canyas tubes, closed at their lower ends, but communicating at their 
upper ends, by which they are suspended, with the upper cistern. 
Within each of these tubes is a bag of thick close cotton-cloth, which, 
being much larger in diameter than the tube in which it is enclosed, 
is necessarily folded together. By this device a very extensive filtering 
is obtained in chap tengred and, as the liquor from the 

upper cistern cannot escape from the bags except by percolating 
through the meshes of the cloth, it becomes, as it pas into the 
lower cistern, very clear and transparent; most of the solid impuri- 
ties remaining in the bags. On leaving the filter, the syrup, though 
clear and transparent, is of a reddish colour; and the removal of this 
tinge is effected by filtering the syrup through a mass of powdered 
charcoal. The application of the bleaching power of charcoal to the 
purification of sugar is one of the great improvements effected by 
modern science. Powdered animal charcoal is placed in a large square 
vessel, which has a perforated false bottom, to the thickness of nearly 
three feet. The syrup is conducted by pipes from the bag-filter to the 
surface of the charcoal, through which it percolates slowly; it then 
drops through the holes into the cavity beneath, where it is found 
almost colourless. In some cases, before the sugar is placed in the 
blow-up cistern, it is partially purified by mixing it into a pap with 
hot water or steam, and exposing it to drain in large sugar-moulds, 
similar to those used in the preparation of clayed sugar. In this case 
the purification may be rendered more complete by the filtration of 
moisture from a magma of sugar (a mass of wet sugar in a state 
resembling mortar), applied in the same way as that of clay in the 
claying process. Sometimes also a little blood is mixed with the 
sugar in the blow-up cistern; or, instead of it, a mixture of gelatinous 
—- and gypsum, called jinings. Other refiners use both the blood 


In the concentration of the clarified syrup, which forms the next 
— improvements of the greatest importance have been effected. 

the old plan of concentrating the syrup in open pans, they were 
heated by fires toa temperature of from 230° to 250° Fahr. Many 
plans were contrived for rendering the application of heat more 
regular and controllable. It is well known that fluids will boil at a 
much lower temperature ina partial vacuum than when exposed to 
the ordinary pressure of the atmosphere; and by the happy applica- 
tion of this principle, Mr. Howard removed the chief Tlimeulties 
attending the evaporation of saccharinesyrup. The accompanying cut, 
which represents one of the vacuum-pans constructed on Howard's 


* 


ge may assist in the explanation of this admirable contrivance. 
apparatus consists of a copper vessel, a,b, the several parts of 
which are united by flanges, with packing between the joints to render 
them perfectly air-tight. The middle portion, a, is cylindrical, from 
six to seven feet in diameter; and the upper part, 4, is convex or 
dome-shaped. The bottom is also convex, but in a less degree. The 
bottom is double, the cavity between the inner and outer casings 
forming a receptacle for steam. The best kinds of pans have also a 
spiral coil of copper pipe a little above the inner bottom, by which 
steam may be’ made to circulate through the body of syrup in the 
pan, and thereby assist evaporation. The bottom cavity is supplied 
with steam generated at a low pressure; but the spiral pipe contains 


steam of high pressure, and consequently of great heat. There is a 


short broad pipe called the neck, rising from the dome, from which 
a communication is formed with an air-pump, by which'the pan may be 
partially exhausted of air. A communication is also formed between 
the interior of the pan and a vessel containing clarified syrup. A 
quantity of liquid sugar is admitted. The air-pump continues at 
work during the boiling of the syrup, motion being communicated to 
it from a steam-engine; and by this means the sugar is enabled to 
boil at a temperature of only 130° to 150°, or 100° lower than that 
required in open vessels. To ascertain when the syrup is sufficiently 
evaporated, the pan is supplied with a very ingenious appendage called 
the proof-stick, the handle of which is shown as held by an attendant. 
It consists of a tube extending into the pan, and terminating in a 
peculiar kind of valve, so formed that, by turning a rod inserted in 
the tube, a sample of sugar may be drawn out without admitting air 
into the vessel. The sample thus obtained is tried by the touch, as 
described in explaining the process of evaporation in the West Indies ; 
and when it appears to be in a satisfactory state, the sugar is allowed 
to flow, through an opening in the bottom of the pan, into a granu- 
lating-vessel in a room below. 

The practice of boiling the syrup at so low a temperature has occa- 
sioned a curious difference in the next process, which is that of granu- 
lating the concentrated liquor. In the West Indies, the vessels used 
for this purpose are called coolers, because the syrup is brought down 
to a lower temperature than in the boiling-coppers. ‘The corresponding 
vessels used in refining sugar upon the old plan were similar to these, 
and were called by the same name; but when the method of boiling 
at a low temperature is adopted, the granulators become heaters instead 
of coolers; the sugar, when placed in them, being raised to a tem- 
perature of 180° or 190°. This is done by the admission of steam 
into a cavity surrounding the granulating-vessel, a shallow open 
copper or pan, in which the thick pulpy mass is stirred quickly to 
promote the granulation. 

From the granulators the sugar is transferred, by means of copper 
basins or pans, into moulds of a conical form, usually of iron. These 
moulds have orifices at their points, which are stopped up before they 
are filled with sugar. They are arranged with their open bases upper- 
most ; and immediately after the sugar is poured in it is stirred round, 
to diffuse the crystals equally through the semifluid mass. They are 
then left for several hours, that the sugar may become solid: after 
which they are removed to another room; and, their points being 
unstopped, they are set in earthen jars, that the uncrystallised fluid 
may drain from them ; or the same purpose is effected by placing them 
in racks, with gutters to receive the syrup. This syrup is re-boiled 
with raw sugar, so as to yield an inferior quality of sugar ; and when 
all the isable matter has been extracted from it, the remainder 
is sold as treacle. It was formerly usual to “clay” the loaves in order 
more thoroughly to remove the molasses; but this process is aban- 
doned by most refiners for the superior method introduced by Mr. 
Howard of cleansing the loaf by causing a saturated solution of sugar 
in water to percolate through it. When the loaf of sugar is thoroughly 
purified by the repetition of this process, and is sufficiently dry, it is 
turned out of the mould; the base being scraped to an even surface, 
and the apex applied to a kind of lathe, in which any part that may be 
slightly discoloured is cut off, leaving the end clean and smooth. The 
loaves are finally dried in an oven heated by steam-pipes to a tem- 
perature of 130° or 140°, and then wrapped up in paper for sale. 

It is needless to follow the processes by which the syrups and other 
refuse of the best sugar are converted into sugars of inferior quality, 
which are either sold as cheap loaf-sugar, or formed into large coarse 
loaves called bastards, which are crushed into powder for sale. It has 
been asserted that about two-thirds of the molasses found in the moulds 
under the old system were formed by the intense heat employed in 
concentrating the syrup; a loss which is now, in a great measure, 
obviated. The effect of these improvements in diminishing the price 
and consequently increasing the consumption of refined sugar, is also 
very important; the cost of refined sugar being now only about 20 per 
cent. greater than that of raw sugar, although formerly the difference 
of price was as much as 40 per cent. : 

In the preparation of refined sugar, as in that of raw, many improve- 
ments have recently been introduced; but none equal in importance 
to Howard’s capital invention of the vacuum pan. The chief of them is 
the draining of the sugar-loaves by centrifugal motion, on the system 
now 80 ly adopted in many branches of manufacture. [DRyING 
Macuryes.] Several sugar moulds, with crystallised wet sugar in 
them, are arranged in a horizontal circle, each with its open apex out- 
wards; the frame containing them is made to rotate 800 times ina 
minute, and the centrifugal force thus generated drives all the moisture 
out of the sugar and out of the mould. Or the wet mass may be put 
at once into a centrifugal machine, and whirled round until it becomes 
a nearly dry white powder. In either case there is a great saving of 
time over the old method, Van Goethem, a Belgian sugar refiner, has 
been the chief agent in bringing about this improvement. : : 

Sugar-Candy.—This is the only kind of refined sugar made in China 
and India; and is made of the finest quality by the Chinese, who 
export it in considerable quantities. Two sorts are met with at Canton, 
called, respectively, Chinchew and Canton; the former being the 
produce of the province of Fokien, and the latter of that of Canton. 
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Of these, the former is by far the best. Chinese sugar-candy is con- 
sumed, to the almost total exclusion of other sugar, by the Europeans 
at the settlements in the East, The process of making it is briefly 


described under Canby. 

Beet-root Sugar.—The of manufacturing sugar from beet is 
described under Beer. manufacture was commenced in Europe 
chiefly through the high price of colonial sugar, owing partly to war 
and partly to taxation. The early attempts were disastrous: but 
within the last few the omar has greatly extended. 
Stollé, of Berlin, estimated the quantity of beet sugar exported from 
the countries where it was mada, os ms about 2,300,000 cwt, annually ; 
but this affords no index to the quantity made and consumed in those 
countries. Itis known that 20,000,000 centners of beet-root have been 
used for the manufacture in Germany alone in one year. In France, 
also, the number of beet-sugar manufactories is very large. The 
relative advantages and disadvantages of beet-sugar have long been, 
and still are, a matter of controversy. Stollé claims for beet-su 
made in Europe, over cane-sugar made in slave oan the following 
advantages: superior intelligence and skill of the operatives ; supe- 
riority and easy repair of machinery ; ready intercourse of the manu- 
facturers with chemists and mechanical inventors; the presence of 
the owners instead of entrusting the management to agenta ; a ready 
supply of labour and skill of various kinds; and a climate less likely 
than that of tropical countries to produce fermentation in the saccha- 
rine juice. Very favourable balance sheets have frequently been put 
forth by beet-sugar makers; but these, like many other kinds of 
balance sheet, require to be received with caution, 

We may here add a few words wating sugar from the maple arid 
the Sorghum saccharatum, 

Maple-sugar is made in Canada and the United States. The sap is 
obtained by boring holes in the trunk of the maple-tree, in a direction 
inclining upwards, with an rin omy about three-quarters of an inch in 
diameter ; the ee of the h being such a that they may penetrite 
about half an inch into the alburnum, or white bark, as the sap is 
found to flow more freely at that ng than at any other. Tubes of 
elder or sumach are inserted én the holes, so as to project a few inches 
from the trunk; their outer ends being cut so as to form small troughs, 
along which the sap trickles into receptacles placed beneath them. 
The season for collecting the “<.. extends from the beginning of 
February to the middle of April. ough collected in frosty weather, 
the tendency of the juice to fermentation renders it desirable to 
boil down the sap wi two or three days at furthest from the time 
of its extraction. This is done in very rude apparatus, which is carried 
to the encampment formed the sugar-makers; The syrup is thus 
brought to about one-third of its original bulk, the scum which rises 
being removed. White of egg is sometimes used as a clarifier; and 
occasionally a little butter or fat is thrown in during the last boiling. 
The molasses are separated, though mostly in a very imperfect manner, 
by filtration. The concreted sugar is said to be equal in taste to cane- 
sugar, and to sweeten as well. It is seldom refined; but is capable of 
being made equal to loaf-sugar from the cane. 

The Sorghum saccharatum, or aon Grass, has lately beooine si object 
of attention. Seeds were brought from China, and distributed in France, 
ay ie Germany, England, and the United States. Some were sown 

in a market-garden at Streatham, in October, 1858 ; the plants grew to 
a height of 10 feet; and the juice was said to contain 13 per cent. of 
saccharine matter. Dr. Scoffern even asserted that every acre of 
inferior sandy land in England might be made to yield 4} tons of sugar 
from this source; that in bad years the plant might be sliced in 
November, dried, and used for fodder, instead of turnips; and that it 
is superior to the white beet and the sugar-maple as a source for sugar. 
This high encomium, however, has not been verified, The plant, 
nevertheless, is more easily cultivated than the sugar-cane, and over a 
wider variety of soil; and as the juice is contained in stems ble of 
being sliced, there is no occasion for a sugar-mill, On the other 
hand, Dr. Hayes, of the United States, from experiments made in 
1857, found that the syrup would not erystallise properly ; whence he 
inferred that the plant secretes, not true sugar, but a semi-fluid glucose, 
At any rate, the plant is worthy of further attention in Europe. It is 
said that the first seeds were brought from Shanghai to Paris in 1851, 
that all died but one, and that all the plants of the Sorghum now being 
grown for this experiment in Europe and America are the produce of 
this one seed. 

Sujar-T'rade.—It is not known how much sugar is made in the 
world. Stollé, in 1853, put down the quantities of cane-sugar exported 
from the several countries as follows i= 


East and West Indies ae : + 7,030,000 owts, 
French colonies. 7 > POO, 000 i 
Dutch colonies . ; ’ Fy é Ge 300, 000 4, 
Spanish colonies ; =. 5 sy 5 6,650,000 |, 
Danish colonies; 5 ssw 180,000 
Brazil . ‘ ; é , ; - 4,000,000 ,, 
United States ao) dh uth ileus b SEADOO 
23,150,000 ,, 


To which he added about an equal quantity consumed in those same 
countries, He also put down in his tabulation, 3,300,000 ewt. of beet 
ugar, 2,000,000 of palm-avgar, and 400,000 of maple-sugar, If these 


estimates are approximately correct, the total sugar product ' 
over 50,000,000 ewts, Mr. M‘Culloch has expressed an opinion 

1858, the produce of cane-sugar all over the world was £260,000 tena, 
equal to 25,000,000 cwts,—an estimate so much lower than that of 
Stollé for 1853, as to show that the authorities vy 


data. Mr, M‘Culloch credits Cuba with one-third all the cane-sugar 
grown in the world. ; 
(uaa ey eosin 6s SS ee 
on on sugar ; in 
an was doubled. This ually Bag Hey te Maee he 
from which it fell to 24s. in 1833. From 1793 to 1808, the _ 
duty on East India was 37 and 88 per cent. ad valorem; and 


the reduction of East India 
on foreign sugar varied from 60s. to 63s, 

Fluctuations in price, and the domestic precchene-ttint of the 
weeagnes od diversities in the consumption of different years. ‘Thus 
with th ow rice of 1831, reagent pve tars wen 

otwithatanding thie population of Great Britain 
2,000; 000. The annual consum: av above abe irg 
for England and Scotland, and would pro be 50 Ibs, if a great 
reduction were to take place in the price. In France the annual eon- 
sumption averages 5 lbs, per head; in the states of the shoes 2 
above 4 lbs. ; and in the Vilieks of ‘Continental Europe, 

The quanti of sugar produced in the West wet Tdion has Seeoeiahad 
greatly since the emancipation of the slaves, The equalisation of thé 
duty on East India in 1836 gave a stimulus to the cultivation of 
the sugar-cane in the Indies, and ths ieapeet ot ee 

expectation, being 1,066,032 ewts., or above 53,000 tons. 
of 1840 was so hore 2316 ows of foreign sugar 


home consumption of 68s, or 80s. the owt: ewt. more than 
pcm meme A cor at he Oe ee 
foreign countries is chiefly exported to the Continent, where the price 
is on an average from 10s. to 20s. the cwt, lower than in this Ou 
efit Bde deongar Phage sariges Mochi ahe stony 8 eby 
fo’ gar might, under certain circumstances, be 


reign su imported 
duty of Sis. instead ‘of 68e re abou) a aw a8 28 Sug fom 


funie thy baste Stay per a By acts passed in 1846 
and 1848, the duties on arg {ee sugar were grad ‘to 
pasty y ‘equality, th the Pe ay ne a be completed in 1854, at 

to 183, 4d. per cwt; to 
qonliyi Between af 1884 and and 1888 ie. duties were sligh’ , to 
meet a war expenditure ; during this interval, the lowest on the © 
lowest kind was 114 jtn he bigeal duty on the gly mie ging 


san 


Entered i 
oN Amount of Duty, 
1888.) .2.«< 22) eee - £4,400,000 
1888. "¢. > ene ys 4; 000 
1848, 4) 8 4,000,000 “Ff : 
1848 (ey is -.21'6,100,000, 96 
1853— : =e : 7,300,000 |, 
1858 8,500,000 
The aboye isi ae ge in —- a 
the present state Uibls, the feures A 16 votm even 
in more detail :— 
Imported, Home 
bi ; anus ewts, 
uM: — sg 
» rd qui 77 ” 
_ Total engl te 5,807,588 ” 
Refined sd. sugat . Me 
nage : : coe ih tt 12026 y, 
Moles 5 6 OSS 3 559,953 4, 
9,777,678 45 9}535,640. yy 
It will thus be seen that the cy oon sail qual of sugar eat nendi 
équiils the rts, leaving onl juantity for re-exportation. — 
Hy by oy real valtié of ¢ whtle (hinds the yay was about 
1 0007, rh 
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chiefly of vegetables, but also at antaaleh te the class } 
, decording to the 


inalia, It presents considerable 

whence it is obtained, and is into those Svhich are capa 
ble of undergoing the vinous fermentation, and into those which are 
not; also into those which can assume a definite ote ee 
those which catnot; but sometimes these two kinds co-exist in 
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oden- 
m, the Strelitzia Regine, and Zucomis punctata. Sugar is 
i by which regu dsc J s ent parts of plants 
is, when germinate, are nourished. Hence it is produced 
quantities in guch seeds as contain starch, when excited to 
may be observed in the process of malting, which up to 

is exactly that of the germination of the seed. Under 
ircumstances, seeds which are insipid from the bland nature of 
which contain become sweet. By this means many 

are as little suited for the nourishment of man 

to contribute to his support, by merely steeping them in 
till they sprout, A similar transformation of starch into sugar 
in ipening of many fruits. Thus the fruit of the 
ee hich ten thered green, abounds in starch, 
ripen on the stalk is destitute of starch, and yields much 
saccharine matters, The same happens when 
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a wound being made in the spatha, a large ay ated of a sweet fluid 
disti be concentrated by boiling, when sugar is 
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grasses, according to the stage of growth when they are cut down and 
made into hay. (See ix to Davy’s ‘ Agricultural Chemistry.’ 
Those which have been allowed to become too rij pays tayo 


by the fermentation (heating) which occurs after the 
; but this is sometimes so violent as to consume the 
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not contain sufficient to it the concentration of it; 
however to ene Be vinous fermentation, and 
ne. 


there 
there 
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contributes to their nutritive 


period. This influences greatly the nutritive powers of these | and th 


‘likely proves one source of the poisonous qualities they sometimes 


possess, as it is occasionally transformed into oxalic acid. Masses of 
crystals have been observed on the cap of a mushroom, some of which 
were sugar, while others were oxalic acid. Free oxalic acid is found in 
the Polyporus sulphwreds, Bull., which is most likely formed at the 
expense of the sugar. 

The only uncrystallisable sugar which is capable of fermentation is 
the syrup which remains after the refining of the cane and other sugars, 
It receives the name of molasses, and is used in medicine under the 
name of Sacchari faex, which is preferable to that of theriaca, as 
this might lead to confusion with a poisonous compound which bears 
ee name, Molasses are largely employed for the distillation 
of rum. 

The kinds of sugar unsusceptible of fermentation are, the sugar 
of milk and mannite; yet sugar of milk, when by the action of 
dilute sulphuric acid it is converted into granular sugar, is as 
susceptible of fermentation as any of the above-described: In other 
ts it conducts itself like common sugar, except that with nitric 
oe hondes sree anid, it forms saclactie acid. It is procured from 
whey, either simply by evaporating to dryness (saccharwm lactis inspis- 
satum), or by er galieng it. It is frequently separated from the 
curd by the addition of a great many substances, which can coagulate 
this, such as alum, vinegar, tamarinds, and mustard, and in certain 
diseases these medicated wheys are much recommended, 

Sugar of milk has little sweetness, but a hot solution of it 
tastes much sweeter than the dry sugar. Sugar of milk is much 
used by the followers of hommopathy as the material of their dynam- 
ised globules. 

Manna sugar constitutes the greater portion of the manna which 
flows from the Ornus ewropaca and other ashes in the south of Europe, 
the bark of the olive-tree, many species of pines, the root and leaves 
of celery, the bulb of the common onion, and in the rhizome of the 
Triticum repens, or couch-grass, The sweet juices of many plants, 
such as beet, carrots, &c., when long e to the air, generate 
manna sugar by a partial fermentation. 'o prevent this is one of the 
great objects in the manufacture fof beet-root sugar; hence the neces- 
sity for speedily concentrating and purifying this juice. To this variety 
of sugar Bie) belongs Pygadon, mbich Lem ya es root of 
Digitaria (Cynodon) Dactylon, e principle canellin, 
obtained from canella alba, eoanr 

The principle called glycyrrhizin, obtained from the liquorice-plants, 
e analogous principle from the leaves of the abrus precatorius, 
and the root of the common polypody fern, probably belong here, as 
well as sarcocollin, which exists both in Penea mucronata, P. Sarco- 
colla, and in the polypody. Picromel, or the sweet principle which 
exists in the bile of mammals and birds, is probably a variety of sugar, 
though posusceptiye of fermentation, and ought to be considered in 
conjunction with it, from the share it may have in augmenting the 
8 in diabetes. (See Experiments of Claude Bernard.) 

treating of the dietetical properties of sugar, it is necessary to view 
it in a variety of conditions. In temperate climates s is regarded 
as a luxury, one indeed which is nearly indispensable by ine in tropical 
countries it is a universal article of subsistence, partly as real sugar; 
and , and more generally, as it occurs in the cane, which is either 
simply chewed or sucked, or softened by previous boiling. In this 
state it is eminently nutritious, It has been called “the most perfect 
alimentary substance in nature,” and the results, in the appearance of 
the during the cane harvest, notwithstanding the increased 
seyere toils of that season, seem to confirm the statement. They 
almost invariably become plump and sleek, and scarcely take any other 
food while the harvest lasts ; even the sickly revive, and often recover 
their health. The crude plant, or the newly expressed juice, contains 
water, sugar, gum, green fecula, extractive, gluten, acetic and malic 
acids, acetates of lime and potash, supermalate and sulphate of lime, 


| and lignin. It is the object of the various proce’ses to which the 


juice is subjected, both in the countries where it is produced and 
where it is refined, to separate the sugar from the other ingredients, 
some of which dispose it to ferment and spoil, and others are obstacles 
to its erystallising. (See a valuable paper by Messrs. Guynne and 
Young, in ‘ British Annals of Medicine,’ yol. i., p. 778; and ii., p. 42; 
where they enumerate tannic acid and oxide of iron among the ingre- 
dients of raw sugar). By the removal of such of these principles as 
contain azote, eepecialty the gluten and green fecula, the nutritive 
power of pagar 1s see) ly diminished. 
However ess the use of saccharine vegetables may be to per- 
sons in health, there cannot be a doubt but that in some instances 
are extremely hurtful, ‘ The derangement or partial suspension 
of converting the saccharine principle in man into the albuminous 


or oleaginous, not only constitutes a formidable species of dyspepsia, 
but the unassimilated saccharine matter in i ugh the 
kidneys gives occasion to the disease termed diabetes.” The blood 


of a perfectly healthy individual contains no appreciable quantity of 
sugar; but in diabetes, sugar has been repeatedly ascertained to exist 
in the sanguiferous system,—a fact unequivocally demonstrating that 
the assimilating organs had failed to convert the saccharine aliment 
into the constituent principles of the blood, Oxalic acid is neither 
found in the blood nor in the urine in a state of health; but in certain 
forms of disease probably exists in both fluids, Lactic acid, when in 
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excess, which forms one of the most troublesome kinds of acidity in 
the stomach, and the frequent concomitant of bilious attacks, is like- 
wise the result of such mal-assimilation generally of the saccharine 
matter, though occasionally of albuminous gnatters, The prohibition 
of articles of a decidedly saccharine nature from the diet of diabetic 

tients becomes absolutely n . Not only sugar in its crystallisa- 

le states must be prohibited, but Dies fruits which contain it. A 
single peach or pear has occasionally brought back the disease in all its 
severity. Even those starchy or farinaceous matters which we have 
seen to be convertible into sugar must be avoided, especially potatoes, 
the starch of which is, of all others, the most easily transmuted into 
sugar which is of the same nature as the diabetic sugar. 

The abuse of sugar is to be avoided by persons dis to the 
oxalic acid diathesis ; and persons of a bilious habit should use it with 
great moderation, as also those with tendency to rheumatism. 
(See Prout.) 

Sugar, though prone to fermentation when in 4 dilute state, 
possesses when concentrated great antiseptic properties, and is exten- 
sively employed to preserve both animal and vegetable substances 
from decomposition. Sometimes the sugar existing naturally in many 
fruits is sufficient to ensure their preservation, as in figs, raisins, and 
other dried fruits; especially if the season has been bright and warm, 
when more sugar is elaborated. In other cases sugar is added, as in 
many preserves and jellies. Sugar added to meat, fish, &c., renders 
less salt necessary for keeping them, and preserves more of the natural 
taste and flavour. Many medicinal substances, as well as flavours and 
colouring principles, are preserved by means of sugar. [SyRuPs,] 
Sugar, from the readiness with which it reduces to a metallic state 
those bases which have a weak attraction for oxygen, has been proposed 
as an antidote in cases of poisoning with copper, corrosive sublimate, 
&c. It is to be doubted whether syrup is adequate to effect the reduc- 
tion at the temperature of the stomach. On the other hand, sugar 
yields oxygen to those substances which attract it strongly, such as 
phosphorus; hence nothing so quickly and certainly revives a fire 
nearly extinct as throwing a little brown sugar on the embers. Sugar 
burnt at a low temperature constitutes caramel; one part of this 
dissolved in four parts of water constitutes the liquor (improperly 
called tinctura) sacchari tosti, which is employed as a colouring- 
matter for many liquids, especially for the dark-coloured sherries and 
other wines. 

Refined sugar is much employed for the administration of volatile 
oils, constituting foleo-saccharums. Finely powdered white sugar 
sprinkled upon ulcers with unhealthy granulations acts as an 
escharotic. 

The term sugar has been applied to some substances on account of 
their sweet taste, which are widely different from real sugar, and 
possess even poisonous properties, such as acetate of lead, or sugar of 
lead. Oxalic acid, another very poisonous substance, is often called, 
from being prepared from sugar, acid of sugar, and therefore thought 
to be harmless. Fatal accidents frequently result from this mistake. 
[Oxaice Actp.] 

SUICIDE is the term usually applied both to the act of self- 
destruction and to him who commits it. As a subject of medical 
investigation, the most important distinctions among cases of suicide 
are founded on the circumstances which lead to its commission ; and 
of these there are two chief classes: in one, a man is led to disregard 
his life for the sake of something for which his death is necessary ; in 
the other, he is depressed by an evil more intolerable than the act of 
dying. But whichever of these be the motive, it may act in two 
different ways, and the suicide may be, as M. Esquirol has said, either 
acute and involuntary, or chronic and prepense. Or, again, suicides of 
all kinds may be divided (and this is probably the most practical 
method) according to the condition of the mind which has preceded 
the act, and which in each case constitutes the disposition to self- 
destruction. ; 

In many cases this disposition is only a part of the general perversion 
of the judgment in complete insanity : it thus exists in certain maniacs 
in combination with many other signs of a diseased mind. Some are 
merely melancholy ; some are carried on by illusions which lead them, 
as if unintentionally, to suicide; some have sensations which they 
imagine may be cured by such violence as proves fatal; some are 
driven to the act by commands which they imagine they have received ; 
some destroy themselves at the commencement of insanity, when they 
are conscious of the malady which threatens them; others, in their 
convalescence, in horror at the excesses which they have committed, or 
at the mere thought of having been ‘deranged. 

, There are also cases of monomania in which almost the only indica- 
tion of insanity is the desire for self-destruction, excited by an illusion 
respecting some melancholy event, or by some fancied command. 
A peculiar and very terrible variety of this monomania, is that in 
which the desire for destruction leads the patient to take the lives of 
others, against whom he bears no ill-will, before he attempts his own. 
Many —— of this homicidal monomania, as it is called, are 


There are conditions of the mind which are not called insanity (in 
the ordinary acceptation of the term), but which do not less strongly 
: to suicide. Such is especially that named ennui, or tedium 
vitee, for which, though it is thought by foreigners to be so common in 


England that Sauvages has — it “ melancholia op nine: bait 
our language no term exce} very inexpressive one, 
circumstances give rise to this state of mind; most commonly it is the 

uence of a want of occupation, or of a sudden transition from 
state of active exertion in business or in pleasure, to one of voluntary 
or compelled repose ; or it results from the difficulty which those who 
have long lived in the excitement of frivolous pursuits find in main- 
taining it by new objects of desire. . 

The state of the 1 amiss though of somewhat the same kind, 
is less dangerous. He is persuaded indeed that his sufferings are irre- 
mediable, and that death would be a great relief to him ; he even often 
talks of committing suicide; but he is as irresolute in the use of the 
means of death as he is anxious in the use of those for prolonging life ; 


and if he do at last, after repeated postponements, attempt to destroy 
himself, the attempt is generally, thro want of i 
abortive, and he again sinks into the same ndency and i: y- 


In all theze cases the suicide is of the chronic or prepense kind ; 
in all, the condition of mind which precedes it is connected with a 

rversion of the judgment so obvious, that no reasonable person could 

esitate to re, it as insanity. Whatever ingenuity of plan 
have been shown in the preparation for the ach, recy fow pecaran am F 
deny that, wider similar external circumstances, it would not haye 
been committed by a sane man ; and this is true of the great majority 
of prepense suicides in the present day. ‘ 

In the acute or involuntary suicides, the predisposing condition of 
the mind is the result of circumstances which act Meek and pervert 
a judgment which, before their occurrence, might be deemed sound. 
Suicides of this kind are probably less frequent than those of the pre- 
ceding ; but they are usually more shocking, and attract more atten- 
tion; they are especially common in large towns, or wherever men pursue 
great objects at great hazards. For instance, a loss of or of 
honour, the failure of an ambitious enterprise, jealousy, r 
afflicting events, are enough at once to deprive a man of tender 
bility of the power of just reflection, and to make him think that death 
is not so bad as the misery which he must undergo. On the spur of 
the moment of angi, os destroys himself. Similar circumstances 
impel a man of colder temperament, or of a braver pi toe more 
slowly'to the same end. The one may fora time endure passively 
his di e; the other may have ¢ Se ee 
it; but at length the judgment is in both alike perverted, the 
same state of mind is produced which urges others to immediate self- 
destruction. te 

Lastly, there are examples in which suicide is committed with c 
coolness, being adopted, after due deliberation, as the most j 
course which, in the circumstances of the case, and as far as know- 
ledge of the individual enabled him to judge, could be followed. Such 
are many of the cases in which men, finding themselves afflicted with 
incurable and painful diseases, have shortened that which they believed 
would be a miserable life ; and of the same class are the suicides com- 
mitted in accordance with national custom, or superstition, or from 
patriotic motives. The cases of this class are not proper subjects for 
medical consideration, for in these there is no disorder of the mind. 
The act is committed either without deliberation, in obedience to 
custom or authority ; or, when deliberation is used, the conclusion is 
only the n result of the error in the premises. : 

Such are the states of mind which most eres | predispose to 
suicide, and the circumst which produce them. e character of 
the act itself usually corresponds closely with that of the mind by — 
which it is urged. By those who commit it after deliberation, the’ 
means employed are almost always successful ; so they are when men 
who have endured affliction for some time, at last sink under it. But 
when suicide is attempted under the sudden impulse of the fear of — 
disgrace, the endeavour is often abortive ; the means chosen are insuffi- 
cient, or they are awkwardly employed ; and it deserves notice, that 
the attempt generally seems to be the acme of the frenzy; for if it be 
unsuccesstul, it is very rarely repeated, and often he who has made it, 
in the next minute seeks assistance, and bitterly repents his folly. 

It is a generally received pe that cold foggy climates favour the 
development of the suicidal disposition ; but in Holland, the climate of 
which is very similar to that of Great Britain, the proportion of suicides 
is lower than in any other countries with milder cli 3; and that 
many circumstances are capable of counterbalancing whatever influence 
climate may have, is proved by the number of suicides in the same — 
country having varied considerably in different periods. It has also 
been shown that the number of suicides, in proportion to the popula- 
tion, is greater in France than in England. In the year 1858, in 
England and Wales the total number of suicides was 1257, of whom 
921 were males, and $36 females, or 1°6 in 20,000 of the whole popula- 
tion, or 1 in 450 of the deaths, : > ot 

In accordance with the same general opinion, it is commonly said 
that suicides are more frequent in the latter part of the autumn than 
in any other season; but statistical inquiries would seem to indicate — 
that the kind of weather which is most favourable to the suicidal dis- 
position is rather that of long-continued heat and drought, The 
tendency to suicide varies greatly among — of different stations 
and occupations. Ina letter from Mr. Farr to the registrar-general, 
this tendency was shown to be “least among persons who carry on — 
occupations out of doors, and greatest among artisans who are weakly 
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from birth, are confined in-doors, have their rest disturbed, or have 
little muscular exercise.” 

From what has been said of the variety of causes which may engen- 
der or encourage the disposition to suicide, it must be manifest that 
no general account can be given of. the morbid conditions of the body, 
or of the brain, which accompany the mental disturbance. Many facts 
relating to this = of the subject have been related ; but as yet they 
are by any generalisation. We may therefore proceed at 
once from the causes to the treatment of the suicidal disposition. 

Here also what has been said of the one may serve for a guide to the 

of the other. With to the treatment of those 
among the insane who exhibit a tendency to self-destruction, there can 
be no other deviation from the ordinary treatment of insanity than 
that which consists in the careful removal from them of all means by 
which their intentions may be accomplished. Both for these and for 
those who show no other sign of insanity than their desire for death, 
the most successful remedy is the giving full occupation for the time ; 
this is indeed essential to the safety of all who show any disposition to 
suicide. The occupation moreover should be one which will carry the 
mind as far as possible from the subjects on which it is morbidly sensi- 
tive, or on which it has been accustomed to dwell too intently. Above 
all, a person suspected of an intention to commit suicide, should be 
kept caréfully from’ the contemplation of histories of self-destruction. 
Numerous instances have proved that the tendency to imitate the acts 
of others operates as forcibly in producing suicides as in encouraging 
the most trivial fashion. For all cases of imitative suicide there 
is a plain preventive means which should never be neglected, namely, 
the fear ofibeing disgraced after death; and that this operates 
forcibly in deterring men from suicide, is a sufficient proof of the 
imprudence of the opinion which regards suicide as affording by itself 
evidence of the insanity and irresponsibility of those who 

commit it. 

SUICIDE, in Law, is death caused by the act of the party dying. 

A rescript of Hadrian expressly directed that those soldiers who, 
either from impatience of pain, from disgust of life, from disease, 
from madness, from dread of infamy or disgrace, had wounded them- 
selves or otherwise attempted to put a period to their existence, should 
— be punished with ignominia (‘Dig.,’ 49, tit. 16,s.6,‘De Re 

ilitari’); but the attempt of a soldier at self-destruction on other 
Scare was a capital offence ; and those who, being under prosecution 

heinous offences, or being taken in the commission of a great 
crime, put an end to their existence from fear of punishment, for- 
feited all their property to the Fiscus. (‘Dig., 48, tit. 21, s. 3.) 
Suicide was not uncommon among the Romans in the later republican 
; and it became very common under the emperors, as we see 

the examples in Tacitus, and in the younger Pliny, who mentions 

the case of Corellius Rufus (‘ Ep., i. 12), Silius Italicus (iii. 7), Arria 
iii. 16), and the woman (vi. 24) who succeeded in persuading her 
usband, who was labouring under an incurable disease, to throw him- 
self, tied to her, into a lake. ([Siu1vs Iraticus, in Broc. Drv.] 
Except in the cases mentioned in the two titles of the ‘ Digest’ above 
cited, suicide was not forbidden by the Roman law; nor was it dis- 


countenanced by public opinion. 
Suicide, by the law of “England, is a crime attended by some of the 


consequences attached to felony. It is called, in law, though incor- 
rectly, felonia de se. A felon de se then is a person who being of years 
of discretion and in his senses, destroys his own life, either intendin 
to do so, or intending to do some other act of a character bo’ 
unlawful and malicious; the legal effect of which is a forfeiture to the 
crown of all the personal yy which the party had at the time he 
committed the act by which the death was caused, including debts 
due to him. Though the crime is called felony, it was never attended 
with forfeiture of freehold, and never worked any corruption of blood. 
But formerly the crown was entitled to the year, day, and waste of the 
freehold lands of a self-felon; as we find that in 1289 the widow of 
Aubrey or Albert (Alberici) de Wytelesbury gave 300/. to the king 

‘Edw. L.) to have all the goods and chattels of her husband, “a felon 

drowning himself,” saving to the king the year, day, and waste of 

Aubrey’s lands and tenements. (2 Madox, ‘ Exch.,’ 347.) 

The fact that a self-felony has been committed is ascertained by an 
inquest or inquisition taken before the coroner or other officer having 
authority to hold inquests, upon view of the dead body, and examina- 
tion of witnesses in the ce of a jury, summoned, as in other 
cases, to inquire into the cause of a sudden or violent death, 
(Coroner.] : ; 

Where a self-felony is found by the inquisition, the jury ought also 
to inquire and find whether the party had any, and, if any, what goods 
and chattels at the time when the felony was committed. But an 
omission in this respect may be supplied by an inquisition taken by 
the sheriff under a writ De melius inquirendo, or “ further inquiry.” 
The property in the self-felon’s goods, upon being found in either of 
these modes, is vested in the crown with relation to the time of the 
felony, so a8 to make any intermediate dealing with the property void 
as the crown. : i 2 ee 

crown tikes the property of the felon subject to no liability in 
respect of his debts or engagements. But upon a memorial presented 
to the treasury by a creditor, a warrant is generally obtained, authoris- 
ing the grant of of administration to such creditor, who, upon 
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such grant being made, acquires the ordinary rights, and becomes sub- 
ject to the ordinary liabilities of a personal representative. 

It was formerly usual for the crown to make grants to its servants 
and favourites of the property arising from these and other forfeitures. 
These grants were either of particular forfeitures, or of forfeitures 
accruing within a particular district. Grants of the latter description 
were usually made in fee simple, and many such grants are still in 
force in various parts of England. 

The finding of the jury is not conclusive either as to the fact of 
self-felony or as to the property of the deceased; and all persons 
interested in controverting any part of the finding may plead to the 
inquisition, and contest its insufficiency by a demurrer, or deny its 
truth by a traverse. The issues, of law or of fact, raised upon such 
pleadings, are disposed of as in other cases. Formerly coroners 
returned their inquests into the court of King’s Bench, in order that 
process might issue against those who made seizures, set up claims, or 
withheld property or debts in derogation of the rights of the crown. 
But since the 4 & 5 Will. and Mary, c. 22, that practice has been dis- 
continued ; and the course now is, for any party who considers him- 
self aggrieved by the finding of the coroner’s jury, to remove the 
inquisition by Certiorari into the court of Queen’s Bench, when if in 
consequence of some legal defect the inquisition cannot be supported, 
the court will quash it without putting the party to the expense of a 
demurrer. If however the inquisition be good in substance, the 
coroner may be ordered to amend defects in form. 

Neither self-felony nor any other crime can be committed by a child 
who has not attained years of discretion; nor can it be committed by 
a person who, by disease or otherwise, has lost, or has been prevented 
from acquiring, the faculty of discerning right from wrong. A ten- . 
dency to self-destruction is common in several species of insanity, and 
the connection between the morbid affection and the act of violence 
which occasions death may often be very distinctly traced. It not 
unfrequently happens however that cases arise in which it is nearly 
impossible to determine whether the act is to be ascribed to a diseased 
state of the mental faculties, or to passions which are not under the 
ordinary restraint. 

At common law, which in this respect follows the canon law, a per- 
son found by inquest to be felo de se is considered as having died in 
mortal sin; and his remains were formerly interred in the public 
highway without the rights of Christian burial, and a stake was driven 
through the body: but by the 4 Geo. IV., c. 52, the coroner or other 
officer by whom the inquest is held is required to give directions for 
the private interment of the remains of any person against whom a 
finding of felo de se shall be had, without any stake being driven 
through the body, in the churchyard or other burial-ground of the 
parish in which the remains of such person might by the laws or 
customs of England be interred, if the verdict of felo de se had not 
been found; such interment to be made within twenty-four hours 
from the finding of the inquisition, and to take place within the hours 
of nine and twelve at night, without performance of any of the rites of 
Christian burial. 

The Code Pénal of France contains no legislation on the subject of 
suicide. Of the modern codes of Germany, some adopt the silence of 
the French code, and others vary in their particular provisions. In the 
Bavarian and Saxon codes suicide is not mentioned. The Prussian code 
forbids all mutilation of the dead body of a self-murderer under 

i circumstances ; but declares that it shall be buried without 
any marks of respect otherwise suitable to the rank of the deceased ; 
and it directs that if any sentence has been pronounced, it shall, as far 
as it is feasible, be executed, due regard being had to decency and pro- 
priety, on the dead body. Besides which, the body of a criminal who 
commits self-murder to escape the execution of a sentence pronounced 
against him is to be buried at night by the common executioner, at 
the usual place of execution for criminals. The Austrian code simply 
provides that the body of a self-murderer shall be buried by the 
officers of justice, but not in a churchyard or other place of common 
interment. 

SUIT is a legal term used in different senses. The word secta, which 
is the Latin form, is from “ sequor,” to follow; and hence the general 
meaning of the word may be deduced. 

1. A suit is a proceeding by which any legal or equitable right is 
enforced in a court of justice. Where the remedy is sought in a court 
of law, the term is synonymous with action; when the proceeding is 
in equity, the term suit is alone used. It is also applied to proceedings 
in the ecclesiastical and admiralty courts. 

2. Suit of court, in the sense of an obligation to follow, that is, to 
attend, and to assist in constituting a court, is either real or personal. 

Suit-real, or rather suit regal, is the obligation under which all the 
residents within a leet or town are bound to attend the king’s ériminal 
court for the district, whether held before the king’s officer and called 
the sheriff’s tourn, or held before the grantees of leets or the officers of 
such grantees, and called courts-leet. [Lxxr.] 

Suit-personal is an obligation to attend the civil courts of the lord 
under whom the suitor holds lands or tenements; as in manors 
[Manors] where there are copyhold, that is, customary estates, the 
custom imposes upon the copyholder an obligation to attend the lord’s 
customary court. In the case of freeholders attending as suitors the 
county court or the court-baron (as in the case of the <a tenants 
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Bai) 

baroniam attending parliament), the suitors ate the judges of 
ai, and the sheriff fe the county court, the lord or steward in the 
court-baron, only presiding officers with no judicial authority. But in 
the crimifial jurisdiction of the tourn aud leet, the sheriff and the 
gtantee of the leet, or his steward, aré the judges; and the suitors act 
only 4 subordinate je ; 

3. Besides suit of court, sécta ad curiam, there are other ioe of 
personal suit, which, like suit of court, ate divisible into 6 t-service 
and suit-custom, Of thesé the most usual is suit of mill, secta ad 
molendinum, which is where, by tenuré or by custom, the freehold or 
cu tenant is bound to his corn at the lord’s mill. 

SUIT AND SERVICE. ([Svrr.} 

SULPH, or SULPHO. A prefix used in chemistry in naming a 
large number of substances containing the element sulphur. Most of 
these bodies will be foutid described under their respective names ; 
bat others will be fourd under the name to which the prefix is added, 
thus sulpholeic acid is described under OLetc Act, 

SULPHACETIC ACID (C,H,S,0,,). An organie acid formed 
the action of anhydrous sulphuric acid upon py ea adetic aci 
It Youd in very deliquescent needles, It is bibasic. 

SULPHAMETHYLANE. [Meruvt, sulphamate of.) 

SULPHAMYLIC ACID. [Amyt.] t ? 

SULPHANILIC ACID (C,,H,NS,O,). An unimportant derivative 
of aniline. 

SULPHANISOLIC ACID. A synonyme of methylstilphophenic 
acid, (Meray.; PHenyiio Grovr, 

SULPHANISOLIDE, [Putsruic Group.) 

SULPHATAMMON. ([Sutravr.] 

SULPHATES. egy ary Sulphuric Acid.) 

SULPHETHAMIC ACID (C,,H,,N8,0,,). An ammoniacal deri- 
vative of sulphate of ethyl. In its most concentrated form it is a 
liquid, Bbullition decom: it. 

SULPHETHYLIC ACID. gg 

SULPHETHYLOLIC ACID, Syrionymous with ethylsulphurous 
acid. [Eruyt. 

SULPHIDES. ([Sutraur, 

SULPHINDIGOTIC ACID. [Ixpico.] 

SULPHINDYLIC ACID. [Inprco.] 

SULPHION. ([Svtrnur. 

SULPHISATANOUS ACID (C,,H,,NO,; 8)0,): A crystalline acid 
of no et ee derived from 

SULPHISATHYD. [Iybrco,] 

SULPHITES. [Sutruvr, Sulphurous Acid.) 

SULPHOAMIDONIC ACID. [Svean.] ‘ 

SUPHOBENZIDIC ACID. [PHEnyn-SuLPHUROUS AcrD.] 

SULPHOBENZIDE. [Pxenyiic Grovp.} 

SULPHOBENZOENIC ACID. | beer Ghovr.] 

SULPHOBENZOL (0,,H,S8,). white crystalline organic sub- 
stance isomeric with hydride of sulphobensiyl It is obtained by 

acting upon hydride of chlorobenzéy] with sulph-hydrate of potash. 

*  SULPHOCARBONIC ACID. [Surruur.] 5 
SULPHOCARBONIC ETHER. (Eruyt.] 
SULPHOCARBOMETHYLIC ACID. A synonyme of methiyldi- 

sulphocarbonic acid. [Mertiyn.] 

SULPHOCETIC ACID, [Ceryt, Cetyl-silphurie Acid.) 

SULPHOCHOLEIC ACID. [Cxox.ete Act.) 

SULPHOCYANHYDRIC ETHER, [(Eruvr.] 

SULPHOCYANOGEN. ([Cyranocrn, Cyanogen and Silphur.} 

SULPHOFORM. Aci. 


SULPHOFLAVIC ACID. [Ixpreo.] 

SULPHOFULVIC ACID, [Inpico.| 

SULPHOFURETHANE,. [Carsanic Actb.] 

SULPHOGLUCIC ACID., [Suear.] 

SULPHOGLUTINIC ACID. [NapuruAtic Grovp.] 

SULPHOHAMATHIONIC ACID. An acid of problematical 
existence, said to be derived from Purree, or Indian Yellow. 

SULPHOLIGNIC ACID, [Suaar. 5 

SULPHOMESITYLIC ACID (C;,H,,8,0,). A crystalline acid pro- 
duced by dissolving mesitylene in fuming stilphutic acid; 

SULPHOMETHYLIC ACID, A synotiyme of metliyl-sulphuric 
acid, . (Meriyt. ‘ ‘ 

SULPHOMETHYLSULPHURIC ACID. <A &ynonyme of metliy)- 
sulphurous acid. [Mrruyn. f 

SULPHOMOLYBDIC ACID. [Monrabenvat, sulphides of.) 

SULPHOMORPHIDE. oueet ALKALOIDS OF.] 

SULPHONAPHTHALIDAMIC ACID, [NarnrHatie Grovr.] 

: SULPHONAPHTHALIDE (Cy,H\,80,%). A derivative of naphtha- 
lin is said to possess this formula, but it is probably # inixturé of 
haphthdlin and ee hthalin. 

SULPHONAPHTHALIN, [NApurmaric Grove.) 
SULPHONARCOTIDE. [Oprust, ALKALOIDS or.] 
SULPHOPHENIC ACID. [Puenyiic Grovr.] 
SULPHOPHENICIC ACID. [Iypi00.} 
SULPHOPHENYLAMIDE, [Puenyite Grovr.} 
SULPHOPHENYLIC ACID, [Puexyt-sutruurre Activ.) 
SULPHOPINIC ACID, “aed ALKALOWS OF.] 
SULPHOPURPURIC ACID, [Ixptco.] 

SULPHORUFIC ACID, [Ixptco; Saticyiic Grovp.] 


the 
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800 
SULPHO-SALTS, or SULPHUR-SALTS. fSaurei] : 
SULPHOSINAPIC ACID (C,H,NS,). Al ie Acid. 
An organic acid produced by the action of an alcoholic solution 
potash w) stilphocyanide of _ The potash salt of 
thua o ed; the acid itself has not been isolated. 
SULPHOSINAPISINE. [Srvartye.] 
SULPHOTOLUENIC ACID. [Tonvxnto Grovr.} 
SULPHOVINIC ACID. urie Acid (Erayt.] 
SULPHOVIRIDIC ACID. [Lxv1co.) 
SULPHOURETHANE. [Canrsaitrc Actp.] 
SULPHUR (S); commohly called Urimstone, is a solid elementary 
nioii-nietallic body, which has been known from the most remote 
antiquity. The former term is derived from sad salt, and wip fire; the 
latter brennestone or burnstone; both in allusion to its well-known 
perty of ready inflammability. It is met with in the pure state and in 
various fortis of combination: thus it is found combined with 
nittherous Lem _ in Pave pms quantity with i 0 fornsing a 
sulphide an ; copper, lead, antithony, &c., consti! 
doe pitasga obea bt these nietals; it is also found seageah consti 
with oxygen, forming sulphuric acid, which is generally united with an 
earthy base, a8 with lime, constituting sulphate of lime, or 
atid with baryta, Strontia, and magnesia, giving rise to the sul ) 
thosé bases. It occurs also, but in er quantity,—and Laer | 
meni tpg seesdiore geet etre Hn ve me 
liydrogen, the compound being sulphurett rogen gas, or hydro- 
sajtintie acid. Sulphur is a constituent of some aninial substances, 
alburiien, urine, &e. It is found also in certain plants; in the natu ‘ 
ordér Liliacee, as in garlic; Criciferw;as in mustard; and U ” 
as in Asafetida. L\iiagay 
The chief source of this element is native sulphur, the most remark- 


imported into this country. It occurs also in the fissures of lava near 
av. Hist. Drv.) 


Sulphur is separated from the grosser impurities by crude 


fil 


has different forms given to it according to 

called refined sulphur i8 that purified by distillation in a large 

still; and condensed in a receiver kept cool. When the vaporised 
sul ppb germs erlaly more pepe diyg ery 
and is called sublinied sulphur or flowers of 3 but as the walls of 
the chdmber get hot, the sulphur melts, collects on the floor, and is 
tuh off init en moulds, the product being roll or stick sulphur, 


The residue in the retort still contains sulphur, and, under, the 
of siilphur vivum or black sulphur, is occasionally used 
medicine arid for dressing mouldy hops. fh; : 
Preevi, sulphur or milk of sulphur, is a finely divided form of 
the element thrown down on adi a strong solution of | 
of calcium, sodium, or potassium to dilute hydrochloric acid ; sul 
acid is sometimes used instead of hydrochloric, sulphate of li 
thereby precipitated along with the sulphur, and the weight of the 
latter thus fraudulently increased. This adulteration may readily be 
detected on heating a little of the suspected specimen, when the 
sulphur beirg volatile will be expelled, and the sulphate, of lime left. 
behind, The mi also will at once detect the falsification, for 
the sulphur lias a fine granular appearance, while the gypsum is in 
Well defined crystals, seen “ 
Sulphur is sometimes prepared from iron pyrites (FeS,), by distil- 
lation. One third of the sulphur present in the ore is volatilised and 
condensed in the usual way, while magnetic pyrites (Fe,S,) ins in 
the retort. Sulphide of copper is also a source of sulphur, the latte: 
being a sort of bye-product, although an iniportant one, in the pre- 
litiinary roasting operations connected with copper smelting... | 
Sulphur has been referred to [ALLoTROPY] ds exii in 
three allotropic states, The first form (Sa) is that of an octo 
crystal with a rhombic base, and is the condition in which it occurs in 
ature. It is artificially obtairied in the same form, but more trans- 
parent on allowing its solution in chloride of sulphur or bisulphide of 
carbon to evaporate sporitaneously ; its specific gravity is 2°05, atid it 
fuses at 239° Fahr. The second form (Sg) occurs in y 
acicular crystals of dark yellow colour. To obtain it, a quantity of 
sulphur is nielted and slowly cooled; when the outer Ri pers: 
solidified, holes are made in the crust, and the still liquid sulph 
the interior is poured out ; on breaking open the shell its'inner 
will be found to contain the needles in question, They are. 
manent; but soon change into the light yellow semi-opaque s 
the acicular form is, however, still retained, altho: each, mi a 
congeries of ininute rhombic octohedra. Much heat is evolyed during 
the transformation. The third state (S,) is very » and is 
brought about as follows :—The fusing-point of sulphur is 239°, and 
between this and 280° it possesses the highest of fluidity: at- 
820° it begins to thicken, and at 405" in 90 sotioreny it will scarcely 
flow from an inverted vessel; from this to 600°, which is its, 
point, it again becomes liquid, but not so 80 as at 280°, 
now it be poured into water it becomes a wa peaty, Re 
readily receives and retains any form given to it, and rey gee by | 
in taking casts, Magnus has shown that this deepening in is 
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due to a fourth modification of sulphur, which is black ; it is formed 


ae ee the process of heating a quantity of sulphur 
to 600° Fabr., suddenly cooling in cold water. 

Sulphur is insoluble in water, but dissolves in alcohol, if both sub- 

are exposed to each other in the state of vapour: on the 
addition of water, the sulphur is precipitated. It is dissolved by boil- 
ing oil of turpentine ; the solution has a reddish-brown colour, and, 
on cooling, minute crystals of sulphur are deposited. It is readily 
taken up by chloride of sulphur, is soluble in about three times its 
ight of bisulphide of carbon; the elastic variety is, however, not so 
le. Sulphur is also soluble to a small extent in ether and in 
orm. 

Sulphur is a bad conductor of heat; itis very volatile, and when it 
is ru in the dark on a brick, or any other substance by which it is 
heated, though not sufficiently to inflame it, an extremely weak blue 
flame arises, exhaling a Seaatier odour; this flame is not, however, 
occasioned by combustion, it merely accompanies the evaporation of 
the sulphur, for a cold body held over it is coyered with flowers of 


specific gravity of the vapour of 
but at 1900° Fahr. itis 2-2. Its com- 


When heated in the air sul; quickly fire and burns with a 
pale blue flame, much heat. y 
The equivalent of ur is 16. 
Compounds of Sulphur and Oscygen are seven in number, namely ;— 
Sulphur Oxygen 
per cent. per cent. 
Sulphurousacid . . «80, 50°00 50°00 
rie acid . 50; 40-00 60°00 
Hyposu!phurous acid + 8,0, 66°66 33°34 
Hyposulphuric acid . 8,0; 44°45 55°55 
Trithionic acid 8,0, 54°55 45°45 
Tetrathionic acid =. = ss: 8,05 61°53 88°47 
Pentathionic acid « 8,0; 66°66 33°34 
i (80) Sul ankydride—This , in 
grees: 96 sew und in the bourhood of 


yoleanoes. It is artificially obtained in the pure state on heating 
about two parts of mercury with three of strong sulphuric acid :— 


Hg + 4(HO,80,) = HgO,,280, + 4HO + 280, 
aa ed Sas 
Mercury. Sulphuric Bisulpbate of Water. Sulphurous 
acid. mercury, acid, 
clippings may be i substituted for mercury, but 


ly contain matters that affect 
the purity of og e 
to 


is preferable itself, and is manufactured directly from 
sulphur, The latter ag in a furnace, and the sulphurous acid 
produced cooled by passing through earthenware tubes surrounded by 


by 
cold water. It is then made to ascend through a tall and wide wooden 
with pumice-stone that has been digested in hydro- 
ebloric acid and well washed. In 
with a stream of water, the flow of whi 


pressure 

to a colourless, transparent. 
Sul; acid gas has ing odour, being that 
experince whee weaibhat pie bummed; is tte foes aeaeae ‘ble and 
jee Grater at 60° Fahr, dimolves from 38 to 87 times ite 


to animals, rom. 
volume of this gas; by ing the solution it is evolved unaltered. 


utio’ ell of as itaelf; and, like it, has the 

ewe ~ " pak be Raf cc bp ccd substances : hence 

yapour of burning sulphur in whitening hops, 

: us acid gas weigh 68°8 grains ; 

Bee ee ee i ent. [GasEs, COLLECTION oF.) 
urous 


neous solution of acid, when exposed to o 
eee wie it, and the result is uric cold tes 
unless moisture be present, no combination takes between these 


nd 


epee combines ag verions bog to form nels, wieien 
are en, for example, gas is an 
ueous elton of seni they ” combine, pH vy resulting 

is in prismatic 


ais t is very soluble in water, ar benell boll tating 


solution ; by exposure to the air it attracts oxygen, and becomes 
sulphate of ammonia. When, however, dry sulphurous acid gas and 
dry ammoniacal gas are brought into contact, deep yellow-coloured 
crystals are formed, which have been termed sulphitammon, or im- 
properly sulfamide s they contain the elements of sulphurous acid and 
ammonia combined, but in a different mode to that which forms 
anhydrous sulphite of ammonia, By exposure to the air sulfamide 
becomes white, deliquesces, and gradually becomes sulphate and hypo- 
sulphate of ammonia. ’ 

The alkalies potash and soda, the alkaline earths, and several metallic 
oxides, may be combined with sulphurous acid, and they form sulphites ; 
but these compounds are not of much importance, except perhaps that 
of soda. [Soprum, sulphite of.] In contact with air they are slowly 
conyerted into sul, 

Sulphuric Acid (HO, SO,).—This acid has been long known, and is 
very extensively employed, 100,000 tons being annually consumed in 
Great Britain alone. When combined with water, in which state it is 
best known, it was originally, and still is frequently, called oil of 
vitriol: first, because it is an oily looking liquid; and secondly, on 
account of its being obtained from green vitriol, or copperas, now 
called sulphate of iron. 

The process just alluded to was first followed at Nordhausen in 

Germany, and the peculiar compound of sulphuric acid and water pro- 
duced by it is still called Nordhausen oil of vitriol, to distinguish it 
from common oil of vitriol, a different compound as regards the water 
which they contain, and obtained by a different process. We shall 
first describe the original process and product. 
__ Iron pyrites is a well known and yery abundant natural substance : 
it is correctly termed bisulphide of iron, and consists of two equivalents 
of sulphur and one equiyalent of iron. When certain varieties of this 
compound are exposed to air and moisture, both the sulphur and iron 
are oxidised at the expense of the oxygen of the air; and though 
sulphur by itself is incapable of undergoing this change, yet, when 
combined with iron, it acquires from the air sufficient oxygen to 
become sulphuric acid, and the iron attracts enough to become 
protoxide ; and these combining together, and with water, constitute 
the well-known crystalline body, hydrated sulphate of protoxide of 
iron, usually called, for brevity’s sake, merely sulphate of iron, and 
originally green vitriol. This consists of one equivalent of sulphuric 
acid, one of protoxide of iron, and seven equivalents of water. Sul- 
phuric acid consists of three equivalents of o: and one equivalent 
of sulphur. In order to procure the acid from it, the salt is mode- 
rately heated, so as to expel the greater part of the water: in this 
state it is put into earthen retorts, and subjected to a very high tempe- 
rature, during which there comes over and condenses in the receiver a 
dark-coloured dense fluid, which is the Nordhausen oil of vitriol; the 
cause of the colour has not been ascertained, but it appears to be an 
accidental and not a necessary accompaniment. This liquid emits a 
white vapour when exposed to the air, and hence it is called fuming 
sulphuric acid. It is composed of two equivalents of sulphuric acid 
and one equivalent of water (HO, 2S0,). 

Now it happens that anhydrous sulphuric acid is more volatile than 
that combined with water, so that when the above acid is heated in a 
retort, there first comes over and condenses in the receiver anhydrous 
onan acid, and there remains in the retort hydrated sulphuric 
We shall first and briefly state the properties of the anhydrous acid. 
It is a colourless crystalline solid, is tor and elastic, liquefies at 66°, 
and boils at a temperature between 104° and 122°, forming a trans- 

t vapour, provided no water is present; it unites with moisture 


paren 
f | when exposed to the air, and forms with it dense white fumes. It is 


epared as a matter of curiosity, but is hardly applied to 
apy use. ough called an acid, it in reality possesses no acid pro- 
perties, and may be moulded in the fingers, like wax, without injuring 
the skin. When thrown into water it hisses as red-hot iron would do, 
and then has the usual powerful properties of common hydrated 
sulphuric acid. 
¢ hydrated sulphuric acid, commonly called oil of vitriol, or simply 
sulphuric acid, is the compound which is so largely employed in nume- 
rous chemical operations and manufactures. It is, however, and has 
indeed for many years been, prepared in a much preferable mode to 
that described by the decomposition of sulphate of iron. The process 
consists in oxidising sulphurous acid through the agency of nitrous 
acid. 


First, nitrate of potash or soda is decomposed by the addition of 
suphune acid, in the same mode as that employed for preparing nitric 


Sulphur is then burned in a furnace so contrived that the current 
of air which supports the combustion conducts the gaseous products, 
including the nitric acid fumes and excess of air, into large leaden 
chambers, the bottoms of which are coyered to the depth of a few 
inches with water. The nitric acid of the nitre, composed of oxygen 
and nitrogen, is here decomposed, yields oxygen to a portion of the 
sulphurous acid formed by combustion, and converts it into sulphuric 
acid. The nitric acid, on losing oxygen, is converted into nitric oxide, 
which, by mixing with the air at the moment of its separation, com- 
bines with its oxygen, and gives rise to red nitrous acid vapour. The 
gaseous substances present in the leaden chambers are therefore 
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sulphurous and nitrous acids, atmospheric 
Now, when dry sulphurous acid gas and 
ther, no action occurs between them; but when a little moisture 
iz added, a white crystalline compound of sulphuric acid, hyponitrous 
acid, and water is formed ; and when this falls into the water of the 
chamber, or comes into contact with steam, which is for this p 
blown into the chamber, it is instantly decom ; 
is dissolved, and nitrous acid and nitric oxide gases escape with effer- 
vescence. The nitrous acid thus set free, as well as that reproduced 
by the nitric oxide uniting with the oxygen of the atmosphere, is again 
intermixed with sulphurous acid and moisture, and thus gives rise to 
a second portion of the — body, which undergoes the same 
change as the first; and this operation is re; 
the bottom of the lead-chambers is sufficiently acid to be removed for 
ulterior operations. The amount of nitric acid required in this ope- 
ration is of course exceedingly small, inasmuch as the nitric oxide 
contained in it is not Scanned. but acts only as a carrier of oxygen 
from the air to the sulphurous acid. Some nitric oxide is, however, 
conveyed out of the chambers by the escaping nitrogen of the air, and 
is in most works lost. A few manufacturers cause the escaping gases 
to pass over strong sulphuric acid that is trickling through a coke 
column, by which the nitric oxide is dissolved and subsequently 
recovered from the liquid by exposure to a stream of sulphurous acid 
in a second similar coke column, 

It thus appears that sulphur during combustion can combine only 
with sufficient oxygen to become sulphurous acid; but what’ is curious 
is, that sulphurous acid becomes sulphuric acid by taking oxygen. 
from nitrous acid, the nitric oxide of which appears nevertheless to 
have a stronger affinity for oxygen, since it can take that element 
rapidly from the air, which sulphurous acid cannot. The first attempt 
at Jaining the mode in which nitric acid acts in this operation was 
made by MM. Clement and Desormes: it was subsequently further 
explained by Davy and other chemists, 

Of late years also sulphuric acid has been made from iron pyrites, the 
sulphurous acid being formed by combustion, and converted into 
sulphuric by the agency of nitrous acid, in the mamner already 
described. : 

When the sulphuric acid in the chambers has acquired a density of 
about 1°6, it is drawn off and further concentrated in open leaden 
vessels by heat ; after this it is again removed either to glass or platina 
retorts, and heated till it has acquired a density of about 1°846. This 
is then the sulphuric acid, or oil of vitriol, of commerce, composed of 
on} equivalent of sulphuric acid and one equivalent of water (HO, 

0,). 
This acid is a limpid, inodorous, colourless fluid, of an oily con- 
sistence. It boils at about 620°, and distils over unchanged; the 
boiling-point diminishes with dilution: thus, when of specific gravity 
1°78 it boils at 435°, and when 1°65 only at 350°, the concentrated acid 
freezes at —15°, but when it contains two equivalents of water instead 
of only one, and has a specific gravity of 1°78, it freezes at —40°. 

Sulphuric acid is intensely caustic and acrid, and readily decomposes 
animal and vegetable fibre ; even when diluted to a very great extent 
it has an extremely sour taste, and turns vegetable blues strongly red : 
on the other hand, when concentrated, it turns turmeric-paper of a 
brownish colour, as the alkalies do; but the effect is not permanent, for 
it is removed by water. Its aflinity for water is very great, attracting 
it 80 spre f from the air that in moist weather three parts increase to 
four in 24 hours, and by longer exposure the quantity is increased. 
When suddenly mixed with water, much heat is evolved, and, on 
cooling, condensation is found to have taken place, the two fluids occu- 
pying less space than before mixture. When sulphuric acid is mixed 
in certain proportions with snow, heat is given out, or cold generated, 
according to the quantities employed: thus four parts of acid and one 
of snow evolve heat, but four of snow and one of acid occasion cold. 

Sulphuric acid is employed for a vast number of purposes: thus, on 
account of its great chemical power, it is used for the purpose of sepa- 
rating other acids from bases, as in preparing nitric, hydrochloric, 
acetic, phosphoric, and carbonic acids, &c. It is also used in preparing 
sulphates, a class of salts we shall presently again refer to. Perhaps 
the greatest consumption of sulphuric acid is in the decomposition of 
salt at alkali works where carbonate of soda is manufactured. 

The strength of sulphuric acid is readily ascertained by taking its 
specific gravity and referring to such a table as the following, con- 
structed by U 


re :— 


Specific 80, in Percentage Specific 80, in Percentage 
gravity, 100 parts. of HO, SO,. gravity. 100 parts, of HO, SO,. 
1°8460 81°54 100 16415 60°34 74 
18415 79°90 98 1°6204 58°71 72 
1°8366 78°28 96 15975 57°08 70 
18288 76°65 94 15760 (55°45 68 
18181 75°02 92 1°5503 53°82 66 
18070 73°39 © 90 15280 52°18 64 
17901 71°75 88 15066 50°55 62 
1°7728 70°12 86 14860 48°92 60 
17540 68°49 84 14660 47:29 58 
17315 66°86 82 1°4460 45°66 56 
17080 65°23 80 1°4265 44°03 54 
1°6860 63°60 78 14073 42°40 52- 
1°6624 61°97 76 13884 40°77 50 


£04 
air, and watery vapour.|  ° Specific SO,in Percentage Specific SO,in Percentage 
nitrous acid gas are mixed gravity, 100 parts. of HO, 80,, gravity, 100 parts. of HO, 80,. 
1°3697 39°14 48 11549 17°94 23 
13530 37°51 46 11410 16°31 20 
13345 35°88 44 11246 14°68 18 
1°3165 34°25 42 11090 13°05 16 
: . 1/2999 32°61 40 10953 ll‘41 4 
» the sulphuric scid 1-2826 30°98 38 1-0809 9:78 12 
1°2654 29°35 36 1°0682 815 10 
1/2490 27°72 34 10544 652 8 
12334 26°09 32 1°0405 4°39 6 
1°2184 24°46 80 1°0268 3°26 4 
1/2032 22°83 28 T0140 1°63 2 
ted until the water at 1'1876 21°20 26 10074 0-815 1 
1°1706 19°57 24 


The salts which sulphuric acid forms with various bases are termed 
sulphates, sesqui-sulphates, or bi-sulphates, &c., according to cireum- 
stances. They are a very important class of saline bodies, and those of 
most use will be found described under their respective bases. With 
sulphuric anhydride, dry ammoniacal gas forms large transparent 
crystals, containing NH,,SO,, and termed sulphatammon; by long 
boiling with water, it is converted into sulphate of ammonia 
shyt the binary theory of the constitution of salts, sulphates 

ccording to the binary theory of the constitution o 8 8 
are not combinations of the basic oxide and sulphuric acid, but of a 
hypothetical body, sulphion (SO,), with the metal, or radical, of the 
base: thus, sulphate of soda (NaO,SO,) is sulphionide of sodium 
(Na, SO,), and sulphuric acid (H,S8O,) sulphionide of hydrogen. 
There are, however, several objections to this view of the constitution 
of sulphates, 5 

Sulphuric acid in its concentrated state, and at common tempe- 
ratures, acts only slightly, if at all, on the metals; but when they are 
heated together, the acid is generally decomposed, sulphurous acid and 
a sulphate of metallic oxide being produced: thus, when copper is 
heated in concentrated sulphuric acid, the acid yields one of its three 
equivalents of oxygen to the copper, which becomes protoxide ; while 
the sulphur combined with two equivalents of oxygen is given off in 
the state of sulphurous acid; and this, as already indicated, is one of 
the best methods of procuring sulphurous acid. When, on the other 
hand, sulphuric acid is diluted, it has no action, even when heated, on 
copper ; but on zine, iron, and such other metals as readily decompose 
water, it acts with great readiness: the metal, being oxidised by thé — 
oxygen of the decomposed water, is dissolved by the acid, while the 
hydrogen of the water is given out in the gaseous state; by this 
operation, then, we procure a metallic sulphate and hydrogen gas, 

Sulphuric acid and all sulphates are pen ee by the salts of 
baryta and of lead, minute quantities either of acid or soluble salts 
being rendered evident by the formation of a dense white precipitate 
either of sulphate of baryta or lead ; 116°5 parts of the former or 115°6 
parts of the latter sulphate, when dry, indicate 40 parts of anhydrous 
sulphuric acid. a 

Commercial sulphuric acid generally contains sulphate of lead derived 
from the vessels used in its manufacture; it is nearly all ipitate 
as a white powder on diluting the acid with water. It frequently also 
contains traces of arsenic derived from the pyrites; in this case, 
sulphuretted hydrogen gives a yellow precipitate when passed _— 
the diluted acid, or the contamination may be detected by "8 
test. Small quantities of nitric and sulphurous acids are also + 
present in common sulphuric acid. If required to be’ purified and 
concentrated, it is boiled and distilled. As lead would melt at the 
heat here employed, and as most other common substances would be 
corroded, platinum is often employed as a material for the still, ata 
heavy expense. Glass is another material employed for sulphuric acid 
stills. When the acid has been condensed to a specific gravity nearly 
double that of water, it is ready for sale, id, a 

Hyposulphurous Acid (HO,S,0,). Dithionous acid. In 1817 Dr.» 
Thomson i the existence of an acid of sulphur in the salts called 
sulphuretted sulphites ; this acid and its compounds have been particu- 
larly examined by Sir John Herschel, , 

Hyposulphurous acid has not been obtained in a separate state, but 
its composition has been determined to be in accordance with the 
above formula, : 


sulphites are 
ur takes 
olved in 


oxide of iron formed, they constitute h phite . 

Most of the salts containing hyposulphurous acid, or the hyposul- 
phites, are unimportant; the acid undergoes decomposition when they 
are strongly heated or acted upon by an acid. 9 
_ Hyposulphite of soda (NaO, 8,0, +5 Aq.), in solution, is largely used 
in photography to “fix,” or render permanently unalterable the photo- _ 
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graphic picture. This it does by dissolying the aqueously insoluble 
silver salts, with which it forms double compounds having an intensely 
phite of sodais made by dissolving sulphur in 
, NaO,SO,+S becoming NaO, §,0,. 
rie Acid (HOS,O,). Dithionie Acid. This acid was dis- 
covered in 1819 by Gay-Lussac and Welter. It is prepared by sus- 
pending finely- binoxide of manganese in water, and i 
sulphurous acid gas into the mixture: if this be not kept cold, sul- 
phurie acid is formed; but otherwise the oxide of manganese is dis- 
solved and hyposulphate of its protoxide formed : to the filtered solu- 
tion sulphide of barium is to be added, by which suiphide of manganese 
is precipitated, and hyposulphate of baryta remains in solution : when 


the proper quantity of sulphuric acid is added to this, sulphate of 
baryta is ipi and the hyposulphuric acid is liberated, the 
filtered solution of which is to be evaporated in vacuo over sulphuric 


acid till it acquires a density of 1-347: if it be carried further than 
this, it is decomposed into sulphurous acid, which escapes, and sul- 
phuric acid, which remains dissolved. 

This acid has not been obtained free from water: the aqueous 
solution is sour, inodorous, and reddens vegetable blues: if heated to 
212°, it is decomposed into sulphurous and sulphuric acids; and when 
exposed to the air, it slowly absorbs oxygen ; and becomes sulphuric 
acid, Unlike sulphuric acid, it forms soluble compounds with lime, 
baryta, strontia, and oxide of lead; but, like diluted sulphuric acid, it 
acts upon and dissolves zinc, with the evolution of hydrogen gas, and a 
solution of hyposulphate of zinc is formed ; its salts are decomposed at 
temperature, yielding ian acid and sulphates remaining. 

‘ulphuretted hyposulphuric acid, As a 


tion gives a black ipitate with subnitrate, and a 
itrate of From. ‘ 


barium and tetrathionate of et bw ng latter may be purified by 
recrystallisation, and the acid li by the cautious addition of 
sulphuric acid. It is somewhat unstable. 

entathionic acid (HO,S,0,). Trisulphuretted hyposulphuric acid. 
When sulphurous and hydrosulphuric acids come into contact, the 


following mposition occurs :— 
580, + 5HS = HO,S,0, + 5S; + 4HO 
—_—— — —— © _— — 
Sulpb Hyd 1 P hioni Sulph Water. 
acid. phuric acid. acid, 


Pentathionic acid is very unstable. Its baryta compound may be 
obtained in silky scales, 
ic acid or chloride of sulphuryl (SO,Cl). A colourless 
liquid of pungent odour and powerful eye-irritating properties, formed 
on bringing together dry sulphurous acid and chlorine gases in bright 
sunlight. It is volatile without decomposition, but water instantly 
breaks it up. It does not appear to combine with bases. 
ke ic acid (HO,8O,NO,). If nitric oxide (NO,) be passed 
through a cold solution of sulphite of ammonia containing excess 
of ammonia (NH,O,SO,NO,) 


of ammonia, white crystals of nitrosulphate 
are i Other nitrosulphates may be formed, but are very 
unstable, and the acid cannot be liberated from them. 


Sulphazotised acids, discovered by hag es with potash, but not 
with soda, a remarkable series of salts. are derived from basic 
nitrite of potash, sulphurous acid and water, as indicated in the follow- 
ing equations :— 
ofpotash . . . . 8KO,8,NH,0,,4 
from 3KO, NO, +380, +3HO. 
Sulphazate of potash . . . « « 8KO,S,NH,0,, 
from 3KO, NO, +480, +3HO, 
Sul ofpotash . . . . 8KO,8,;NH,0,, 
from 3KO, NO, +550, +3HO. 
Sulphammonate of potash . . 
from 4KO, NO,+8S0,+3HO. 


Nitrogen and Sulphur. [Nirrocey.] 
Hydrogen and Sulphur combine in two 
sulphuric acid (HS), frequently called s: 


. 4KO, 8,NH,054 


ions, forming hydio- 
hydrogen, and per- 


sul of hydrogen (HS, ?). 
ydrosulphuric acid, formerly known by the name of hepatic gas, 
exists in sulphurous waters, such as those of Harrowgate. It may be 


formed, to a certain extent, by heating or subliming sulphur in hydro- 
gen Tt is usually prodited by ths action of hydrochloric acid on 
of antimony, or by acting upon protosuifphide of iron with 

ic acid : in the former case the hydrogen of the hydro- 
‘unites with the sulphur of the sulphide, chloride of anti- 
mon per. also pod on ble latter, vow ye Ber 
i y' to sulphur and oxygen to the , W 5 
er hasten the acid, constitutes sulphate of iron, As 


it is difficult to com! the whole of any given quantity of iron 


with sulphur, the uncombined portion yields a little free h: 

with the hydrosulphuric acid; but this, S most cases, is of oon 
sequence, Although hydrosulphuric acid is soluble in one-fourth its 
bulk of water, yet the gas may for most purposes be received by dis- 
placement in vessels filled with that liquid. 

Hydrosulphuric acid is colourless, and gaseous at common tempera- 
tures and pressures: it has a peculiarly nauseous and fetid odour,” 
resembling that of putrid eggs; its taste is also extremely disagreeable. 
Its specific gravity is about 1192. 100 cubic inches weigh about 38 
grains. It is composed of one equivalent of hydrogen and one equiva- 
lent of sulphur, as indicated in the above formula. It reddens moist 
litmus-paper, but not strongly, and is soluble in about one-third of its 
bulk of water. At a temperature of 50°, and under a pressure of about 
17 atmospheres, it is rendered a limpid liquid, of specific gravity about 
0-9; this does not congeal till cooled down to 122° Fahr. It is ex- 
tremely poisonous to animals: air containing 1-1500th of its bulk 
immediately killed a bird, and 1-1000th a middle-sized dog. When 
mixed and detonated with oxygen gas, the results are water and sul- 
phurous acid. 

The aqueous solution of hydrosulphuric acid is employed as a test 
of metals, and, more especially, for the discovery of minute portions of 
lead, with which it gives a dark-coloured precipitate of sulphide of 
lead: with the salts of antimony it gives an orange precipitate, and 
with arsenious acid a yellow one. 

Hydrosulphuriec acid forms salts which are termed hydrosulphates, 
and these are probably formed when it is combined with ammonia, 
potash, soda, and the alkaline earths ; but by metallic oxides, properly 
so called, it is decomposed, the results not being hydrosulphates of 
metallic oxides, but water and a metallic sulphide: this is the case 
with oxide of lead, silver, &c. 

Persulphide of Hydrogen (HS,?). This compound cannot be formed 
‘by direct combination. To prepare it, equal weights of sulphur and 
recently slaked lime may be boiled in three times their weight of 
water for half an hour. The result is a deep reddish-yellow coloured 
solution of persulphide of calcium, which, when clear and cold, is to 
be added to an excess of hydrochloric acid diluted with about twice 
its weight of water: by their mutual action sulphur is precipitated, 
accompanied by a yellow oil-like fluid, which is the persulphide of 
hydrogen. It is a viscid liquid, of a yellow colour, and of specific 
gravity about 1°77 ; its smell is similar to, but not so powerful as that 
of hydrosulphuric acid; its elements are held together by a feeble 
affinity, so that even in the cold it is gradually converted into hydro- 
sulphuric acid and sulphur, and this change is immediately produced 
at 212°. 

Chlorine and Sulphur appear to form two compounds, the chloride 
and di-chloride. According to Dumas, when sulphur is acted upon by 
excess of chlorine, a neutral chloride is obtained, which consists of one 
equivalent of chlorine and one equivalent of sulphur (SCl). 

It usually contains somre di-chloride, from which it is to be purified 
by repeated distillation at about 140° Fahr. 

It may be formed either by heating sulphur in excess of dry chlorine 
gas, or, at common temperatures, by passing excess of chlorine through 
a tube containing powdered sulphur. 

Chloride of sulphur is liquid, has a reddish-brown tint, and a density 
of 1°62; that of its vapour being about 3°7. Its boiling-point is 147°. 

Di-ehloride of Sulphur (8,Cl).—This substance was first obtained by 
Dr. Thomson. When chlorine gas is passed over powdered sulphur, 
gently heated, it gradually disappears, and the di-chloride is formed by 
direct combination: the liquor obtained is to be distilled, and then 
possesses the following properties :—It is liquid, and is red by reflected, 
and yellowish-green by transmitted light : it emits acrid fumes when 
ex to the air; its density is 1°628, that of its vapour being 4°7 ; 
it is volatile below 200°, and boils at 280°. Dry litmus-paper is not 
altered by it. It is energetically decomposed by and decomposes 
water, the results being hydrochloric and hyposulphurous acids, It 
does not combine with alkalies. 

Sulphur and Bromine. [BRoMIne.] 

Carbon and Sulphur—These form by direct action bi-sulphide of 
carbon (CS,) or sulphocarbonic acid. 

It may be obtained either by passing the vapour of sulphur over 
charcoal heated to redness in a porcelain tube, or distilling a mixture 
of bi-sulphide of iron and one-sixth of its weight of charcoal. _ It may 
be condensed by being passed into cold water, and to free it from 
uncombined sulphur and moisture it should be rectified from chloride 
of calcium at a low temperature. 

It is a colourless transparent liquid, of density 1:272, that of its 
vapour being 2°447; it has an acrid pungent taste, and a very fetid 
odour ; its refractive power is very high; it is insoluble in water, but 
combines with alcohol and ether, from which water precipitates it; it 
is extremely volatile, boils at 118°5°, and is not rendered solid at 
the lowest obtainable temperature: owing to its great volatility, it 
produces sufficient cold under the exhausted receiver of the air-pump 
to freeze mercury : it is extremely inflammable, the results of its com- 
bustion being carbonic and sulphurous acid gases, attended with a 
brilliant greenish-white flame. 1 combines with metallic sulphides to 
form a class of sulphur salts termed sulpho-carbonates ; for example, 
sulpho-carbonate of potassium (KS,CS,). 

It isa remarkable circumstance that so volatile a liquid should be 
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SULPHUR TRADE. 


uced by the combination of two solid bodies, It was discovered 
y Lampadius in 1796. 

Phosphorus and Sulphur. [PHospuorvs.] 

Jodine and Sulphur. (Ioprxe.] 

Selenium and Sulphur, [Seventve.] 

Boron and Sulphur. [Bonoy.] 

Sulphur Salts.—These are certain double sulphides, so designated by 
Berzelius ; the electro-negative sulphides constituting sdphur acids ; 
and the electro-positive sulphides, adphur bases. Among the sulphur 
acids are the sulphides of arsenic, antimony, tellurium, tin, &c,; and 
in this class are also included sulphuretted hydrogen, bisulphide of 
carbon, and selenium and sulphoeyanogen ; the sulphur bases include 
the protosulphides of the metals of the alkalies and alkaline earths, 

Compounds formed by the union of sulphur acidswith sulphur bases 
are the sulphur salts, 

The close chemical analogy between sulphur and oxygen is further 
seen on considering the constitution and properties of the following 
compounds of the two elements. 


©O,. . CS, | KO,AsO, . _. KS, AsS, 
KO . Ks | KO, AsO, . KS, AsS, 

KO, CO, . Ks,C8, | FeO™. . Fes 

AsO, Foe Fe,O, . + Fe,8, 

AsO, . . . Ass; F,0, (magnetic). Fe,8, (magnetic) 


SULPHUR (in medicine) is an elementary principle which occurs in 
great abundance in the mineral, sparingly in the vegetable, and still 
more sparingly in the animal kingdom, In the vicinity of volennons 
sulphurous fumes issue copiously from the ground, and many mine: 
waters owe their peculiar odours and much of their yirtues to 
sulphurous impregnations. Plants which contain it have often an 
offensive smell, to which most probably it contributes, constituting the 
allyl oils, such as asafwtida, garlic, and mustard, in which last it 
occurs as a constituent of myronic acid,a portion of which probably 
attaches to the volatile oil of mustard, the odour of which is stronger 
and more offensive than that of garlic and asafcetida combined. In 
animals it occurs in conjunction with albumen, and hence white of egg 
blackens silyer egg-spoons. 

For medical purposes, it should be as pure as possible, but in the 

two forms in which it occurs it is seldom perfectly free from admixture, 
Sublimed sulphur (flowers of sulphur) generally contains some 
sulphurous acid, which renders it slightly pungent ; and precipitated 
sulphur, or milk of sulphur, mostly contains sulphate of lime. Of the 
two forms, precipitated sulphur, owing to the extremely fine state of 
subdivision in which it exists, is in equal quantities more powerful 
than the sublimed when freed from the large portion of sulphate of 
lime. 
Sulphur is insoluble in water, very sparingly in alcohol, but soluble 
in oils, both fixed, such as linseed, and yolatile, such as turpentine ; 
with the former of which it forms the balsamum sulphuris simplex, 
with the latter the balsamum sulphuris terebinthinatum. 

Though devoid of any marked sensible qualities, sulphur acts as a 
stimulant to the living tissues. Applied to the sound skin, it seems to 
have no effect upon it, but placed in contact with an uleerated surface, 
it irritates and excites an inflammatory action. Large doses, such as a 
pound, given to horses, prove fatal by producing violent inflammation, 
recognisable during life by the symptoms, and after death by the 
morbid ap ces. These may not have been due entirely to the 
sulphur,, but to the tersulphide of arsenie (orpiment) with which 
sulphur is often contaminated. Hence the increased ess and 
sensibility of parts affected with cutaneous eruptions when sulphur is 
applied to them. It is clear therefore that it is by exciting to new 
action the unhealthy structures that it effects a cure of these diseases, 
and not by causing a repulsion or transfer of it to some other quarter, 
though this not unfrequently follows the too rapid healing of such 
complaints, if they haye been spread over a large surface. Taken 
internally, sulphur gives rise to two distinct orders of effect ; the one, 
its action on the intestinal canal ; the other, upon the system generally. 
Small doses, if they do not increase the digestive power, at least do not 
disturb it; but larger cause a disagreeable sensation in the epigastric 
region, followed by alvine dejections, which are generally gentle, and 
without colic or griping. When it causes alyine evacuations, it does 
not produce marked general effects; but when given in small doses, 
with a sufficient interval between each to favour its absorption, its 
general action is commonly yery apparent, The pulse becomes more 
frequent, the animal heat and perspiration are increased, and the 
presence of sulphur may be recognised in all the excretions of the body, 
or a transudation of it in the form of hydrosulphuric acid (sulphu- 
retted hydrogen). In this way silver worn in the pocket of a person 

phur becomes blackened. 

The long-continued use of it gives rise to still more obvious 
stimulant effects. General excitement of the system takes place, 
increased arterial action leads to hwmorrhages, &c., accompanied by 
restlessness, sleeplessness, and thirst. The appearance of these 
pg vig should point out the propriety of suspending its further use 
tall they can be removed by antipblogistic means, 

Sulphur should not be used for very plethorie individuals, or those 
inclined to high vascular action, till those states have been lessened by 
diet and other means. 


“Internally sulphur has been given in chronic catarrhs and humid 
coughs, as well as in some of the forms of asthma, From the power 
which sulphur undoubtedly over mucous membranes, 
especially the bronchial, it is often serviceable; but in the asthmatic 
affections complicated with organic disease of the heart or great vessels, 
nothing can be more hurtful. 

In chronic rheumatism sulphur, from its diaphoretic properties, is 
of much utility either alone or with antimonials. In those forms of 
dysentery which may be regarded qs rheumatism of the intesti : 
sulphur is perhaps the best aperient in combination wi! 
ipecacuanha, It is also beneficial in those forms of paralysis which 
have resulted from rheumatism. It is stated to effect a cure of inter- 
mittenta; and considering its power of rousing the vascular ge tad 
its subsequent diaphoretie action, it may be used in those cases whe 
arsenic fails and quinine is too expensive. 

Sulphur is given as a laxative in hemorrhoids, stricture of the 
rectum, and habitual constipation. For these cases it is usually com- 
bined with bi-tartrate of potash, or magnesia, or electuary of senna. 
A small quantity of the compound cinnamon-powder, or aromatic con- 
fection, is a valuable addition, as it lessens any tendency to griping, — 
and also restrains the disposition to the disengagement of sulphuretted _ 
hydrogen gas, which is often a distressing co: uence of the use of 
sulphur. The dose yaries much in different individuals, but in al 
cases it \should be ample, as an inefficient quantity is most prone to 
generate flatus. Persons of a sedentary habit, afflicted with con- 
stipation, find this combination of unspeakable service, as, unlike many 
others, it is not followed by greater constipation than before, but 
the bowels moderately open for a considerablg time, It is one of tl 
most appropriate medicines for children or pregnant females. Ter 

Sulphur is generally given internally at the same time that it is 
used externally for the cure of cutaneous diseases. For one of 
(scabies) it is regarded as almost a specific. Sulphur ointment is th 
form generally employed for this disease. It should never be appl 
to more than a fourth part of the body at one time. The compound 
sulphur ointment is more powerful, but requires still more caution in 
its employment from the veretrine it contains. In workhouse Fane 
the preferable mode of employing sulphur is by uniting it with soft- 
soap, which not only does not stain and grease the clothes, but ass 
in cleansing them as well as the patients when washed. Besides, the 
potash of the soap aids the curé. Many cutaneous diseases are more 
readily cured by a combination of sulphur with potash than by either 
singly. This .nconhinsiat, called Potassit piphardemy of pa 
sulphur, may be applied in various ways, parti ly in , forming 
artificial Harrowgate-water. The natural waters of Harrowgate, 
Moffat, and other sulphurous springs, owe their peculiarities to it. 

Sulphur in combination with iodine, forming iodide of sulphur, 
when made into an ointment with a large TRAE of lard or cerate, is 
a valuable agent in some cutaneous diseases. Sulphur sprinkled over 
the leaves of the,vine is almost a certain preventive of the oidium 
Tuckeri or vine scourge. It is useftl also for hops. See‘ Gardeners’ 
Chronicle, March 30, 1861, p. 293, nor is it powerless against the 
potato disease. See ‘ Gardeners’ Chronicle,’ March 16, 1861, p. 241. 

Sulphur in a state of combustion evolves sulphurous acid gas. 
This is sometimes employed as a fumigation in some obstinate cuta- 
neous affections, especially psoriasis inveterata, which often continues 
about the joints, especially the elbow, when it has been cured in every 
other part. The employment of this requires caution, and on no 
account must the face be exposed to it, as it is irrespirable. bf 

SULPHUR TRADE. Sulphur exists in Sicily, Iceland, Teneriffe, 
St. Vincent's, and some other places; but the expense of obtaining it 
from most of those countries is so great, that Sicily is almost the only 
source of supply. From that country England and France take more 
than 90 per cent. of the whole quantity exported. The average con- 
sumption of England in the five years, from 1820 to 1824, was 7080 
tons. In 1825 the duty was reduced from 15/. to 10s. a ton, and in the 
following ten years the annual consumption averaged 15,140 tons; in 
1837 it amounted to 37,486 tons. The Sicilian sulphur-mines are the 
property of individuals, and several English firms settled in Sicily are 
re) in the trade, In 1836 M. Taix, a Frenchman, laid before the 
Sicilian government a project for establishing a coi which was to 
have the exclusive right during ten years of purchasing Sicilian sulphur 
at fixed prices, on condition of spending 10,0001, a year in constructing 
roads, and exporting one-third of the quantity produced in Sicilian 
vessels. The British merchants becoming alarmed, the Sicilian m- 
ment, in reply to the British ambassador, stated that no such project 
would be adopted. It would haye been in direct contravention to certain 
commercial treaties between the two governments. The Bictlen airen 
ment did, however, enter into a contract with M. Taix; and on the 4th 
of July, 1838, notice was given at Palermo that the monopoly would 
come into operation on the Ist of August ensuing. The negotiations 
respecting this monopoly were conducted with great secresy, and it 
came into operation so suddenly that twenty-four yessels lost their 
cargoes. The British lessees of mines, and all others, were com) ) 
to produce only a fixed quantity of sulphur; prices rose from 6/. 10s, 
or 71, to 131. and 14/, per ton, and contracts could not be completed, 
At length the British government took very decided steps to put an 
end to a monopoly established in the face of commercial treaties : the 
coasts of Sicily and Naples were blockaded by our ships of war; and 
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the Sicilian government, no longer daring to uphold the monopoly, 
the mediation of the king of the Trig vine erage 
i with the British government. The monopoly was abolished in 
July, 1840, and a mixed English and Sicilian commission was appointed 
in November to investigate the claims of British subjects whose inte- 
rests had been injured by it. The claims amounted to 65,6101, of 
which 21,307/. was awarded ; and as it was stipulated that the awards 
should bear interest at the rate of 6 per cent. so long as they remained 
unsettled, the Sicilian government agreed, in January, 1842, to pay 
them without any . The sulphur trade was thereupon placed on 
the same footing as the date of the contract with M. Taix. 

A of the Times newspaper, while noting and recording 
the exploits of Garibaldi in Sicily in 1860, turned aside to visit the 
principal sulphur district, and to give an account of the present mode 
of eet, the trade. The chief mines are at Villarosa, Santa 
and Terra di Faleo. The sulphur lies imbedded in tufa, gyp- 
sum, or limestone, mostly at the sides of mountains. Sometimes the 


to be conducted in the open air; but as this 


i 
F 
E 
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_ side plain being! oy plastered 
over. sulphur-stone is in ers on the open space, 
very hig and is well covered with the rubbish 
tings. Fire is applied through a small 

then closed up; and the stone burns for about three 
ible. When the whole of 
stone has become liquefied, the hole is tapped, and 
runs out into troughs; this liquid cools to a 
dirty according to its quality. The price of the 
obtained is greatly increased by the difficulty of transport. 
road from the mines suitable for vehicles. Mules carry 
nearest town, whence it is conveyed in two-horse 


to 

RATION, or SULPHURING, is the process of bleaching 

give whiteness to silk and woollens by exposing them to 
burning sulphur. For this process a detached chamber, 


may be dried. 
By this operation the silk becomes perfectly white, and is rendered fit 
for subsequent operations. Woollen cloths are treated nearly in the 
same manner. Straw hats and bonnets are also sulphured. 

Se tay HYDROGEN, (Scrruvr, 

SULPHURIC ACID, oueaye. 

SULPHURIC ACID, Medical beetles of. This, which is 

regarded as the most potent of the mineral acids, is never taken 


disorganisation of the tissues 

obvious from the black and 
charred state of the parts. This effect it is thought to produce from 
ace, Sher led water, depriving the tissues of its elements, and 
leaving the carbon free. This peculiarity distinguishes poisoning by it 
from the other mineral acids. Notwithstanding the extensive destruc- 
tion of important such as the stomach, immediate death rarely 
results from it, but the patient lingers sometimes for days, and in 
some cases ultimately reevvers. 

Sulphuric acid is sometimes in an undiluted state as a 
caustic ication to the bites of rabid animals, or to destroy warts or 
portions of the eyelids in entropium and ectropium. 

In a considerably diluted state, if it be applied to the skin, it 


similar series of actions takes place when received in a diluted form 
into the stomach, by bearing these phenomena in mind it is possible to 
explain its therapeutic influence in many of the cases where it is 


internally in a diluted but still state, it makes a 
impression on the stomach, followed by an instantaneous 
chill of the whole system ; hence its power in checking 


sympathetic 
hemorrhage long before oR gear can be received into the circula- 


inflammatory diseases when the animal temperature is too high. In 
the transient diseases of the skin attended with much heat 


and itching, a solution of sulphate of magnesia, with an addition of 
dilute sulplturic acid, quickly relieves them. It has also been given at 
a late stage of typhus in some mild diluent, such.as barley-water. In 
combination with cinchona, it is of decided utility in purpura hemor- 
rhagica, Nothing save oxide of zinc so certainly checks the colliquative 
sweats which attend hectic fever as the compound infusion of roses, 
In chronic diarrhoea and dysentery it is also sometimes of service. 
pre mare gs pe ee restrained by its use. In some forms 
of dyspepsia it is a valuable tonic, and may be longer persevered with 
than any other minéral acid except pHosphorie: Th Waisitots diseases 
with a phosphatic diathesis, it is much to bé comimended, from the 
length of @ it can be used. In such cases it is best given in 
infusion of camomile made with cold water. It is employed largely 
diluted as a gargle in the sore-throat of scarlet fever. Many cases of 
cutaneous diseases have been cured by the internal use of sulphuric 
acid. The aromatic sulphuric acid, called elixir of vitriol, has more 
tonic properties than the simple acid. A few drops of it, ten or 
twelve, in a cup of cold water, relievé very certainly the squeamishness 
of the stomach which is felt in the morning after an excess of wine. 
Tn case of poisoning by sulphurie acid, lime-water, calcined magnesia, 
or plaster from the wall, or a solution of soap, should instantly be 
given. 

The unguentum aeidi sulphurici is a most effectual application in 
obstinate cases of itch. It chars the linen. 

SULPHURIC ETHER. [Ernyt.] 

SULPHUROUS ACID. [Suteaur.] . . 

SULTA’N, an Arabic word meaning “a despotic ruler, or a mai 
who is the arbiter of the life and property of 4 set of men.”~ It is the 
usual title of royalty among the Arabs aid Turks. From sultén the 
Italians have e their soldano, and the Spaniards have their sulldn. 
tab eas wife of a sultin, who fas children by him, is called by us 
asultana ; 

SUM. (in the sense of integral). Before the otganisation of the 
formal integral calculus, ihe isolated operations of integration which 
were attained were expressed in words’ borrowed apparently from the 
notion of indivisibles. [Cavaxiert, in Broc. Div.] Thus the title of 
one of Halley’s papers is ‘An Easy Demonstration of the Analogy of 
the Logarithmic Tangents to the Meridian Line or Sum of the Secants.’ 
Here the sum of the secants means what we should now denote by 


Si sec x.dx. 


SUM AND DIFFERENCE. There is no need to define the 
arithmetical meaning of these terms: a few words | are necessary 
to put them in their proper position in algebra. When quantities 
receive their proper algebraical signs, an signs their interpreta- 
tions [ALcEBRA; Sten; &c,], they are said to,be added to a quantity 
when they are allowed to produce their effect, atid subtracted when 
they are allowed to produce a contrary effect. And when quantities 
are put together so that each produces its simple effect, they are said 
to be added together; while any parcel which is either withdrawn, or 
compensated by others of and opposite effects, is said to be sub- 
tracted. We are not here di i rinciples, but settling terms ; 
and it is enough if the notions eremiand to them be proper founda- 
tions for clear and good deduction; and an additional advantage if 
common ideas and received phraseology be also suited, provided that ~ 
nothing be assumed from such ideas and phraseology to the prejudice 
of the dependence of the deduction upon the prescribed definitions. 

To form a just idea of the property of any person, we take tle sums 
which he owes away from his assets; that is, we take away, not his 
debts, but sums out of his assets equal to his debts. ‘To say that this 
is taking away his debts would not be correct; for taking away his 
debts would be merely destroying his liabilities, without making his 
assets answerable: a person who himself pays another’s debts takes 
them away. A court of justice which decides a claim against the 
assets of any one, annexes or puts on a liability; and this is in algebra 
adding : if the decision should be reversed on appeal, this liability to 
pay is removed, and this is in algebra subtracting. In the phrase “ to 
gain a logs,” the word “ gain” is used in the preceding sense of simple 
adjunction : if it were as common to talk of losing a loss, the verb to 
lose would be used in the sense of to remove or to get rid of: the 
other form of the word would be less of a bull, for to loose a loss would 
be to detach it. In a third form, the idiom is still plainer; to release 
[from] a loss would be precisely the idea of algebra, answering to sub- 


tracting a_loss. 

SUM, SUMMATION. In the articles Iyrecration, Finite, and 
PROGRESSION, some ideas and rules are given upon the subject of the 
summation, of a finite number of terms of a series; and in SEeRtEs 
will be found examples of the inverse process of development. In the 
present article we are to give some account of the methods of actual 
summation which are in use in the higher branches of mathematics; 
referring for the demonstrations to the Differential Calculus in the 
‘ Library of Useful Knowledge’ (cited by the letters D. C.). We shall 
dwell upon this at greater Jpogth than would appear to be altogether 
in keeping with the extent of the articles above cited; the reason being 
that many persons to whom the following rules may be practically 
useful never hear of them because they are locked up in Treatises on 
the Differential Calculus, or in works which are not generally read. 
The merest elements of differentiation and integration are enough to 
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enable a beginner to use results the proof of which must be reserved 
for a more advanced of his progress. 

1. When the terms of a series are alternately positive and negative, 
as ina, — @, + a, — &e., the sum of the series ad infinitum may thus 
be expressed (Dirrenence] (D. C., pp. 656-560) :— 


Gy _ Ao BX _ Alt |. 

oom GE hae Te teceee 
which is frequently more convergent than the series itself ; in fact, the 
less convergent the series is, the more convergent is the transformation. 
Dr Hutton's method of obtaining the transformed series is as follows : 
—Take a number of the successive sums a,, a, — @,, &c., and let 


8 = 0,5, = dy, 8, = % — 4,,8, = @y— 4, + a, Ke 


Take the half sum of s, and 5,, the half sum of s, and s,, the half sum 
of s,and s,,&c, Let these be 7), 17,,7,,&¢e. Repeat the process: 
take the mean of 1, and 1,, that of 1, and 7,, &., which call v,, 
u,,&c. Take the mean of v, and v,, that of u, and U,, &e., which 
call Vo» ¥,,&e. Then the set 8,7), Ups Vo, &c., will severally approach 
nearer and nearer to the series required; in fact 


Aa a Ad, 
Tae Dee 


It would however be somewhat easier to proceed as follows :—having 
formed differences as far as may be thought n » Bay up to 
A*a,, take half A*a, from A*—a,, half the result from A" 4, 
half the result from A*-%a, and so on until a, has been used : after 
which halve the result again. In either case we need not begin at the 
beginning of the series: if it be more convenient to begin after a,, let 
Ajo = My — @, +.+.+—@, + G5, and calculate this separately: then 
calculate a,, —@,, +.... from the rule, and we have A,.— (4, — 

. +...) for the series required. The following is an instance from Dr. 
Hatton ( Tracts,’ vol. i., p. 191), the series being 1—4+4—}+.... 


Sums. 


a, hes") 
>= 2? Uy = s 


The several orders of means, 


688095 
607024 
690080 
695635 
691090 
694878 


692560 
693552 
692858 
693362 
692984 


693056 
693205 
693110 
693175 


693131 
693158 
693142 


693144 
693150 693147 


736544 
653211 


The result is 693147, which is correct to the sixth at pea and is 

more than could be got from the series itself by actual summation 

of a million of its terms. Dr. Hutton begins in forming the means 

with 1— 4+....+}: we shall therefore try the other method, 

beginning with }. 
Terms. 


142857 
7125000 


Orders of differences. 


Ne ge 
17857 3968 
18889 ¢. 

2778 
11111 2020 
9091 


7576 2516 


2)—179 


895 
432 
2)521°5 


260°8 
—1190 


9)—-1450°8 

— 725-4 
3968 

2)4963-4 

3 2346-7 
—17857 


2)—20203°7 


—10101°9 
142857 


2)1529589 
76479°5 


This last process will be found on trial the easier of the two, 
2. The sum of the series a, — a, + a, — &e. ad infinitum may be 
thus expressed (D. C., p. 555) :— 


1190 
758 
505 


+ 
432 


953 «179 


“090909 
083333 


1-34... —} = 6166666 
0764795 


“6931461 


Sigs eg Noe 
2-4 + a — i909 + S064 — & 


formation is useful when the values just mentioned 
siderable. Another form, which is sometimes more convenient, is— 


%o 


2> 4 * 8) — ae aie _. 
where [m] means 1,2,3.....m. In the instance before us, and that 


we may begin from the same term as before, let 
1 1 1 
Oe = 7 at 0 = Ft = Gy be 
1 ; {3} [Bla 7 
My = — FRr Mo” = — FG "= — FH Oo = zh 
whence the series required from and after } is— 
Ded oo) A En eee 
lit £72 — 2457 + 2.6.7 — 2.8.78" Jee 
Call these terms (1), (2), &., and begin with 4 +... —3, or 616666....: 
we have then— +o 7 
+6166666667 ~ 
(1) *0714285714 
*6880952381 
(2) 0051020408 
-6981972789 he 
(3) "0000520616 
*6931452173 
(4) 0000021250 
*6931473423 
(5) "0000001843 
"6931471580 whe 
True Answer °*6931471806 , * 


The result of this comparatively easy process is as correct as the 
summation of fifty millions of terms of the series. Rsk: 
_ 8, The sum of any large number of terms of a series may be found 
by summing the whole series ad injinitum, then doing the same with — 
the terms following the last term which is to be retained, and sub-— 
tracting the second result from the first. : 

4, The sums of such series as are included under 1—* 4+ 2-* 4- 3-* + 
&c,, such as i 
Riga Minto | 

1+ G+ 5 +---,1+ 3 + gt de. | 
continued "ad infinitum, may be given for reference in the following 
table. The first term will presently be explained. More will be © 
found in D. C., p. 554. es 


Sum of Series. 
*5772156649015829 + log oo + 
1°6449340668482264 Wis 
1-2020569031595943 ah 
1°0823232337111382 } 
1:0369277551433700 
1°0173430619844491_ 
1-0083492773819227 
1:0040773561979443 
1:0020083928260822 
1:0009945751278180 \ 
1°0004941886041194 
1°0002460865533080 


CONIGAMAWNHS 


that number, which being removed, the rest of the expression 
approximates as the number of terms increases, to 577215.... 00 


5. The series 1-" — 2-"4 ... is connected with 1*42"+4.,. by 
the following simple law ;— ae 
1 
oe (1- =i) (1-*42-"48-"4 ...) 


6. The sum a) + a, +a, +.. 


. ad infinitum may be thus trans. 
formed ;— 2 — 


a,” ta? 


4 1 ss 1 1 ay 
J eter 5% 5) + 3 Ty 7 B fe + & 


; 1d : 
where the notation is as previously explained, and §, 35, &e., are the | 


series of Numbers or Bernovttt. To apply this, for example, t 


: 


913 . SUM, SUMMATION. 


formed (D. C., p. 266) :— 
7 1 1 a,’—«a, 
oh aedie— 5 (a.—%)+ | ~ Q 
1 a,” —a," . A ast—a. 1 aM —at 
so 4) +2 (6). ~ 30° fy). Tt 
in which the detached coefficients are again the numbers of Bernoulli. 
Or, if the sum of the series ad infinitum be known, 8, the preceding 
may be expressed as follows :— 
' 1 a,’ 1 a," 


- 1 
_ -% se -a + ke. 
sf ade 2%+¢6 2 — 307] 


But when the complete series is divergent, the set of terms 
@, +4, +... +g, may be thus expressed :— 


1 bn 
ot J ade — gut 


62.7 
where ¢ must be determined by 


&e., 


an instance. Thus if we make 

a,=(1+z)— we have for 1+2-' +... +~! the following series :— 
11 Sevy Siew 38 

e+log* (1+2)— 5 [pz — 12 Atay * 120 (+2) 


Add («+1)~ to both sides, and write z—1 for 2, which gives for 
'+...te0= 


— ke. 


1 1 hase 
ct+logz+ 55 - jaa + T2008 — 


To determine ¢, choose such a number for x as shall make this series 
Saree, say z=10. Calculate 1+... +10-', term by term, 
which is easily done, and equate the sum to 

1 1 1 
© +2°302585093 + 30 — 1200 + {200000 — 


which gives c="5772156 ..., the number mentioned at the head of 

the for series of inverse powers given. With the value 
of c thus determined, and a sufficient table of logarithms, the larger 
the number of terms in 1—' + ... +2~, the more easily is its approxi- 
mate value calculated. , : : 

8. The series log 1 + log 2+... + log x is of sufficient importance 
to have an article to . Make a, = log (1+<), and as in 
the last example, which will give for log (1.2.3... x) the following 

- 1 1 


1 
c+logr.2—-z+ 5 log “+ jaz - Soom +°°° 


¢ might be determined as before, but a particular mode of investigation 
shows it to be log (4/2m), where w=3'14159..., as usual. This gives 


1 1 
1.2.3...e=/282 2. ett ite — moss FO 


A. oin—1) (0 —2)aF™ 


Sead ta tae ee ee. 
but this vanishes when z=0, whence c must be taken accordingly in 
every instance. To take an example which shall require a little 


extensi series terms above, let it be required 
to magia. 0 OT tokin at ar ates Kowsans pee 
NOULLI, we find a supply of coefficients in 
Tye hu Bo De Bae 6k 
6 30 2 30-66 2730° 
and the sum required is 
eo wz 1 7x4 1 7.6.52 1 7.6.5.4.32° 
meta +e a — 3 2.3.4 * 2 28.4.5.6 
7.6.5.4.8.2.1 
2.3.4.5.6.7.87 
* The Naperian logarithm, which 


gations, unless the contrary be expressed, 
ARTS AND SCI. DIV. VOL, VII. 


always used in mathematical inyesti- 
It is 2°302585093 x comm, log. 
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1-7 42-243-?+..., it will be convenient to begin from some term which yanishes when z=0, whence 
which will make the series more convergent. Let a, =(10+)-?: we Y 726.5.4:3.9.1 
have then for 10-? + 14-7 +... . the following :-— parse: I EO a 

“yale pe See ae Te. yp = PO Rabah i Male act 

to + 2ie@ * ¢ io — Hie + Biv — * and the rest may be reduced to 
which ‘may be easily calcujated, and the preliminary series 1—'+ ... eet RRS Baa eee 
+9-2 may then be added. ; eee * Ta oe) Tae 

7. The finite series a, (a, +a,+.-. +@,—1 (x terms) is thus trans- +e (BuS 4 1927 + Ld:cS — Tat + Qu8) = 24, 


SUMACH, or SWAMP SUMACH (Rhus Towicodendron), a North 
American shrub, ing peculiar properties, from which it has 
been named also the Trailing Poison Oak: The leaves, which are 
trifoliate, thin, shining when fresh, of a dark-green colour, are the only 
parts officinal in this country. But the leaves, branches, and flowers 
contain a milky juice which blackens on exposure to the air, and may 
be used as an indelible ink when applied to cotton or linen, Besides 
this very acrid milk, the plant, when not exposed to the sun’s rays, by 
growing in the shade, or during the night, exhales a hydrocarburetted 
gas, which acts very potently on persons of a peculiar susceptibility, 
when exposed to it. In two or three days after touching or being 
very near the plant, the skin inflames and swells, being attended with 
intense burning pain. If the face be affected, the eyelids are so tume- 
fied as to close up the eyes; and the whole head is swelled and covered 
with little blisters containing serum. Occasionally the whole body is 
enormously swollen and covered with similar vesicles. When the 
inflammation and swelling have subsided, the skin desquamates, and 
an intolerable itching is felt for several days afterwards. © These 
symptoms closely resemble erysipelas, and are moderated by treatment 
suited to that complaint. Professor Barlow states that the best appli- 
cation is a weak aqueous solution of bichloride of mercury. All 
persons however should avoid touching any sumach which has milky 
juice. 

The leaves, or an extract of the inspissated juice of this plant, have 
been recommended in several diseases, particularly herpes, paralysis, 
and consumption. It is little used in this country, but it appears 
entitled to some confidence in local paralysis, such as that of the jaw. 
It must be given with caution, as large doses act like narcotico-acrid 


poisons. 

SUMBUL, written also Sunbul, is a generic term applied to many 
fragrant roots, one or more of which have been already noticed under 
SPIKENARD. What is now to be noticed is a root recently introduced 
into medical practice, of which there are two, perhaps three varieties, 
the source of none of which is accurately known, though conjectured 
to be the produce of some umbelliferous plant, to which the name of 
Angelica moschata has been given. One is designated Russian sumbul, 
another, Indian sumbul; while a third is called Cathayan sumbul, 
which perhaps scarcely differs from the first kind, which is said to 
reach Moscow through Kiachta, the same channel as the Russian 
rhubarb. The Russian is the most powerful in odour, which is more 
or less musky. The taste is bitter and slightly acrid. The analysis 
shows it to contain a volatile oil, two balsamic resins, one soluble in 
ether, the other in alcohol, with wax, starch, &c., and a peculiar acid 
termed sumbulic. It yields its properties to alcohol or ether; it is 
also given in powder, watery infusion, decoction, or extract. The 
balsamic resins and oil impart a stimulating power to it, which renders 
it useful as an antispasmodic, and it is especially available in hysterical 
affections ; and like other medicines of the same class, it would appear 
to be sedative, as it calms nervous restlessness and procures sleep. It 
has also been recommended in dropsy and atrophy. 

SUMBULIC ACID, [Ancenic Acrp.] 

SUMMARY CONVICTION. [Law, Crorat.] 

SUMMARY JURISDICTION. [Justices or tue Peace.) 

SUMMER. [Wryter, &c.] 

SUN (Latin, sol ; Greek, fAtos, Helios). In the present article we 
confine ourselves to the astronomical characters of the sun’s orbit, and 
to what we*know of its physical constitution. For more particulars on 
the measurement of time, see Time; on chronology as dependent on 
this body, and on the more common characters of its motion, see YEAR, 
See also Moon; Seasons; Astronomy; Zopiac (on mythology) ; 
ZopracaL Licut; Twiticut; &c. : 

It is needless to say that if the utility of the subject of an article 
were to determine its length, the one we are now commencing ought 
in justice to occupy several volumes of the work: were we, however, 
seriously to mete out the importance of the sun in columns of a 
Cyclopedia, our egyric would not be more quaint than that of Sir 
John Hill, who says that this luminary is “ enough to stamp a value on 
the science to which the study of it belongs.” In relation to astronomy 
this is particularly true; for it would be possible to preserve life on 
the earth, and to keep order, without any knowledge of the moon, 
planets, or stars; but to do this without any acquaintance with the 
sun’s motions would be absolutely impossible. The source of light and 
heat, and through them of the alternations of the vegetable world, is, 
in the highest secondary sense, the giver and sustainer of life ; but this 

importance ensures names to so many results of solar phenomena, 
that the present article is stripped of details, by their entering more 
appropriately into others. : ‘ 
N 


915 SUN. 


The motions of the sun are in fact those of the earth, written in the 
heavens. If the diurnal motion of the earth were stopped, the sun 
would appear to move slowly among the stars, from west to east, at 
the rate of about twice its own diameter in twenty-four hours by the 
clock. ‘This [Mot1ox] is the consequence of the orbital motion of the 
earth, which is communicated in appearance to the sun. If the earth's 
orbital motion were stopped, the diurnal motion continuing as usual, 
the sun would appear to move round daily, from east to west, as at 
present; but since there would then be no motion of that body among 
the stars, those stars which are at any one time hidden by the daylight 
would always be hidden, and the face of the heavens at any given hour 
éf night would be the same at all times of the year. The e of the 
orbital motion of the earth combined with the diurnal motion is that 
the solar day, or the interval between two meridian of the 
sun, is a little longer than the sidereal day (about four minutes), or 
than the actual revolution of the earth; so that all the stars have their 


turn, and every star in the course of the year comes on the meridian 
at every period of the natural or solar day. (Syxopre; el 
The great phenomena of day and night are attended with very 


different circumstances in different parts of the globe. We are not 
speaking now of the high polar regions, north and south, in which the 
sun never sets for days together, but of those parts of the earth in 
which there is actual a ce and disappearance of the luminary, or 
real day and night, Let us take the day of tho vernal equinox asa 
specimen, when the sun is in the equator (we presume in our reader 4 
knowledge of the terms and notions in Spaere, Doorrine OF THE). 
Tf we take one fixed line to represent the horizon of different places, as 
BAO, the sun will rise to a place on the equator so as to move along 
the circle p a x, and to conie directly up from the horizon; while at a 
place near the pole it will move, relatively to the horizon (still Ba ©), 
along the circle FAG. Now the first evidence which the sun gives of 


p A yy 


¥ . 
b 

its approach is this (the diagram, though of yery distorted dimensions, 
may be of use): before it has risen above the horizon of a place, so as 
to be visible, it can throw its rays into the atmosphere above the place, 


which atmosphere reflects something both of light and heat to the 
itself. This period is called the twilight, and it is said that there 
is more or less of twilight as long as the sun is not more than 15° 
below the horizon; though certainly the twilight which saves candle- 
light does not last so long. But be the number of degrees which are 
allowed to twilight more or less, it is obvious that at the equator, 
where the whole of the sun's way is made directly to or from the 
horizon, the intermediate period of twilight must be much shorter 
than at a place near the pole, where the motion towards the horizon is 
very oblique, instead of being all ascent, as before ry oy descent, as 
after setting. The consequence is well known: in tropics, the 
warning is short, and soon after the light begins to break the sun 
makes its appearance, and it is broad and hot day; while after the 
the light as soon disappears, and it is dark night. With us, on 
the contrary, and still more in hi northern latitudes, there is a 
long warning of the approach of the luminary before the sunrise, and a 
long remembrance of it after sunset. In all climates the transition 
from day to night is broken by the two circumstances mentioned in 
Seasons. In the same article it is pointed out that the heat received 
during the winter and summer halves of the year is the same over the 
wTieedistely’ albte ise, the form of the luminary appears 
m sunrise, o some- 
what elliptic, the horizontal diameter being longer than the vertical 
one. This is the effect of Rerracriox, which varies so rapidly near 
the horizon that the upper end of the vertical diameter is less elevated 
than the lower end by a sensible quantity, while the two ends of the 
horizontal diameter are equally Savane, The same phenomenon 
hap up a earthen rising at a full, and would also be seen 
in planeta, were large enough in appearance, It must also 
be noted that both sun and moon appear when near the horizon; 
but this, as to the sun, is delusion, since measured with instru- 
ments its t diameter is the same at all parte of the day, It is 
true that bodies, when in the zenith, are nearer to the spectator 


than when in the horizon, by what may be called without error a semi- 
diameter of the earth ; the moon is near enough to show the effect of 
this in instrumental measurements of its diameter, but it is not so 
pa wa Reding 46 i know of the physical f th 
fore looking at what we know of hysical appearances of the 
sun, tts distance from the earth must be EAetondd, to which we may 
add at once the other elements of its orbit, Its equatorial horizontal 
PARALLAX, at its mean distance, is 8"°5776, oad te apparent semi- 
diameter 16’ 0’-9, It is then distant from the earth by 24,000 
semidiameters of the earth, or about 95,000,000 miles. Its diameter 
is 111) times as 
miles; and its b 
But its mass, as d 


be mentioned, of its having a luminiferous atmosphere of considerable 
extent, be well founded, the real body ch 
density as the earth, or more, It revolves on its axis in 254 of our 
mean solar days; according to Delambre, in 25-01154 days: the axis 
being inclined to the ecliptic at an angle of 825°. a 
The ecliptic is the circle in which the sun appears to moye, in 
cranny language. In ee eee the earth does not move 
rouns sun in a true e, it does so very nearly, | 
centre of gravity of the earth and moon (a point near the earth) does” 4 
much more nearly describe a plane; that is, a 5 situated at that — 
point would more nearly see the sun move ina circle than we | 
do. But to us, the sun is sometimes on one side and sometimes on the 
other of this mean ecliptic, and therefore generally has some 
though a very small one: the column entitled “ the Sun’s latitude” 
‘The Nautical Almanac’ is a puzzle to those readers whose 
is drawn from the usual elementary wae 3 in truth, it is only a — 
crosses twice in- 


a 
But the cause of this diminution of the scipti es eases 
theory of gravitation; and it is also known that, under existing 
it cannot be permanent, but must diminish in quantity and 
turn into an increase before its effect has amounted to many 
Persons acquainted with the phenomena of the heavens, but not 
the results of the theory of gravitation, remembering the fact of 
tropical productions being found buried in high latit sometimes. 
imagine that they can look back to the time when the poles were so — 
near ape ene ee these ae latitudes were within the 
tropics. is, ever, is a pure fancy, and they had better imagine 
Serial Ustios | ths ans Goa lack eb pel) na ie f 
The mean longitude of the sun, at Greenwich mean noon on the Ist 
of January of the year 1800+ ¢, may be determined from 


280° 58’ 3275 + 27""605844t + *0001221805°—14’ 47”-083 7, 


where f is the remainder of ¢ divided by 4, or 4 if the remainder be 0; 
that is, the number of years after the Julian leap-year, or after the — 
Gregorian leap-year for all years aiter 1804, The mean motion in 
longitude in a mean solar day is 59’ 8"-33, 
The excentricity of sun’s orbit is ‘016783568 egings 
Laplace, 01685318), or the greatest and least distances of the sun from 
the earth are in the ion of 1°017 to ‘983, or as 80 to 29, or more 
nearly as 91 to 88 The uation of the centre } 
1° 5S 27"-8, ‘The exeentricity diminishes 


was present, 
circumstances,” 


pearance 
pores, which, when attentively boat Be i 
state of change. There is nothing represents 80 
appearance as the slow subsidence of some flocculent 


> 


SUN. SUNDAY. ois 


cipitates in a transparent fluid, when viewed perpendicularly from Relative Relati 
above ; so faithfully, indeed, that it is hardly possible not to be Number of Spots Number of Bpots 
impressed with the idea of a luminous medium intermixed, but not Year. Visible, Year. Visible, 
confounded, with a transparent and unluminous atmosphere, either 1763. . . 87°4 Maximum. NEVE Pre ee 
floating, as clouds in our air, or pervading it in vast sheets and columns W764... B45 1818, 3 «1a 
like flame, or the streamers of our northern lights.” The mind is lost| 1785.» 23:0 181d... 20-0 
<3 der at the idea of such a body of I aterial; but it is ae oe eae ae Minimum, 1815. , + 350 
important to remember that living, as we must, under an atmosphere, iyeks bts thee IRS as 
we cannot positively assert anything as to what may take place beyond 1769... . 85°7 Maximum Wis. 4 k- 6 ier : 
it, It 3 though not very probable, that we should neither 1770. |. 794 : Mai@. sk 2a Rock 
feel ” of light nor heat, if we could meet the sun’s rays before Wal. 5 788 1820, , . 89 
ve entered air. 772, » » 49°2 1821. 4 » 43 
bar eee circumstance which is noticed ‘on the sun’s disc is the N78 ? + 39°8 15335) ce Pe 
existence of black spots, by the regular motion of which the rotation A014'5. gp BED 1823 , 1:3 Minimum. 
of the body on its saath Be been determined. These spots are of 1775 , + 27°5 Minimum, 1824,  . , 67 
various irregular gape, sud are always surrounded by a border or id 4 ee ee + ee ae 
5 grt the spot, 7 fifa Mage eae, 178... 948 1827). | 89-9 
bond twentieth part of the sun in diameter. In 1779. . |, 08 Maximum, 18288... 525 
__ their neigh Bo ee let ee onesere? srenbe nee ere 1780... 726 1829, 5. 58:5 
luminous than called facule, streaks 7st. . + 6T7 | 1830. + + 591 Maximum. 
begin their The themselves alter in size, and 1788. =. «882 WSShig <n 4 BRR 
a Cg thee IR nl ie sotlipag tl aca apg Vit eee Po | 1832. ° » 225 
weeks ; the borders approaching each other in a manner which calcu- 1784. . + 44 Minimum, 1883. . » 75 Minimum, 
lation shows must answer to hundreds of milesa day. Various theories 1785. , —, 183 PT es rade | hs | 
have been agreeing to account for shen, Bes none which has any ae teed re He 5 ee ae 
Tsb1), eae ot al 8 . Leone Phil. he Ly. eb Ws Maximum. | ee ee “111-0 Maximuin, 
and depth than that of the earth ; and that above this atmosphere, or 1790.  . 1758 ti. WorK, saa 
else mixed with the higher strata of it, is another atmosphere of self- oe Ms ea: agenges 
; 1 I W7Ol. . 4 462 iy eee rae 
luminous clouds, of very variable depth, sometimes showing the lower {sega oo BE 1841... 4 207. 
' atmosphere uncovered, which last reflects the light of the himinous 1793. 5 =. 207 1842.4 0, 4g 19:5 
Ses uly Shells lobd bece ter Do on the yoked cyan of the body of ayes op. SERS 1843, . . 86 Minimum. 
sun itself, some commotion which remoyes both atmo- 179%. , s 18S 144. 0», 130 
greater portion of them ; round spot 1796. Tees es | ASTD oes -o . 33°0 
neve fang gyins in tiga of te cee. a tii 4 a te 
; . a, ae imum, 1847... 794 
Dose appara fhe ‘ny aie ro theuminonsssepore | HRS 0 Sg | ARS | «AB atm 
ha pine Fan of the light of different 0. . . 10" 849, .  , 056 
parts Ue pun, Herechel Chong tat the nouminonn atmonphere | ane”, <a al. cate 
reflects a little less than one-half the light it receives from the luminous 1803... 50°0 1852... 522 
: eee see bre onal body pte aun less tn qe feae. He also 1894... 70°0 Maximum, 1833... 37-7 
supposed spots other disturbances indicated a 1805. . . 50°0 1854, . . 1992 
large formation of ans en the sun, and was a prognostic of hot 1806, =, . 800 | 1855... GY 
weather and fine seasons, he imagined he had verified by such 1807. sy 10°0 1856, . . 42 Minimum, 
comparisons as existed of the state of the sun at different times with the fei, t faa sees. RD: 8 Che 
cory of whest immediately following: be found Spat so fe 28 bie dete pid Aa St ieee) 0 Bon 
‘went givesa warning as to their insufficienc: ice 0 ES) Bos, 6. 4 ee me fi 
wheat always rose wines de sun was without spots, and ell aita tes cen ee ii 
wee to reappear, We have not heard 1 $y extensive attempt to| A telescope of six inches aperture has been recently fitted up by the 
verify or refute this ; but so far as hypothesis of the two | Royal Sogiety, at the Kew Observatory, under the superintendence of 
atmospheres one of high probability ; we could | Mr, De la Rue, for the purpose of taking daily photographie delineations 


living beings, perpetually illuminated | of a series of such records. 


make its ine by ty it be correct, the sun may very | success, and important results may be expected from the comparison 
or igor hs the lower atmosphere preventing too much | The origin of the heat and light of the sun is one of the most obscure 


is it is 
ask for a likely result of such a combination which does not | of the sun’s surface. The experiment has been attended with complete 
its 


from reaching them. points of astronomy. The most recent speculations on the subject 
important result connected with modern researches on the | are due to Professor William Thomson of Glasgow, who supposes a zone 
solar spots is due to Schwabe, a German astronomer, who, by per- | of meteors to circulate around the sun, within the orbit of Mereury, and 
sun on every day that he was visible between | to be falling gradually upon his surface in consequence of the resistance 
discovered that the number visible on | offered to them by the solar atmosphere. According to this theory, 
of is subject to a periodic variation, | the solar light and heat are generated by the mechanical impact of the 
cycle of its values in successive intervals of about | meteors on the sun’s surface. The existence of a solar atmosphere may 
eleven M. Lamont, Director of the obser- | be considered to be agiaplinhed beyond all doubt by the corona seen 
way st Munich, discovered that the diurnal variation of*the magnetic | during total eclipses of the sun, and by the fact, that the red pro- 
is subject to a corresponding period of equal duration. The | minences seen on such occasions have been observed in several instances 
researches of Schwabe haye been confirmed by Mr. i and | to be isolated from the moon’s limb. That these prominences are 
other recent observers of the solar spots. Professor Wolf of Zurich, | solar and not lunar phenomena has been satisfactorily proved by the 
haying carefully compared all the recorded observations of the spots, | numerous observations of the total eclipse of 1860, and more especially 
discovered unequivocal evidence of the existence of a law in | by the admirable photographs of the phenomenon taken by Mr. De la 
tea of their appearance on the solar disc. The duration of | Kue with the Kew photo-heliograph at Miranda del Ebro, [Sonar 
the period, as might be expected from the imperfect nature of the | Ecripse.] 

observations, is found Wolf to be subject to considerable SUN, ECLIPSES OF. [Sotar Eorrpse.] 
irregularities, but on whole, the observations plainly indicate »| SUNDAY, the first day of the week, [Werrt.] Besides the name 
f nearly the same num of spots | of “ Sunday ” (dies solis), it was called by the early Christians * the 
yisible on the in the course of a year, The following ,con- | Lord's day” (fj quépa H Kupiaxh, dics d, » or simply supicuch, 
structed by Professor Wolf from the recorded obseryations of the | dominica) from its being the day on which the resurrection of Christ 
spots, exhibits the relative number of spots visible during each of the | took place; and it was kept sacred in commemoration of that event. 
Inst 112 years :— (Sansaru.] The mode of lane it appears to have varied with the 
circumstances of the Christians, In the first ages it is very improbable 


brea 24 baa uae that they abstained entirely from worldly business, as the time of 

rte et es Spots as —_— se many of them was not at their own command, They seem, however, 

1749 63'8 o-! 1756 &6 Minimum, | 2 {47 a8 it was practicable, to haye devoted the day to religious 

17605. . G82 Maximum, | 1967... 804 worship, Far this purpose they were aecuatomed to assemble before 

pi Tb ey Wied eee daybreak ; and we may infer from passages in the Acts, Epistles, and 

17985 y . 838 1769, . =. 48°6 in Pliny’s celebrated ‘ Letter to Trajan,’ that singing hymns, reading 

178635 3) » $91 1760. . . 489 the Scriptures, prayer, preaching, and the celebration of the Lord’s 
1754. +» o 388 1761. . «» 75°0 Maximum, supper, fo parts of these services, ; "3 

11554 + + Minimum, | 1762. « . 50°6 e have a few notices of the mode of keeping the Sunday during 


SUNDAY. 


$19 


———— 


the first three centuries, As early as the end of the second century, 
abstinence from worldly business seems to have been customary. 
(Tertullian, ‘De Orat.’, c, 23.) It was accounted a day of rejoicing, a 
feast and nota fast, and to fast upon this day was deemed unlawful. 
Upon it the Christians prayed standing, instead of kneeling, to intimate 
the elevation of their ho through their Lord's resurrection. The 
public worship of the Christians on the Sunday in the first two 
centuries is described by Justin Martyr (‘ Apolog.’), whose account is 
eae interesting, and by Tertullian (‘Apolog.’, c, 39; compare 
Zuseb., ‘ Hist. Ecc.’ iii. 3, and iv, 23). 

As soon as the Christian religion came to be recognised y the state, 
laws were enacted for the observance of the Sunday; Constantine 
(in 821) ordered the suspension of all proceedings in the courts of law, 
except the manumission of slaves, and of all other business except 
agricultural labour, which was allowed in cases of necessity (‘Cod. 
Justin’, iii,, tit, 12, §2, 3; ‘Cod. Theodos.’, viii, tit. 8, § 1, 8); and,as 


Eusebius tells us (‘ Vit. Const.,’ iv., 18, 19, 20), he forbade all_ 


military exercises on Sunday. The laws of Constantine were repeated 
by subsequent emperors, with additions, of which one of the most 
important is that of Theodosius II. (in 425), by which the games and 
theatrical exhibitions were forbidden on Sunday. (‘ Cod. Theodos.’ 
xv., tit. 7,§ 1,5.) The most strict of these laws is that of Leo and 
Anthemius. (460, ‘Cod. Justin.’, iii, tit. 12, § 8.) It should be 
observed that the provisions of most of these laws extend to all the 
principal sacred days observed by the Church. 

In all Christian communities the Sunday has been observed with 
more or less strictness, the degrees of which seem to depend on thre’ 
different views which are held respecting its character. Some regard 
all the provisions of the fourth commandment as extending to it, 
admitting however an exception in the case of “works of necessity 
and mercy;” others agree with these in abstaining from worldly 
business and amusements, because they think that only thus can the 
mind be fitted for the religious services which are observed on this 
day ; while others, viewing it as a day of rejoicing, a Christian festival, 
devote a part of the day to religious worship, and ‘the remainder to 
recreation. ‘To these views ought to be added'a fourth, which, though 
never adopted, we believe, by any church, has been the opinion of 
many eminent theologians, namely, that there is no divine authority 
for making a distinction between Sunday and other days. The whole 
subject has been fully examined by Dr. Hessey in his ‘Bampton 
Lecture—Sunday, its Origin, History, and Present Obligations, 1860. 

SUNDAY, the first day of the week, a day kept holy by Christians. 
The common law is silent as to the observance of Sunday, and it seems 
once to have been the practice not only to exercise worldly callings on 
that day, but also especially to devote some part of it at least to sports 
and pastimes, such as now prevail in continental countries, both 
Protestant and Roman Catholic. This practice continued till some 
time after the Reformation. Plays are said to have been performed on 
Sundays at the court of Elizabeth, and even of Charles I. The first 
restriction that appears among the printed statutes is by the 27 Hen. 
VL., c. 5, which enacts that all fairs and markets held on Sundays shall 
cease (the four Sundays in harvest excepted), on pain of the forfeiture 
of the goods exposed for sale. Immediately after the Reformation in 
England the legislature regulated the observance of Sunday. The first 
statute relative to the subject, the 5 & 6 Ed. VI., c. 3, recites that 
there is not any certain time, or definite number of days, prescribed in 
Scripture to be kept as holy-days, but the appointment of them is left 
to the Church, to be assigned in every country by the discretion of the 
rulers and the ministers thereof. The statute proceeds to enact that 
certain days mentioned, such as Christmas Day, Good Friday, &c., and 
all Sundays in the year, shall be kept holy-days ; but it provides that 
in harvest, or any other time when necessity shall require, any kind of 
work may be done upon those days. No penalty is attached to the 
infringement of this Act. It is said to have been drawn up under the 
inspection of Cranmer. By the 1 Eliz., c. 2, all persons having no 
lawful or reasonable excuse to be absent, are to resort to their accus- 
tomed parish church or chapel on Sundays, or to forfeit twelve pence, 
which was recoverable before justices. The party so offending is also 
made amenable to ecclesiastical censure, but is only liable jto one 
errs be it ecclesiastical or civil. Soon after this time the 

uritans and other strict religionists attained political influence. 
Entertaining a greater predilection for the history and economy of the 
Jews, as contained in the Old Testament, than had hitherto been 
exhibited in the Christian world, they began to style Sunday, a term 
which they thought profane, as derived from Saxon idolatry, the 
“ Sabbath,” or “The Lord’s Day,’ names which are not used in the 
statutes previous to that period. In accordance with this mode of 
thinking, they seem to have been of opinion that the Christian Sunday 
ought to be observed in the same manner as the Jewish Sabbath. It was 
with a view to counteract such opinions, that, in 1618, James I. wrote 
his ‘ Book of Sports, in which he declares that dancing, archery, leap- 
ing, vaulting, May-games, Whitsun-ales, and morris-dances were lawful, 
and that no such honest mirth or recreation should be forbidden to his 
subjects on Sundays after evening service. The ‘ Book of Sports’ was 
re-published by Charles I. in 1638, (5 * Harleian Miscellany,’ 75.) ‘The 
Puritans, however, becoming the stronger party, their opinions pre- 
vailed, and there followed a rapid succession of enactments in er- 
ance of them, But the most important statute on the subject is 


— 


SUNDIAL. 

29 Chas. II., c. 7, which enacts (sect. 1) that no -tradesman, artificer, 
workman, labourer, or other person whatsoever, shall do or exercise 
any worldly labour or business or work of their ordi callings on 
the Lord's day (works of necessity and charity only excepted) ; and it 
prohibits the sale and hawking of wares and Sect. 2 prohibits 
drovers, horse-coursers, waggoners, butchers, lers, and their servants 
from travelling, and the use of boats, wherries, lighters, or barges, 
except on extraordinary occasions, By sect.3 the dressing of meat in 
families, the dressing and selling it in inns, cook-shops, or victualling. 
houses, and crying milk before nine and after four, are exce from 
the operation of the Act. By sect. 6 persons are prohibited from 
serving or executing any process, warrant, &c. (except in cases of 
treason, felony, or breach of the peace),on the Lord’s day ; the service, 
&c., is made void, and the person serving it is made liable to damages, 
as if he had acted without any writ, &c. . 

By the 10 & 11 Will. IIL, c, 24, mackerel ‘are permitted to be sold 
before and after divine service on Sundays, and forty watermen are 
allowed to ply between Vauxhall and Limehouse. The 21 Geo. IIL, 
c, 49, enacts that no house, &c., shall open for any public entertainment 
or amusement, or for publicly debating on any subject on Sundays. 

The 7 & 8 Geo. IIL, c. 75, repeals that part of 29 Chas. Il. which 
relates to travelling by water. By 34 Geo. IIL, c. 61, bakers are 
enabled, between nine and one o'clock on Sundays, to bake for persons 
things which are brought to their oven. By 1 & 2 Will. IV., c, 22, 
drivers of hackney-carriages may ply, and are compellable to drive on 
Sundays. The 3 Will. IV., c. 19, empowers the court of aldermen, or — 
two justices, to regulate the route of i cattle, &c., on 


Sundays. These two statutes relate to London only. The 3 & 4 
Will. W., c. 31, provides that the election of corporate officers, 


&c., required to be held on any particular day, shall take place on 


Saturdays or Mondays, when the day specified in the Act happens to be 


a Sunday. 

Under these enactments the courts have determined that a contract 
or sale which, though made on Sunday, is not in the exercise of the 
ordinary calling of the parties, is valid. Thus a contract of hiring 
between a farmer and a labourer, and a bill of exchange drawn on a 
Sunday, have been held to be good. The owner of a stage-coach is 
not included within the provisions of any of the statutes on the subject; 
the words “other person whatever,” in 29 Chas, IL., being icted — 
in application to persons of the same classes as those enumerated by — 
name. An action, therefore, may be maintained against him for — 
neglecting to take a . Only one offence can be committed by — 
the same party against the provisions of 29 Chas. IL, ¢. 7, by exercising 
his ordinary calling on a coe Several statutes regulate the hours 
within which public-houses and other places of refreshment may be — 
kept open on Sunday, the regulation thus made being enforceable by 
penalties summarily recoverable before magistrates, 

SUNDAY SCHOOLS. [Scxoots,] 

SUNDIAL. Up to a comparatively recent period the science of 
constructing sundials, under the name of Gnomonics, was an import-— 
ant part of a mathematical course. As long as watches were 


and clocks not very common, the dial, which is now only a toy, was in 
actual use as a timekeeper. Of the mathematical works of the 17th 


cen which are found on book-stalls, none are so common as those 
on dialling. All that is now n is to give some idea of the 
prixziples on which such instruments are constructed, as an illustration 
ofa leading fact in astronomy. Ifa person were to place a staff in the 
ground, so as to point either vertically or otherwise, and to watch its 
shadow at the same hour, on different days at some intervals from each — 
other, marking its direction at each day’s observation, he would in all 
probability find that the direction of the shadow, the hour ‘ 
always the same, varied from day to day. He might, however, find — 
that the shadow was always in one direction at the same hour, and this — 
might happen in two different — First, he might by accident fix — 
the staff in a direction parallel to that of the earth’s axis, in which case _ 
the direction of the shadow would always be the same at the same — 
hour, at all times of the year, and for every hour, saps having» 
fixed the staff in a position not parallel to the axis of earth, — 
he might happen to choose that particular hour, or interval between 
two hours, at which the shadow of a staff in that one direction always 
a one way. But if, as is most likely, he were to fix the staff in a 
irection which is not that of the earth’s axis; and if, as is again most 
likely, he were to choose any time of observation but one, the shadow — 
would certainly point in different directions at different periods. 


ons marked rx and x, on the western side, and indicating — 
that it is about a quarter past nine in the morning. But there is one 


phar wini part of the figure which is never seen on a dial, , the 
our circles, which are represented as all ing through the of 
the style. As the diagram stands, a skeleton globe of hour circles only 


is ea part of the construction, to assist in the explanation, 


Let us suppose the sun to move with an equable motion, so that it 


q 
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en SUNDIAL. 
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shows the same time as the clock. It does not do so in reality, but 
‘the consideration of this point belongs to the article Tam. A large 
sundial is freq furnished with a table of the correction of sun- 
time, to turn it into clock-time, engraved on its face; but this is 
generally soon corroded. Nor is knowledge of the simplest elements 
of astronomy so widely diffused as to make such a table of any great 
use, A person who stations himself in any place of resort which has a 
sundial, will soon find a lounger who looks in amazement at the 

el 
1x x 


reed J z th ur 


vi 


vit 


from the meridian hour-circle towards the east. The 
ircle is that which cuts the plate of the dial in the 
3 i in question (the right-hand one of the 
which are not shaded) cuts the dial-plate in rx 1x. Now when the 
i —— rar gyre mig ney ge Dr get 
presented to sun. w of the 

is common to all the Giteaeiee | a in enodcin tection 

for the time, part of that of the hour-circle in which the sun is, Hence 
at nine o'clock before noon maps orx will be the shadow of the 


o'clock, the sun ought to be looking directly into the crevice between 
1x and x, in which crevice there ought therefore to be 

no shadow; but the crevice which is entirely devoid of shadow is that 
between the hour-circles yr and rx, so that the sun is made to tell 
on the north side, and another on the south, of the figure. 

will easily set this right, and will see that as far as the 
hours are concerned, the crevices themselves might be made to 


preceding figure was drawn for a horizontal dial, yet 
any other plane might be substituted. The objections to a dial are, 
that the shadow of the style is not sufficiently well defined to give 
evi 


dl 
| 


accurate results, even for ordinary : that refraction, whi 
always makes the sun a little too high, throws the shadow a 
trifle towards noon at all times, that is, makes the time too fast in the 


morning, and too slow in the evening; and that a correction is always 

necessary in order to find mean or civil time. Even if the first objec- 

tion could be got over, the corrections requisite for the two latter 
en 


would t in general from use of the instrument, 
Tiiinias of the stain be wek-vony-taesew da is necessary to have the 
dial separated by the breadth of 


e Log capeeg cuts the heavens, and let the 
th the horizon (/), and o BN, which it 


makes with the meridian (m), be given. From p, the pole, draw Qr 
perpendicular to the plane of the dial; and the line joining ? with the 
centre being the continuation of the style, that joining the centre with 
Cc 
p 


B 


Q is the continuation of what is called the substyle. 
angled triangle ANB, we have 


Now in the right- 


cos h 
cos NB= FT 
whence NB is found; to which add the latitude of the place, rN, and 
PBis found. The equations 


tan PB. cosm=tangB, sinPB,.sinm = sin PQ 


show how to place the substyle with respect to B, the point answering 
to noon; and also how to place the style with respect to the substyle. 
To find the point v at which any given hour-line, pv, cuts the circle 
© 8, first find the angle q PB from 


cot QPB = tan m.cos PB; 


and vy PB, the hour-angle from noon of the sun (v being a point in the 
shadow). The difference of these angles, QP v, or their sum, is then 
known; and qv is found from 


tan QV = tan QPY.sinPQ 


It will be better for the beginner to verify these steps on a correctly” 
drawn figure, or to modify them, than to make purely algebraical 
alterations. Also it is to be remembered that the position of the dial 
may require both sides of it to be graduated, and the style to extend 
i both directions, to suit all times of the year and all hours of the 

SUNNAH. This is the name given by the Mohammedans to the 
traditionary portion of their law ; which was not, like the Kordn, com- 
mitted to writing by Mohammed, but preserved from his lips by his 
immediate disciples, or founded on the authority of his actions. It 
holds in Mohammedan theology the same place as the Mishna in the 
Jewish doctrine, and the names agree in their derivation. The 
orthodox Mahommedans called themselves Sunnites, in distinction to 
the various sects which are comprehended under the term Shiites, 
whose distinguishing characteristic is that they recognise as lawful 
kalifs Ali and his descendants. The Turks as a nation are Sunnites, 
and the Persians Shiites. Shiah, from which this latter name is 
derived, signifies a party or troop. . ; 

SUPERCARGO, ([Sutrere, Sures.] 

SUPERFICIES, the Latin form of the word surface, used in the 
sense of surface, and sometimes of area, The quantity of an area is 
called its superficial content, as distinguished from linear content or 
length, and solid content or bulk. 

SUPERPHOSPHATE OF LIME. ([Catctum, Superphosphate of 

SUPERSEDEAS, in law, the name of a writ used for the purpose 
of superseding p ings in an action, In its more general sense it 
is used to express that which supersedes legal proceedings, although 
no writ of supersedeas may have been used for that purpose. Thus if 
a writ of certiorari be delivered to an inferior court for the purpose of 
removing a record to a superior court, the writ of certiorari is said to 
bea Le ae of the proceedings before the inferior court. 

SUPPLEMENT (Trigonometry). The defect of an angle from two 
right angles. Also chords or ares of a circle or other curve which have 
a common extremity, and together subtend an angle of two right angles 
at the centre, are sometimes called supplemental chords or ares. 

SUPPLY. [Par.iament.] 

SUPPURATION. [Asscess; InrLaAMMaTion.] : 

SUPRALAPSAR S. In the discussions of the doctrines of 
predestination and election, which arose out of the teaching of the 
school of theologians at Geneva, two different views came to be taken 
by the Calvinistic party. Some held that all the occurrences which 
take place on the earth have been from eternity the subject of a special 
decree of God: that God decreed to create man solely for his own 
glory, and to display his glory in the eternal happiness of some and the 
damnation of others: that this decree respected not merely the end, 
but all the means, direct or indirect, by which that end was to be 
wrought out; and that sin, the fall of man, and the introduction of 
evil into the world, were decreed be to happen as necessary means 
to the end proposed, and God therefore so constituted man, and 
placed him in such circumstances, that he could not but fall. The 
persons who held these views were called Supralapsarians (supra 
lapsum), because, according to their system, the decrees of God 
respecting the salvation of some men and the rejection of others were 


SUPREMACY. 


SURETY OF THE PEACE, 


in no sense consequent or dependent upon the foreseen fall of man, 
which itself (on the contrary) took place in consequence of a divine 
decree. 

The other party were called Jnfralapsarians, They considered the 
decrees of God for fixing the eternal state of man as equally eternal 
and unchangeable, but they maintained that God did not create man 
in order that he might fall, but left him free to act for himself; and, 
though foreseeing that he would fall, did not interfere to prevent him, 
but decreed that the co uences of this foreseen fall should result 
in increased glory to himself, and the eternal happiness of the greater 
part of men. . : 

The synod of Dort adopted the views of the Infralapsarians. 
Modern Calvinists, generally, go no farther than Infralapsarianism, 
and often not so far. 

SUPREMACY is a term used to designate supreme ecclesiastical 
authority; and is either papal or regal. Papal supremacy is the autho- 
rity, legislative, judicial, and executive, exercised until nearly the 
middle of the 16th century by the pope over the churches of England, 
Scotland, and Ireland, as branches and integral parts of the Western 
or Latin church, and which continues to be exercised de facto over 
that portion of the inhabitants of those countries who are in com- 
munion with the church of Rome. The extent of the legislative 
authority of the pope was never exactly defined. Whilst it was 
regarded as nearly absolute at Rome and at Madrid, it was, at Venice, 
and still more at Paris, sought to be reduced within-very narrow 
limits. 

The papal supremacy was abolished by the legislatures of the three 
kingdoms in the 16th century. In order to ensure acquiescence in 
that abolition, particularly on the part of persons holding offices in 
England and Ireland, an oath has been required to be taken, which is 
generally called the oath of supremacy, a designation calculated to 
mislead, it being in fact an oath of non-supremaey rather than of 
supremacy ; since, though in its second branch it negatives the supre- 
macy of the pope, it is silent as to any supremacy in the crown. This 
oath was therefore taken without scruple by persons who were not 
Roman Catholics, whether members of the Anglican church or not, 
Roman Catholics might take an oath in which the civil and temporal 
authority of the pope were abjured. By the 21 & 22 Vict. c. 48 (1858), 
the oath was abolished, and another substituted which only pledges 
the person taking it to temporal allegiance to the sovereign, and repu- 
diates the jurisdiction of any foreign power, spiritual or temporal, of 
whatever nature it may be. 

Regal supremacy is not legislative, but judicial and executive only. 
Henry VIII. was first acknowledged as supreme head of the church 
by the clergy in 1528. This supremacy was confirmed by parliament 
in 1534, when, by the statute of 26 Henry VIIL., c. i. it was enacted 
that “the king our sovereign lord, his heirs and successors, kings of 
this realm, shall be taken, accepted, and reputed the only supreme 
head in earth of the Church of England, and shall haye and enjoy, 
annexed to the imperial crown of this realm, as well the style and title 
thereof, as all honours, dignities, pre-eminencies, jurisdictions, privi- 
leges, authorities, immunities, profits, and commodities. to the said 
dignity of supreme head of the same church belonging and appertain- 
ing; and shall have power from time to time to visit, repress, redress, 
reform, order, correct, restrain, and amend all such errors, heresies, 
abuses, offences, contempts, and enormities, whatsoever they be, which, 
by any manner of spiritual authority or jurisdiction, may lawfully 
be pee Maar repressed, ordered, redressed, corrected, restrained, or 
amended, most to the pleasure of Almighty God, the increase of virtue 
in Christ’s religion, and for the conservation of the peace, unity, and 
tranquillity “of this realm; any usage, custom, foreign laws, foreign 


authority, prescription, or any other thing to the contrary notwith-* 


standing.” 

SURD. This word has been used to signify an IRRATIONAL arith- 
metical or algebraical quantity since the time of the introduction of 
algebra into Europe; though why any term formed from surdus was 
used in such a sense is not known; perphaps it was the supposed 
translation of an Arabic term. In the article just cited we have said 
as much as is necessary on the subject. We will only add that the 
second volume of Cossali’s ‘ History of Algebra’ contains an account of 
the tenth book of Euclid, with reference to the use made of it by the 
earlier algebraists. 

SURDITES, [Dearyess.] 

SURETY. A surety is one who undertakes to be answerable for 
another, who is called his principal. Such undertaking must be in 
writing, and it may be either by bond or by simple writing. A con- 
tract is not binding in law, unless made upon some sufficient considera- 
tion ; but in the case of a bond this consideration is inferred from the 
circumstances of deliberation incident to its ution as a deed, 
When the undertaking is not by bond, it is necessary that the con- 
sideration should be capable of proof, and that the instrument should 
be signed by the party who becomes the surety, The instrument 
however may consist of several writings, if they are so connected by 
reference to each other that they can be considered as inco 
The instrament by which the surety becomes bound, when it has 
reference to civil matters, is generally called a guarantee, and ordinarily 
consists of an undertaking to become answerable for the payment of 


goods furnished to. the principal, or for his integrity, skill, attention, 


and other like matters. In such cases the consideration would 
bably be the furnishing of the to the principal, or his ole 
ment by the party guaranteed. In the construction of guarantees the 
same rule of law prevails as in the case of all written instruments,— 
that they shall be understood in the sense most unfavourable to the 
party making them which the words will reasonably bear. The appli- 
cation of the rule is very frequent in cases of guarantee where the 
question arises whether or not the guarantee is what is called a con- 
tinuing guarantee. Thus where the surety undertakes to be answer- 
able to the amount of 100/. for goods supplied to his principal, this 
may mean that he will be answerable for the first 100/. worth, and 
cease to be answerable for any goods supplied afterwards; or, that he 
will continue to be answerable to the amount of 1001. for any indefinite 
period during which goods may be supplied, although the principal 
has paid for the first 1002, worth. The latter kind of guarantee is 
called a continuing guarantee. Observations of a similar ¢ 
may be made as to the application of payments by the principal. 
The circumstances connected with the relative 
guaranteed and the principal are considered as em! 
tract between the guaranteed and the su 


ied in the con- 


fore, these are substantially varied, so as to increase the risk of the 
guaranteed, or to destrdy or suspend his rem 
the surety is thereby discharged. Thus, if the guaranteed has, at the 


time the guarantee is given, a lien upon property of the principal in 
his hands, which he afterwards parts vith’, Fas he exte 


him time, the surety will be released, But the variation of cireum- 


stances must be substantial; a change which does not operate so as__ 


to increase the risk or lessen the remedy will not have such an effect. 
Neither can the surety discharge himself by a mere request or caution 
to the guaranteed to abstain from trusting the principal, or to wateh 
his acts, &c, Nevertheless it is the duty, and perhaps an implied 
undertaking, on the hay of the guaranteed, against the consequences of 
the neglect of which a court of equity might relieve the surety, to 
employ a reasonable degree of prudence and attention in in i 
his goods, or inspecting and checking the accounts of his clerks or 
servants. The surety is entitled to the benefit of all the securities 
which the guaranteed has against the princi 


With respect to the rights of the surety against the principal, Mr. — 


Justice Buller has distinctly laid down the law, “ wherever a person 
gives a security by way of indemnity for another, and pays the money, 
the law raises an assumpsit,” that is, implies a promise on the part of 
the principal to repay to the surety all the money that he has expended 
on his behalf, and this money may be recovered in an action 

the principal for money paid to his use. But in no case is the surety 
entitled to more than an indemnity from his principal. Thus, if the 
guaranteed is content with a less sum from the surety, instead of 


exacting the full amount for which he is liable, the principal will be — 


bound to repay to the surety the less sum only, If the surety has 
himself taken a bond or other security from the principal, he relin- 


quishes his right to bring an action upon the promise implied in law, — 


and must have recourse to an action upon his security. 

Where more persons than one become sureties for the same principal, 
they are called co-sureties. If one of these has paid the whole of th 
debt due from the principal, he may recover in an action of i 
from his co-sureties the amounts for which they were respectivel; 
liable. A court of equity will also interfere to regulate the proporti 
partly due from each, And in case any of them are unable to pay 
from insolvency, &c., it will compel the others to contribute 


tionally the amount for which the defaulters were liable, The law is ¥ 
the same as to co-sureties, whether all have been created by the same — 


instrument in writing, or each one by a distinct instrument. 
SURETY OF THE PEACE is the acknowledging of a recog- 
nisance or bond to the crown, taken by a competent court for keeping 
the peace. Magistrates have the power to take such recognisances, 
which are generally done by the party acknowledging (recognising, and 
hence the term recognisance) that he is indebted to the crown to a 
certain amount, the condition of which bond is, that he or the par 
for whom he becomes bound shall keep the peace during a term é 
in the condition. Such recognisance may be obtained by any party 
from another on application to a magistrate, and stating on oath 
he has just cause to fear that such other “ will burn his house, or do 


prison by the magistrate for a specified period, less 
plies. If the recognisance is forfeited by a breach of the 
may be removed into one of the superior courts and there 


upon, 

Sureties also may be similarly required for the good behaviour of 
parties who have been guilty of conduct tending to a breach of the 
peace, abusing those in 


condition, it 


osition of the — 


and as forming part of 
that upon which the undertaking of the aves is founded, If, there- 


edy against the principal, — 


the time 
of credit, or after commencing an action against the principal gives 


pos fs committed to — 


administration of justice, &c. oi 
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SURFACE, SURFACES, THEORY OF. For the mere definition 
of surface, see Sonmp, &e, We are here to speak of that branch of 
which considers the generation and properties of 
eurve an assigned law. 

Tf three planes, each at right angles to the other two, be taken as 
the planes of Co-orprvates, the position of ahy point is determined 

as its , or distances from the three planes, are given 
and magnitude. If the co-ordinates of a point be a, y, z, and 
ween these one equation exists, > (, y, 2)=0, any point may be 
in the plane of # and y, by means of given values of # and y, 
value or values of z may be found from the 
The locus of all the points whose position can be ascertained 
one of the co-ordinates from this equation, the other 
taken at pleasure, is a surface of which @ (#, y, 2)=0 is 
equation, and the modes of p: ing are pointed out 
works on algebraic geometry. The applications of the differ- 
ential calculus depend on the principles explained in TANGENT: the 
graphical use of the whole method depends mostly on descriptive geo- 
metry, whether formally known under that name or not. 
distinguished algebraically by the nature and order 
Thus we have surfaces of the first order, in which 
ion is of the first degree (this class contains the ee only) ; 
of the second order, which will be classified the next 
article ; and so on. 


fi 
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distinguished by their mode of generation, and 
pal cases are as follows ~~ 
surfaces are 


cylinder and a 4 indri 
themselves are only an extreme case of the ones, being what 
become when the vertex is removed to an infinite 


distance. 

2. Surfaces of revolution are by the rotation of a curve 
about an axis, relatively to which it always retains one position. The 
common cone and cylinder, the spHERe, and others of the greatest 
practical use, are contained in this class. 

4. Tubular surfaces are generated by a circle of given radius, which 
moves with its centre on a given curve, and its plane at right angles to 
the tangent of that curve. When the given curve is a circle, the 
tubular surface is a common ring. 

Ruled surfaces (the surfaces réglées of the French writers) are 
which are described by the motion of a straight line, which 
neither remains parallel to a given line nor always through a 
gi This includes, among many others, the whole class of 
conoidal surfaces, made by a straight line which moves parallel to a 
given plane, and always passes through a line perpendicular 
to that plane, and also through a given curve. surface of a spiral 
i be if there were no steps but only a gradual 


is an instance. 
ae Pistnanate varficts srs thote which tan bo wewesrped 06 4 plane 
parts over one another, or separation ; that is, 


jer and cone. 
*TRURFACE OF ELECTRICTY. [Potanizatton or Lrent.] 
SURFACE OF THE EARTH. Geology, by teaching us to look 
upon the form and distribution of land and sea, the features of hills and 


of which are no longer in operation upon 
ted, confers upon the surface of the 
ete wed at re Bi 
pictorial combinations, or even to agricultural utility commercia’ 
Uniformity, inequality, height, depth, and area, every the 
peculiarity of form, whatever is remarkable in any part of the 
the sea—these are effects of causes 
to be traced out before the problem of the physical 
history of the globe can be considered as resolved. Geology was pro- 
by Sir OC. Lyell, early in his career of research, to be the 
surfaces. 


than it is now. The 
and 


lose those sloping ee ee 
of fallen materials, which connect the broken ridges above wit 
Tre't below; a sterner aspect would belong to the now 
and an almost general barrenness would 
overspread the inland surface. : 
The soil, gravel, clay peat, and other substances, which by their 
mask the features of the interior Bons yeh aov eee 
peculiar class of phenomena which have been much, not suffi- 
) It is certain that without a more exact 


ciently, studied by 
appreciation of the which have permitted the aggregation of the 


“superficial deposits” already named, our analysis of the processes 
whereby the earth has been made fit for the residence of man, and 
adapted to its present uses, must be very imperfect. 

Soil is often supposed to be merely the disintegrated parts of the 
subjacent rocks, and this is sometimes really the case; trap rocks, for 
exainple, of which the felspar and the hornblende become decomposed 
by the atmosphere, yield a soil often remarkable for fertility, and uncon- 
taminated with foreign ingredients. But the soils which cover clays 
and limestones and sandstones are seldom of this simple origin. The 
bases of these soils may be generally derived from the subjacent strata, 
but they usually contain foreign ingredients. The soil on the chalk 
and limestone hills of England is. often sandy, sandstones are covered 
by loam, and clays overspread with pebbles. The effect of this 
admixture of foreign substances with the disintegrated parts of the 
native rock is usually favourable to fertility. - 

We may often understand the cause of these admixtures by consider- 
ing the effect of rains and currents of water on the sloping surface of 
the earth. These effects arrive at a maximum in particular vales and 
plains, into which many streams enter after flowing over strata of 
different kinds. In such vales the soil is in fact a mixture of 
calcareous, argillaceous, and arenaceous parts, and its indigenous plants 
are correspondingly varied, and include many which are not found 
growing together on any one of the soils which are here mixed 
together. [Sor] : 

To watery agency, acting under the actual circumstances of physical 
geography, we may also ascribe many even extensive accumulations of 
ekg and sand which lie along the sides of valleys and in hollows of 

ills, or on the slopes of mountains; and it requires sometimes only 
the postulate, that in particular valleys iunndatanbd have formerly 
reached higher levels than at present, to apply the same explanation 
to terraces of gravel and sand now considerably above the actual 
a but sloping parallel to the general inclination of the 
ley. 
The beds of old lakes, often consisting of layers of shelly marl, with 
bones of existing or extinct quadrupeds, the surfaces of silt which lie 
along the actual and ancient mstuaries of rivers, and often conceal 
buried forests and subterranean peat, present no difficulty as to their 
ps go For the processes by which peat grows and trees are buried, 
marshy land is saved from the sea, and lakes are filled up, are at 
this day in action. To all such peat or turf moors, subterranean 
forests, marsh and fen land, drained lake-beds, and sand and gravel, 
the title of alluvial deposits is very commonly given. Generally, they 
require no supposition of extensive changes of physical geography 
produced by violent disturbances of nature, but seem to be clearly and 
perfectly explicable by causes stillin action, though perhaps not in the 
same situations on the earth’s surface. But there are other gravels, 
sands, and clays, to which this explanation cannot be applied without 
calling in aid great changes of physical geography, or physical processes 
not seen in daily operation; such as extensive displacement and change 
of level of pee f and sea; unusual floods of water; surprising altera- 
tions of climate, or movement of glaciers in situations where now 
the snow and ice of the coldest winter melt with the first breath of 
. These phenomena were classed under the title of diluvial 
its, at a time when their origin was very generally ascribed to 
violent floods of water, and the title was retained even by geologists 
who did not admit this hypothesis. They are now generally included 
by geologists under the designations of boulder-clay, boulder formation, 
and northern drift; the latter term having been applied to them, 
because, in Europe and in North America, where only they have yet 
been distinctly recognised, they have evidently been brought from 
regions to the north of those in which they are now found. At the 
same time, according to Sir C. Lyell, “the bulk of the mass in each 
locality consists of the ruins of subjacent or neighbouring rocks; so 
that it is red in a region of red sandstone, white in ac country, 
and gray or black in a district of coal or coal-shale.” They belong 
both to the newer pleiocene or pleistocene and to the post-pleiocene 
series of present geological nomenclature. 

These so-called diluvial deposits are commonly admitted or assumed 
to be of older date than those ealled alluvial, and, taken in a collective 
sense, they are so, but this is the least important circumstance 
characteristic of their history. The conditions of their accumulations 
are remarkable, 

1. It is often seen that thick its of clay, sand, and pebbles, or 
large fragments of rock, lie on very summits of hills (as abun- 
dantly on the hills which adjoin the — of ex — a 

2. Fragments of rocks quite unlike those e vicinity lie in 
valley, oni (a on the Balove next Chinssid; weal avbek i ila (as 
on 8 P 

3. Thess are found solitary, or buried in clay, sand, or 
gravel, and sometimes in enormous abundance, as in Huntingdonshire, 
near Birmi , in Holderness, and other parts; and they are such 
that no stones of like nature occur anywhere in the natural drainage of 
the country where the gravel is accumulated, nor within 20, 50, or 
even 100 miles of the spot. : 

4, The fragments (often called. boulders, and also erratic blocks) 
appear thus in several cases to have been transported from particular 
parts of the country, over elevated , across the natural valleys 
and ranges of hills, but yet are, in some cases, distributed in a manner 
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which manifests a decided dependence on some of the greater features 
of physical phy. Thus the abundantly spread detritus from 
the Cumberland mountains crosses the island to Tynemouth, and 
reaches the coast of Yorkshire, but does not cross the Pennine chain 
of mountains, except at one point (Stainmoor), though it spreads along 
the western side of it as far south as Manchester and the plains of 
Cheshire and Staffordshire. In like manner the detritus from the 
Western Alps has been carried on to the Jura, and lies in a strange 
manner in all parts of the hollow of the Lake of Geneva, and on the 
insulated Saléve Mountains; yet it has been observed that the lines 
followed by the boulders are those of the great valleys, so that each 
great valley has been the direction in which were carried the blocks 
from the head of that valley. r : 

5. It is observed that often the largest blocks contained in a mass of 
this detritus lie at the top, resting on the smaller gravel and sand; and 
that below the whole mass the hard rocks are scratched by parallel 
distinct small grooves or strie, marks of the dragging movement to 
which the stones were subject in their passage. : 

6. Though in some cases successive deposition can be traced in the 
parts of such a mass, it is very often seen that the materials are 
entirely unarranged, mere heaps of stones, and sand or mud; the 
stones being often indiscriminately stuck in clay, large and small, heavy 
and light, absolutely without any stratification, such as long suspension 
in water must certainly have produced, 

7. Finally, amidst such confused masses, bones of land quadrupeds, 
mostly or entirely of extinct species, and even of extinct genera, occur, 
and locally even in abundance. These are, however, more common 
in laminated lacustrine deposits resting upon the diluvial masses, or 
perhaps covered by them. 

With the mammalian remains alluded to are not unfrequently 
associated, as has recently (1861) been shown, flint implements of 
human work ; indicating, if not proving, the contemporaneity of some 
of the now and long since extinct mammals with certain races of man. 
(Prestwich, in ‘ Phil. Trans.,’ 1860.) ae 

It was thought possible to explain these characteristic phenomena 
by many local inundations, or one general and overwhelming flood, 
capable of overcoming many of the lesser inequalities of surface-level, 
but modified in its course by the larger ranges of mountains and 
valleys. And as in the northern zones of the world (which have been 
much investigated in this respect) there is a very frequently observed 
direction of the boulders to the south or south-east, it has been pro- 
posed for consideration whether some great change of the level of land 
and sea in the circumpolar regions might account for what seems’ a 
general fact. But further, as the most abundant deposits of this 
nature have been drifted from particular chains of mountains, as the 
Cumbrian group in England, the primary mountains of Norway, the 
Alps, &c., all which districts have undergone elevation at some time, it has 
been thought that their upward movement may have been the cause of 
the displacement and transport of the blocks. (Buckland, ‘ Reliquix 
Diluviane ;’ Elie de Beaumont, ‘ Sur les Revolutions du Globe.’) 

It has, however, been proposed to account for the distribution of 
the boulders by a more gradual action of the waters of the sea. If 
the region of Cumbrian’ rocks, for example, and a very large portion 
of the north of England, were supposed to be raised from the sea, by 
a continual or intermitting movement, so as to bring successively 
under the action of the breakers the whole country to the east and 
south-east of the area now occupied by the Cumberland mountains, 
this would allow of a continual drifting of the boulders to the east and 
south, by the continual tendency of the tides and currents of the sea. 
(Phillips, in ‘ Treatise on Geology, &c.;’ Whewell in Murchison’s 
‘Silurian System.’) Floating ice has been represented as adequate to 
carry off from the shore where it was formed masses of mud and 
fragments of rocks, and, by melting or turning over, to spread them 
on the bed of the sea. This sea-bed raised would show the accumu- 
lations from such icebergs, often in narrow bands or insulated patches, 
such as really occur, and have been long celebrated, among the heaps 
of Norwegian detritus which lie on the sandy plains of North 
Germany. (Lyell, ‘ Principles of Geology,’ ‘ Manual of Elementary 
Geology ;’ Marchison, ‘ Silurian System.’) 

Finally, ice in another form has been appealed to for the explanation 
of these phenomena, The formation of glaciers ‘in mountain valleys 
is such as to permit of their forward movement down a slope, and their 
carrying with them in their progress ents of rocks and heaps of 
gravel and mud which by any cause upon their surface, These 
heaps of “ moraine” accumulate along the sides and at the lower termi- 
nation of the glacier, and the arrangement, or rather confused 
aggregation, of the materials in them resembles very much that of the 
masses to be accounted for. The surface of the rocks below a glacier 
is scratched, as we have before stated to happen in places where 
boulders are noticed; and as in the Alps it is certain that glaciers 
have formerly been extended much farther from the mountain- 
summits than now they are [Snow, Prrennrat], it has been con- 
jectured that anciently, in the times coincident with or preceding 
the boulder or drift period, they were very much more extended, so as 
even to have reached from the Alps to the Jura, from the mountains 
of Norway to those of Bohemia, and from Shap Fells in Westmoreland 
to the mouth of the Humber. Upon the subsequent contraction of 
these glaciers, the moraines they had left would experience some 


changes by the action of water (melted ice), which might then run in 
lines impossible for currents after the icé was fully removed. 
(Agassiz, ‘Etudes sur les Glaciers,’) On the grooves and stric on the 
surfaces of rocks Mr, Jukes remarks (‘Popular Physical Geology. 
p. 280), in considering the former action of ice, here alluded to, “ 
addition to ice however, Mr, Mallet has acutely pointed out that many 
of these appearances may be due to what he somewhat inappropriately 
terms ‘mud glaciers,’ by which he means the sliding forward or 
slipping of great masses of clay, mud, or sand, charged with pebbles 
and boulders, along the inland surfaces of rock, either as the land rose 
from the sea, or when they were subsequently loosened by the action 
of rain and other water.” 

The examination of the boulders of certain parts of the Himala; 
range, and the application of the theory of glacier movement to 
their distribution, has led Dr. Joseph D. Hooker to su some — 
modifications of that theory in respect of those localities. The banks 
of the Great Rungeet river, near its junction with the Kulhait, consist 
of mica-slate, cumbered, in a deep gorge through which the river flows, 
with enormous boulders of that rock, of clay-slate, and of granite, some 
fully 10 feet in diameter. But the latter rock is not common at eleva~ 
tions below 10,000 feet, whereas the absolute elevation of the river — 
here is only 1840 feet; it is not easy therefore to account for their — 
present position. “They have been transported,” Dr. Hooker infers, 
“from a considerable distance in the interior of the lofty valley to the 
north, and have descended not less than 8000 feet, and travelled 
fifteen miles in a straight line, or perhaps forty along the river b 
It may be supposed that moraines have transported them to 8000 feet 
(the lowest limit of apparent moraines), and the power of river water 
carried them further ; if so, the rivers must have been of much greater — 
volume formerly than they are now.” Another ex; jon was re- 
quired by the enormous fractured boulders of gneiss frequent over the 
whole of the mountain Mons Lepcha, in the Sikkim Himalaya, at — 
elevations of from 7000 to 11,000 feet. Contrary to those mentioned 
above, they were of the same material as the rock in situ, and as unac- 
countable in their origin, by received theory, as the loose blocks on the 
Dorjiling and Sinchul spurs to the south, at similar altitudes, often. 
cresting narrow ridges. Dr, Hooker measured one angular 
block, 40 feet high, resting on a steep narrow shoulder of the spur, in _ 
a position to which it was impossible it could have rolled; “and itis 
equally difficult to suppose,” he observes, “that glacial [glacier] ice 
deposited it 4000 feet above the bottom of the gorge, except we con- 
clude the valley to have been filled with ice to that depth.” A third 
modification of or addition to the glacier theory of boulder distribu- 
tion, is pointed to by the locality of the Jongri spur of the 
mountain Kinchinjunga [OroLocy], over which are scattered blocks 
of gneiss, many 20 feet in diameter. “It is not possible to account 
for the transport and deposit of these boulders by glaciers of the ordi- 
nary form, namely, by a stream of ice following the course of a valley; 
and we are forced to speculate upon the possibility of ice having capped 
the whole spur, and moved downwards, transporting blocks from the 
prominences on various parts of theyspur.” ‘ Himalayan Journals, 
vol, i., pp. 242, 253, 288. 7 i 

The entire subject of the transport of erratic blocks, and of the 
hypotheses which have been framed to account for it, has been criti- 
cally examined by Mr. W. Hopkins, in a paper ‘ On the Elevation and 
Denudation of the District of the Lakes of Cumberland and Westmore- 
land,’ in the ‘ Quart, Journ. of the Geol. Soc.,’ vol. iv. ; 

The great mass of diluvium from the Cumbrian mountains, already 
alluded to, which covers the surface of Lancashire, rests on nothing 


more recent than the new red sandstone, and Mr. Hopkins conceives 


that its transport might have begun with the elevatory movements 
which disturbed that formation, when the surface of the present moun- 
tainous district began to rise permanently above the surface of the 
ocean, and the valleys began to be formed. The spreading out of 
diluvial matter—that term being now adopted in its broad, physical 
sense—may be regarded as the nec consequence of wide general 
currents, and that this has been the agency by which the mass of 
diluvium in question has been transported to its t locality and 
position, does not admit, in Mr. Hopkins’s opinion, of the smallest. 
doubt. He accounts for the existence of currents diverging from the 
centre of the district by a repetition of paroxysmal elevations of from 
100 to 200 feet; and, affirming the entire adequacy of this cause to 
transport all the erratic blocks derived from that region, concludes — 
that such has been the agency by which that rt has actually 
been effected. He rejects the iceberg theory in its application to the 
case investigated, but conceives that floating ice may probably have ~ 
been the most efficient agent in transporting the larger blocks of colder 
regions from their original localities, Mr, Hopkins’s paper may be 
studied with great advantage with reference to the whole subject of 
the distribution of boulders and of the northern drift. 

We do not propose to investigate any of the hypotheses above 
stated, preceding the facts and reasoning we have derived from Dr. 
Hooker and Mr. Hopkins, Geologists have been remarkable for 
eagerly adopting and as easily abandoning most of them; and others 
might have been added merely as beacons to be avoided. It be 
proper however to point out three things which may be u to 
remember in further prosecuting this subject, and which, indeed, have 
neither been forgotten nor neglected, by the geologist. last named, 
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1. It must be determined by evidence whether the accumulation to 
be nag happened on the land ‘at its present level, or on the bed 
of the sea. 

2. It must be determined by evidence what was the probable 
character of the climate in the countries where diluvial accumulations 
excite attention. 


g 


glaciers, 
details of the 
rr 


considerable modifica- 
of the pre-existent surface of the 
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Tf, abstracting our |. 


the Tees is excavated in red marl and lias clays. The near Robin 
Hood’s Bay, Scarborough Castle Hill, Filey, Brig, perigee 
Head, are all promontories of hard rocks; but Robin Hood’s Bay, 
Scarborough Bay, Filey Bay, and Bridlington Bay, are all excavated 
and wasted in clays of the liassic, oolitic, and diluvial periods, The 
interior of the country shows similar effects on a grander scale. The 
great vales and plains of England, in parts the least influenced by 
subterranean disturbances, are by no means the excavated paths of 
rivers, nor are the great ranges of hills the separating summits 
between such rivers, The plains and vales’ are lines of soft and 
perishable strata, and the crests which divide these vales are ranges of 
harder rocks, A transverse section of the English strata shows always, 
both on a large and small scale, this important fact (see fig. 1), and 
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tion from the accumulated deposits which conceal the stratified 
penny reneans 2 he caine ot te ariln ve Took 2 Oe ctual 
of its , there ap little that is even difficult of explana- 
by the application of known and real causes. The relative areas 
land; the peculiarities of outline of continents and islands ; 
of mountain-ranges, and remarkable vales and plains ; 
features of hills and valleys; the degree in which the 
in some quarters and augmented in others; and tle rate 
which may take place in these respects ;—all this may be 
referred to subterranean and submarine disturbances of 
periods, to the effects of the sea upon the land when the land 
was not at its sees dares Botan, We wanes 8 px Sp cperetian 


boy onan sy kg i Pp inundations. 
From thi 2 ok eee gue eae Weerrckpr gO fede aiapaicaay 
sea, the directions of high and low ground, 
individual features of hills and valleys. The few examples 
needed will be drawn from the British Isles, but the explanations are 
of application. To render the article, as reproduced in this 
, illustrations of 
of the subject are now added, some from foreign countries, 

lication equally with the former. 
M the larity of outline, on a large scale, of the British 
Islands depends on the form in which the ancient bed of the sea was 
Thus the line of the Hebrides, the prominent 
Aberdeenshire, and of Argyleshire, are on axes of 
the primary strata; while the Great Caledonian 
Fort William to Inverness, and the great basin of the 
Clyde, are in axes of depression of the strata. This latter 
ined on the south by the great axis of elevation of the 
Galloway and neseaests Bile, rescpenens Larand the Irish Channel 
Belfast, as the Argyleshire chain is resumed in Donegal. The 
of Man, the tory of Lleyn in Caernarvonshire, the east 
og ag eats oh og cadet Lip goal haga 
and North Devon, give to Pembrokeshire, G ire, and 
on remarkable and detailed alternations of promontory and 
of Wight is formed on an axis of elevation from the 
iff ; while north of it are the axis of depression of 
Solent, axis of elevation of the wealds of Sussex, and the axis 
ee ee cae at tales oe 

the same ridges and hollows, and others of as great import- 
ey oar continuous chains of hills—the North-Western Highlands, 
the Lammermuir range of hills, the Wicklow moun- 
the Snowdon mountains, the , and Malvern hills, and mul- 


or one — of a natural district, leave marks of inequality 
ay: yas us the great Pennine faults, ranging from New- 
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in every country, it that, notwithstan 
operation of later agencies, the main features of the surface of the 
to the positions in which subterranean movements left 
masses of rocks. But the operation of subsequent 
agencies is distinctly traceable in modifications of these features on the 
sea-coast, and in the interior of every country. 
been wasted, and as the various stony 
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, Dunwich, and Bridlington) even , one or several yards 
yet atl by a thousand 


considerable tracts of new land have been added to the shores of 
Lincolnshire, along the banks of the Thames, and by the side of the 
Severn. 

The line of coast from the Tyne to the Humber is instructive in 
this respect. The inences on the Durham coast, ending with 
Hartlepool, are by magnesian limestone, and the estuary of 
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Fig. 1 shows the relatively prominent parts in a line of section across the 
secondary strata, 1, being chalk; 2, lower green-sand; 3, coralline oolite 
and calcareous grit; 4, cornbrash; 5, forest marble; 6, great oolite ; 
7, inferior oolite; 8, marlstone; 9, lias limestone. The intervening 
hollows are uniformly argillaceous, 


every well-shaded topographical map, coloured geologically, demon< 
strates the extent of its application in explaining the irregularity of 
surface. The chalk hills, oolitic hills, &c., alternating with vales of 
clay, in all the southern and eastern parts of England, give to those 
parts characters far more important than the undulations connected 
with river channels. - 

Similarly, hills and valleys, in which rocks of unequal power of 
resisting watery action appear, show the force and continuity of this 
action by the prominence of the hard rocks and the excavated surfaces 
of the softer masses. Thus, in jig. 2, we see on the breast and edges 


Fig. 2. 
Shue el here Z 
eS ~ae 
PTS © i 
ees Z 
a YU 


Week 


Fig. 2. Aspect of a mountain consisting of carb , shale, and 
dstone ; the limestone bands (marked 7) project remarkably, and, where 
they cross a valley, make waterfalls. 


of a hill composed of limestones, sandstones, and shales, the especial 
rominence of the limestones; and where these cross a valley, each 
Danton edge is the place of a waterfall. By studying in such valle: 
the manner in which the actual stream wastes the rocks, we can easily 
assure ourselves of the truth of the general explanation offered above. 
In fig. 3 is a section of a waterfall, showing the edge of limestone (a) 


Fig. 3. The side view of a waterfall, where the stream falls free of the rock, 
and causes excavation in the subjacent shales, 


over which the water falls, and under it a bed of sandstone (d) little 
wasted, but at the bottom a body of shale which has perished by the 
dampness and spray, and is excavated in a remarkable manner. 

Just such an action is observable on similar cliffs by the sea, and in 
each case the same effect follows: the falling of the hard rock at top 
from want of support below. Thus the situation of a waterfall is daily 
displaced, and is moving up the stream, as the Falls of Niagara and - 
Hardrow Force are known to have done. (Lyell, ‘ Principles of Geology.’) 
Into all these effects of waste on the earth’s surface rain enters for 
something important. Few surfaces of rock are altogether exempt 
from chemical changes dependent on atmospheric variations; all are 
more or less liable to ish with rain, frost, and watery movements ; 
and thus the individual features of hills and valleys, the ranges of high 
and low ground, and the outlines of land and sea, appear to be effects 
imp: by subterranean movements and fractures of the earth’s 
crust, modified by the action of the sea on materials of unequal 
resisting power, while they were below, and while they were rising 
through its waters, and by the subsequent mechanical agencies of 
rivers, rains, and chemical forces excited by atmospheric variations, 
{Groroey, in Nat. Hist. Dry.] ‘ 

Mr. G. Poulett Scrope, M.P., F.R.S., the author of some precious 
contributions to igneous geology, of the most original kind, — which, 
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after the lapse of more than the third part of a century, are only 

inning to be duly appreciated, has urged, in his ‘Geology and 
Volcanos of Central France,’ first published in 1826, and in a paper 
on the excavation of certain valleys, communicated to the Geological 
Society a few years after, the conclusive nature of the evidence of the 
immense changes in the surface of the earth which have been effected 
by the action of “ meteoric agents”—that is, of the atmosphere, its 
depositions, and its ever-varying temperature,—together with that of 
the streams they produce, upon the different rocks and materials con- 
stituting the land, and which, in his judgment, entirely supersede the 
necessity for referring them to the agency of mighty overwhelming 
floods and currents, however occasioned. Describing the volcanic 
formations of the Velay, and in particular the position and actual state 
of a current of lava, which has spread itself to the width of five, seven, 
and nine miles, covering an extensive and elevated table-land formerly 
called the Coiron, which consists of Jurassic or oolitic strata, he shows 
that there cannot be the least doubt but that the whole of this lofty 
tract of secondary strata has been solely preserved from destruction by 
its voleanic capping. The remainder of the oolitic formation around, 
forming the secondary district of the Rhéne valley, has been eaten 
into in all directions by various mountain torrents, and gnawed down 
by meteoric abrasion to.a far lower level. The immense quantity of 
matter which must have been thus abstracted from the oolitic mass 
since the epoch at which this lava was emitted from the now extinct 
yoleano of the Mont Mezen—an epoch proved to be but recent by the 
fact that, beneath the basalt which it has become, a vegetable soil is 
found, containing terrestrial shells of a species still existing in the 
same country— cannot but strike us with astonishment. There can 
be no doubt,” Mr. Scrope continues, “that the surface on which the 
basalt of the Coiron rests was at that period the lowest of the neigh- 
bouring levels, or these repeated currents of liquid [flowing] matter 
could not have flowed in its direction ; yet at present this same surface 
vastly oyertops every other height of the same formation, and ranges 
upwards of a thousand feet aboye the average level of the valley-basins 
of the Ardéche and Rhone on either side. That a considerable pro- 
portion of these was excavated by ‘rain and rivers,'—in other words, 
by meteoric agency such as is still in operation, and not by any diluvial 
or general flood,—is susceptible of direct proof. To attribute, there- 
fore, the remainder to any other cause of an hypothetical nature 
unsupported by evidence, would seem to be contrary to the rules of 
analogy. But the conclusion that the greater portion of the valley of 
the Rhone has been so recently excavated, and by such agency alone, 
involves important consequences, since the same agents must have 
been at work everywhere else, and produced results as stupendous 
during the same comparatively recent period.” (‘G. & V. of Central 
France,’ ch. viii.) In the second edition of this work, published in 
1858 (ch. ix., pp. 207-208, note), the author expresses his opinion that 
neither Sir C, Lyell (the most comprehensive advocate for the 
sufficiency of existing causes) nor the bulk of geologists are “even 
yet sufficiently impressed with the”immense amount of excavation or 
denudation effected on supra-marine land by the erosive force of the 
pluvial and fluvial waters.” “That story,” he adds, “is yet to be 
written.” ; " 

There are, however, limitations to these changes in the present 
condition of the earth’s surface, some of which are ultimately imposed 
upon them by their own operation. They were acutely urged by the 
late Rey. Dr. W. D. Conybeare, a consummate geologist of his time, in 
his introduction to the ‘Outlines of the Geology of England and Wales,’ 
by himself and the late Mr. W. Phillips, and in some papers in the 
‘ Philosophical Magazine’ consequent upon the first appearance of Sir 
C. Lyell’s ‘ Principles of Geology.’ From thirty to forty years have 
elapsed since the publication of his views, which have been almost 
forgotten, on which account we cite, from the publication first men- 
tioned, some of the most apposite :— Over a great part of the earth’s 
surface the influence of these wasting causes is absolutely null, the 
mantle of greensward that invests it being an effectual protection. 
The burrows of the aboriginal Britons, after a lapse of certainly little 
less, and in many instances probably more, than two decades of 
centuries, retain yery generally all the pristine sharpness of their out- 
line; nor is the slight fosse that sometimes surrounds them in any 
degree filled up. Causes, then, which in two thousand years have not 
affected in any perceptible manner these small tumuli, so often 
scattered in very exposed situations over the crests of our hills, can 
have exerted no very great influence on the mass of these hills them- 
selves in any assignable portion of time which even the imagination of 
a theorist can allow itself to conceive; and where circumstances are 
favourable to a greater degree of waste, still there is often a tendency 
to approach a maximum at which farther waste will be checked: the 
abrupt cliff will at last become a slope, and that slope become defended 
by its grassy coat of proof. It should appear that even the action of 
the sea, certainly the most powerful and important of all those we 
have surveyed, has a similar tendency to impose a limit to its own 
ravages.” Dr. Conybeare also considers, in relation to the permanence 
of the general surface of the globe, the possible effect on the level of 
the sea of the quantity of materials carried into it, which he concludes 
to be absolutely imperceptible—a conclusion amply justified by the 
he a tion of Mr. A, Tylor, as noticed in the article Sza, 
co! 2 


The relation of these and other limitations to the consequences of 
the modern doctrine referring the mighty operations which have 
formed and modified our continents to causes now in action, acting 
also under their present conditions, and with only their present forces, 
has not been adequately considered by subsequent geologists, Dr. 
Conybeare’s views on this subject, we conceive, in common with those 
taken by him on other important points in the Leary f of geol 
have not received from his successors the consideration they deserve : 
a circumstance of which the fact of his own withdrawal from the pur- 
suits of science for many of the later years of his life, may 
some explanation. 

The subject of the preceding portion of this article is one of physical 
geography and geology. But we may regard the surface of the lyse 
in a wider philosophical sense, not as confined to that of the land and 
sea-bed, but as the limit of the extension of the matter consti 
our planet ; and therefore, also, of a certain class of the actions , 
maintain it, though not of all the forces to which that matter is 
subject, some of them extending beyond that limit. In this sense 
the earth has two surfaces, that of the land and water taken together, 
and that of the thin spherical shell of air that rests upon anc 
encompasses it. The latter is the termination in space of our planet; — 
the former, the termination of the solid and liquid matter of which the 
earth, or at least its superficial crust, consists, whatever may be 

hysical state of the more central interior, of which we know nothing, 
Iriese surfaces are the final results of the equilibrium which the 
mutually acting and reacting forces of nature maintain in the globe, 

Thus considered, the subject has an interest of its own, inde] it 
of the geographical and geological importance of the surface of the 
land or solid matter. Though the waters form only a residual film, as 
it were, of certain materials of the crust which are liquid at the mean 
temperature of the surface, a result of the final,equilibrium of the 
chemical and physical actions taking place below and above, yet their 
portion of the surface, so much greater than that of the exposed solid 
matter, or land, has a paramount influence on the constitution of the 
terminal shell of matter—the atmosphere—with respect to its aqueous 
constituent. The atmosphere, in like manner, is the resultant residue 
of the physical and chemical actions taking place upon the terraqueous 
surface, or below, within reach of the atmosphere, but consisting of 
materials which are aériform at the mean temperature of the globe; 
some, indeed, at all known temperatures ; others within a certain range 
of them. 

The definite surface of the terraqueous globe, there is reason to 
conclude, is repeated in that of the atmosphere, the finite extent. 
which we conceive to be demonstrated by that of the column 
mercury or water, or other gravitating fluid in the barometer. It 
would appear, on first considering the subject, that the only changes — 
this surface can undergo will be extensive perpetual endiaabinnns of 
the nature of tides, and disturbances occasioned by the entrance and 
transit, and perhaps by the ignition, of the bodies which become 
meteors. It may, however, be true, agreeably to the views of Poisson, 
in particular respects anticipated by Graham and by Luke Howard, 
and with which also harmonise certain inferences regarding the struc- 
ture of the higher regions of the atmosphere originally drawn by 
Mr. Brayley, and virtually adopted by the late Professor Daniell—that 
the atmosphere has a terminal film of solid matter—frozen air— 
forming upon a subterminal one of liquid matter—liquefied air—itself 
passing below into a stratum of air-vapour, and that into a still inferior 
one of dense air retaining its gaseous condition; the rarest stratum 
of the air being thus beneath the summit of the atmospheric column, 
and not constituting the upper surface, as long tacitly assumed, and as" 
indeed would follow from the law of elasticity of the air considered 
by itself, In this case, in addition to the movements alluded to, the 
surface of the atmosphere must be in a state of perpetual equilibrated 
motion and change, the ultimate physical resultant of the continual — 
subversion and restoration of equilibrium, or at least, of the existir 
tendencies to those conditions, arising from the antagonism of heat 
and gravitation. ; 

The complex superficial crust of our planet, of which the surfaces of 
the atmosphere and of the terraqueous globe are the superior Hisaite, 1 
the final result of the action of the sun upon those surfaces, reg j 
to by the interior forces of the earth, which the sun, as it were, — 
governs, both by its direct action, gravitative, calorific, light-giving, nd 
magnetic ; and also indirectly, through that of the waters and the air — 
upon the land, the solid, liquid, and aériform elements of the crust 
being thus all subject to its action; while a certain amount of action is 
also exerted upon them by the radiation of the stars, the suns of other 
systems. On the surface of the earth, therefore, in its most compre- 
hensive sense, are inscribed the indelible and enduring records of all - 
the activities, terrestrial, solar, and celestial, which have produced, and 
are perpetually reproducing it ; and on that of the terraqueous globe, 
thus maintained in equilibrium, organic nature and man exist, the 
well-being of the latter being the end, or final cause, of the whole. 

SURFACES OF THE SECOND DEGREE. This name is given 
to all those surfaces of which the equation is of the second degree, or 
can be made a case of . 


ax? +b + c# 4 Qa'yz + 2b'er + 2c'ay 
+ 2a! +2b"'y +2c'e+f=0, 
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degree between three 


among curyes; and every section made by a plane with any surface of 
the second degree must be a curve of the second degree. The following 
article i for reference, as the books which treat on 


the subject hardly ever give the complete tests for the separation of 
The om ah ibe wholly imposstb ble of 
r prec g ion may be w! e, or incapable o' 
i Ritdied by hy igs of vy oth is happens when the left- 
nd side can be resolved into the sum of any number of squares which 
cannot vanish simultaneously. 


It may represent only one single point. In this case the left-hand 
Sok ba tected take ba mam of thive squires, which yaniah 
simultaneously for one set of values of z, y, and z. 

3. The merece ® fine Pay: J ine. In this case 
the side can be resolved into the sum of two squares, 

4. The two last cases have a particular case which is algebraically 
very ble from the rest, though it can only be geometrically 
cage. est Se: east fete oe ee Se ce 
5. The equation may belong to a single plane, In this case the 
Ot eck ot we ther parallel or intersecting. The left- 

toa , either or i . The le 
hand side can then be resolved into two different factors of the first 


Tn the ceases there is no other surface than can be repre- 

by one or several equations of the first degree. We now come 

to the cases in which new surfaces, not plane, are But we 

may first observe that the left-hand side of the equation has a property 

much resem!) a one of integer numbers. If it be the 

sum of an} oo Sereee reeting. Fark, 5 Sty Te tetnded © 
uares at most. 


! 


is case, the first side of the 


, of the form az +By + 0z+E. 
8, The equation may to a cylinder having for its base any 
conic section. But the elliptic Gf lic cylinders are 
ee eet In this case the first side of the equation can be 
reddt to the form p’+mQ?+nq, P and Q being expressions of the 
first degree, and m and n constants. 
9. equation may belong to an ellipsoid, a single hyperboloid, a 
id, an elliptic paraboloid, or an ie paraboloid. 
the distinct surfaces of the second degree, answering to 
i legree—namely, the ellipsoid 
to the ellipse, the two hyperboloids to the baper bole, and the two 
pene oF ager: They will presently be further described ; 
in the mean tinje the forms to which the left-hand side of the equation 
may be reduced in these several cases are— 


Ellipsoid P* + Q?+ R?—m?. 
Single H P+ @—R*— m?. 


Elliptic id P+ Q? +mr. 
Hyperbolic Paraboloid r*—q" + mk. 


The conditions under which {the several cases are produced are 
exhibited in the following table. Let 
Vi=ath+e 
¥,=be+ca+ ab—a?—b—c® 
--¥,=abe + 2a’b'e’—aa?— bb” — ce” 
¥ hag a’? + (ea—b”) b" + (ab—c) ¢ 
$2 Vd—aa’ Ve’ +2 (Ca! —W) ca" +2 (a’b'—ec’) ab 


v%, 
w= ¥, +f 
When v,=0, ¥, isa perfect square: if v, also=0, the three expressions 
ba®™—2¢'a"" + ab" ac ®—2QWe'a" +ca" obi"? — 2a'b"c" + be"® 
ac—@? f a= be= a? 
are all equal, Let either of them, with its changed, and increased 
by f, be called w’, Again, when any three of the six quantities 


be—a", ca—b?, ab—c® 
b’c’=aa’, ea'—bi', a’! —ec’ 


ania, the other three aleo vanish. Let these vanish, and also let @”, 


ees She proportion of a,c’, ’, or of e’,b, a’, or of b',a’,c. When 
this happens, the following 

or oe a 

So Bawit 


Se vibe, with its sign , and increased by f, be 
lows, in which p means of 


} and a supposition put in 


-| eireular sections become 


parentheses means that it is a necessary consequence of what precedes 
or is not independent. ‘ 
w || | Vo | We }%} Surface. 
p | p | | + | p Impossible. 
? n | + | n | Ellipsoid. 
p p ie | n Single Hyperboloid, | 
p | p et do. do. 
p n + p Double Hyperboloid. 
p n - do. do. 
2 (0) | +; Elliptic Paraboloid. 
2 (0) - Hyperbolic Paraboloid. 
0 Pp + p Point. 
0 Pp + n Cone. 
0 p do. 
Cb me. + p Impossible. } 
n__| Elliptic Cylinder. | 
-_ Hyperbolic Cylinder. 
2 (0) Parabolic Cylinder. 
2 hye} 9 + * | Straight Lines. 
0 } 0 - Interseetiig Planes. \ 
i p Pp Impossible. 
sf (0) Pp n | Parailel Planes. 
| D b \ Single Plane, 
! } 


For example, it is the condition of an ellipsoid that w and v, should 
be finite with different signs, that v, should be positive, and v, of the 
same sign as V,: it is the condition of intersecting planes that w should 
have the form 0+0, or that v, and v, should both vanish: that w’ 
should also vanish ; and that v, should be negative. It is the condition 
of a single hyperboloid, if v, be positive, that w and v, should both 
differ in sign from v,; but if v, be negative, it is enough that w and 
y, should have the same sign. All that precedes is equally true 
whether the co-ordinates be oblique or ; but the followi 
is only true for rectangular co-ordinates : if the surface be a strface of 
revolution, it is necessary that ; 

Ye—aa’ = ed’ —_a'b'—ee’ 
Ren ahh ce alin a 


The forms of the ellipsoid and of the two hyperboloids may best be 
eonceived by means of the particular cases in which they are surfaces 
of revolution. Let an ellipse revolve about one of its axes, and let all 
the circular sections be flattened into ellipses: the result will be an 
ellipsoid, derived from its particular case, the spheroid. Let an hyper- 
bola revolve about its minor axis; the two branches will generate only 
one branch of a surface: let the circular sections be fattened into 
ellipses, and the result is the single hyperboloid. Let the hyperbola 
revolve about its major axis: the two branches will generate two 
branches of a surface; and if the circular sections be flattened into 
ellipses, the result is the double hyperboloid. For the elliptic para- 
boloid, let a parabola revolve about its Hc 2 axis, and let the 

i The hyperbolic paraboloid has no 
surface of revolution among its-cases, but its form may be conceived 
as follows :—Let two parabolas have a common vertex, and let theit 
planes be at right angles to one another, being turned contrary ways. 
Let the one parabola then move over the other, always continuing 
parallel to its first position, and having its vertex constantly on the 
other : its are will then trace out an hyperbolic paraboloid. 

The ellipsoid and the two hyperboloids have ceritres, but neither of 
the paraboloids has one. The surfaces which have centres possess an 
infinite number of triple systems of diameters having properties corre- 
sponding to those of the conjugate diameters of an ellipse and hyper- 
bola. These we shall not describe, but shall proceed to point out how 
to determine the position of the centre and principal diameters or axes 
(that is, the system of conjugate diameters, each of which is at right 
angles to the other two) in either of the surfaces having a centre. 
Res the original equation, and the co-ordinates being supposed 


mined, They ate fractions whose denominator is —v,, and whose 
nuimerators are 
: (be—a”)a" + (a’b’— oc)" + a reed 
(ca—b)b" + (b’e’—aa')c" + (a'b’ +0c’)a" 
(ab—c'2)c" + (ca! —bb' a" + (b’c'—bb')b" ; 


and if the be removed to the centre, the axes retaining their 
original Sealed: the equation of the surface becomes 


ae? + by? + 022 + 2a'ye + 2b' xa + 2e'ay +w=0, 
where w is the expression already signified by that letter, and will be 
found to be also xa" + xb" +20" +f. 3 


Let the three prin axes now make angles with the axes of w, 7, 
and 2, as follows:—The first, angles whose cosines ate a, 8, y; the 


the co-ordinates of the centre, x, y, and Z, are thus deter- ; 


rx 
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second, es whose cosines are a’, 6’, 7’; the third, angles whose 
cosines are a", B", 7". The equation . 


v'—y r+ Vv v—v,=0 


has always three real roots; let them be a, a’,a". Then the directions 
of the principal axes are to be determined from 


be—a2—(b+e)a +4? 


a= —_ — —— 
(a—a’) (a—a") 
B= ca—U?—(c+a)a +a 
(a—a’) (A—a") 
. = ab—c?—(a + b)a +a3 


(a—a’) (aie) | 


To find a, &c., interchange a and «’ in the above; and to find a", 
&c., interchange a and a". The principal axes being thus determined, 
the equation to the surface, referred to the principal axes, is 


Ac+a'y?+a"2+w=0, 


a form which is felt considered in all paragasoig b works on the sub- 
ject, and from which the principal properties are derived. (‘ Algebraic 
Geometry,’ in the Library of Useful Knowledge.) 

For the proofs of the preceeding assertions, and their extension to 
oblique co-ordinates, see a *On the General Equation of Surfaces 
of the Second Degree,’ in the ‘Cambridge Philosophical Transactions,’ 
vol. v., part 1. Under the form of considering the surface of the 
second degree, we have in fact been treating the general properties of 
the equation of the second degree, with three variables, and have 
solved various other problems of metry and mechanics, The 
principles applied in this solution fae been generalised in a paper 
on ‘ Linear Transformations,’ by Mr. Boole. 
vol. iii., p. 1.) 

SURGEONS, COLLEGE OF. The present College of Surgeons of 
England had its origin in the Company of Barber-Surgeons, which 
was incorporated by royal charter in the first year of Edward IV. By 
this charter of 1 Edward IV., the barbers practising surgery in 
London, who had before associated themselves in a company, were 
legally incorporated as the Company of the Barbers in London. Their 
authority extended to the right of examining all instruments and 
remedies employed, and of bringing actions against whoever practised 
illegally and ignorantly; and none were allowed to practise who had 
not been previously admitted and judged competent by the masters of 
the cer. 

This was several times confirmed by succeeding kings, but in 
spite of it many persons practised surgery independently of the com- 
pany, and at length associated themselves as members of a separate 
ag and called themselves the surgeons of London, In the 8rd year 
of Henry VIII. it was enacted ‘‘that no person within the city of 
London, or within seven miles of the same, should take upon him to 
exercise or occupy as a physician or surgeon, except he be first 
examined, approved, and admitted by the bishop of London or by the 
dean of St. Paul's for the time being, calling to him four doctors of 
physic, and for surgery other expert persons in that faculty.” All who 
under this act obtained licence to practise were of course equally 
qualified, whether members of the company of barbers or not; and 
in the 32nd year of Henry VIII. the members of the latter company, 
and those who had incorporated themselves as the company of 
surgeons, were united in one company, “by the name of masters or 
prom of the mystery and commonalty of barbers and surgeons of 

mdon.” 

In the 18th year of George II. an act was passed by which the union 
of the barbers and surgeons was dissolved, and the surgeons were con- 
stituted a separate company; and in the 40th year of George III. a 
charter was granted by which it was confirmed in all the privile, 
which had been conferred upon it by the act of George IJ. By thi 
charter the title of the company was altered from that of the masters, 
governors, and commonalty of the Art and Science of Surgeons to that 
of the Royal College of Surgeons in London. Under this charter it 
was governed by a council or court of assistants, consisting of twenty- 
one members, of whom ten composed the court of examiners, Of 
these ten one was annually elected president, or principal master, and 
two were annually chosen vice-presidents or governors. By the bye- 
laws which the council were empowered by the charter to make, the 
members of the council were to be chosen for life from those members 
of the College whose practice was confined to surgery, and were to be 
elected by ballot ata meeting of the council. The examiners were 
generally chosen in order of seniority from the members of the council : 
the presidents and vice-presidents were chosen in rotation from the 
court of examiners, the president for the current year having been the 
senior vice-president during the past year. 

A new charte r was granted to the College of Surgeons in the 7th 
year of Victoria, by which it is declared, that the name of the college 
shall henceforth be The Royal College of Surgeons of England; and 
that a portion of the members of the said college shall be fellows 
thereof, by the name of The Fellows of the Royal College of Surgeons 
of England. The charter declares that the present president and two 


(‘Cambr. Math. Journ.,’ 


Vice-presidents and all other the present members of the council of the — 
said college, and also such other persons, not being less than 250 nor 
more than 300, and being members of the said college, as the council 
of the college, at any time before the expiration of three calendar 
months from the date of the charter, elect and declare to be 
fellows in manner by the charter directed; together with any such 
other ms as the council of the said college, after the expiration of 
the said three calendar months and within one year from the date of 
the charter, shall appoint in manner by the charter authorised, shall be 
fellows of the said college. But no person, except as hereinbefore 
named, is to become a fellow, unless he shall have attained the age of 
twenty-five years, and complied with such rules as the council of the 
college shall think fit, and by a bye-law or bye-laws direct; nor unless 
he shall have passed a special examination by the examiners of the said 
college. Every person admitted as a fellow, as last mentioned, is to 
become a member of the College by such admission, if he is not already 
a member, Henceforth, no member of the College, who is not a 
fellow, is to be eligible as a member of the council. There are also — 
(10) some other restrictions as to eligibility. The present members of 
the council are to continue life members as heretofore; and the — 
number of members of council is to be increased from twenty-one to 
twenty-four, and all future members are to be elective, and tu be 
elected periodically, in the manner prescribed by the charter (12) 
when the number of elective members of the council shall be com- 
pleted and made up to twenty-four. Three members shall go out 
annually, but they may be re-elected iinmediately. The members of 
council are to be elected by the fellows, including the members of the 
council as such, in the manner prescribed by the charter (15) ; and the 
election is to be by ballot (17). There are various special provisions as _ 
to the eligibility of fellows, for which we refer to the charter, There — 
are to be ten examiners of surgeons for the college, and the present 
examiners are to continue for life; and all future examiners are to be 
elected by the council, either from the members of the council, or 
from the other fellows of the college, or from both of them; and all 
future examiners of the college shall hold their office during the 
pleasure of the council. The charter contains other regulations, and 
confirms the powers of the college and the council, except so far as’ 
they are altered by the charter; and it declares that no bye-law or — 
ordinance hereafter to be made by the council shall be of any force 
until the crown shall have signified its approval thereof to the a 
under the hand of one of the principal secretaries of state, or other-— 
wise as in the charter stated (22). ‘The Bye-Laws and Ordinances of 
the Royal College of Surgeons of England” contain the ions as 
to the candidates for the fellowship (sect. 1), for the examination of 
candidates for the fellowship (2), admission of fellows (3), election of 
members of council (5), By section 1, it is required that every 
candidate for the fellowship, among other certificates, shall produce a 
certificate, satisfactory to the court of examiners, that he has attained 

a competent knowledge of the Greek, Latin, and French wges,and — 
of the elements of mathematics. The subjects of examination for the 
fellowship are Anatomy and Physiology on the first day, and Pathol 

and Therapeutics and Surgery on the second day. The examination is — 
to be by written answers to written or printed questions ; but any 
candidate may be interrogated by the examiners, on any matter con- 
nected with. the questions or answers. In the anatomical examination 
the candidate must also perform dissections and operations on the 
dead body in the presence of the examiners. 

By a recent bye-law members are eligible to the fellowship by 
election, Any member of the College, of fifteen ’ standing, who was 
a member on the 14th of September, 1843, desirous of admission to the 
fellowship otherwise than by examination, must sign a declaration of 
not selling or supplying drugs or medicines, which must be accom- — 
panied by a certificate recommending him to the fellowship, signed by 
six fellows of the college. The signing of the certificate is subject to 
some alterations for surgeons in the army and navy, and in the British 
colonies. 

Persons are admitted to examination for the membership of the 
College on producing certificates of being twenty-one years of age; of 
having been e four years in the acquirement of professional 
knowledge, and of having attended lectures on anatomy, surgery, and other 
branches of professional knowledge for four years; of having dissected 
and attended hospital practice during three winter and two summer 
sessions. 

The Nag eng for the diploma ey rr ob mshies into two 
parts, the first relating to anatomy and physiology, the second relating 
to pathology, su , and surgical anatomy. The latter examination 
is partly written and partly oral. The examination on anatomy is on 
the recently dissected«subject. Students who have com their | 
second session of anatomical studies are eligible for the 
first part of this examination. 

The College also gives an especial certificate of qualification for the — 
practice of midwifery. Members or fellows of the College previous to 
the Ist of January 1853, are eligible to this examination at once. 
Members or fellows admitted since 1853 have to produce a certificate of 
having attended at least twenty labours, Members of other Colleges of _ 
Surgeons, or graduates of universities, are also admitted to examination 
for this certificate, Persons not having any diploma, but producing 
evidence of having completed their professional education, and of 
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having attended one course of lectures on midwifery, and of havi 
attended thi fe 


thirty labours,’are also admitted to examination for 


the new medical act (21 & 22 Vict. c. 90, s. 48), it was enacted 
shall be lawful for her Majesty to grant to the Royal College 


The college has since ted a large number of certificates to 
alone. 


as 
tiates of the Royal College of Surgeons in Ireland, of the 
Royal Surgeons of Edinburgh, and of the Faculty of 
Physicians and Surgeons of G! w are admissible to the membership 
SE Arne pry eg A sp ing to ad eundem admissions. 
consists of the collection made by John 
ter, which was given in by government, who purchased it 
for 15,0001, and of sot ee itions made to it by donations of 
9 pare ee The parts of it which illustrate 
ee: “premnaget “6 morbid anatomy are probably the most 
— co! 


ions of the kind in Europe. [Hunrer, Joun, in Broc. 


ually by one of the members of the council or some 
other member selected by them. Twenty-four museum lectures are 
also, in compliance with the deed of trust, annually delivered by the 
Hunterian professor, the subjects of which must be illustrated by 
preparations from the Hunterian collection, and from the other con- 


or of others who have been distinguished in medical science, is 
delivered annually on the 14th of February, the anniversary of 
Hunter's birth. 


very extensive, and is open to all students, members 
10 till 4 o'clock. 

Abstracts of the several acts and charters relating to the College of 

may be found in Willeock, ‘On the Laws relating to the 

Medical Profession,’ London, 1830, 8yo, and in Paris and Fonblanque’s 

* Medical Jurisprudence,’ vol. iii. The bye-laws, the list of members, 

the catalogues of the museum and library, &c., are published by the 


OSORINAMINE, An alkaloid of unknown composition found in 
the bark of a plant of the genus Geoffrwa growing in Surinam and 
jamaica, 


SURNAME. [Nawe.] 

SURPLICE, the white dress worn by the ¢ in their acts of 
ministration, from the Latin superpelliceum. It differs from the albe 
in having wider sleeves, It appears to have been introduced in order 
to make a distinction between the dresses which the superior and 

inferior orders of the wore at the Liturgy; and from about 

tury the name acres introduced. During the 
ages, bi very frequently wore the surplice with a cope, 
the . (Bona, Rerum Litury., lib. i., cap, 24, 8. 20 ; 
"s Orig. Liturgicer, vol, ii.) 
RRENDER. “ Sursum redditio properly isa yielding up of an 

Sr life or youre tovhimn thet hath an immediate estate in rever- 
, wherein the estate for life or years may drown b 
agreement between them.” A surrender and a release 

of uni the particular estate with that in reversion 
remainder; but they differ in this, that whereas a release generally 
by the greater estate descending on the less, a surrender is 


i of surrenders: 1. A surrender at com- 

, which is surrender properly so called; 2, A surrender 

estates ; and, 3, A sur- 

render ir rly taken, as of a deed, a patent, of a rent newly created 
pec to the king. 

er at common law is of two sorts: 1. A surrender in 

or by words in writing, e: ing the intention of the owner of 


bal 


a 


rE 
' 
i 


not actual ; as if a lessee for life or years takes a new lease of the same 
continuance of his term, this will be a surrender in 


Riise off teme alse 
after iods 1 
which 


have not been subsequently dealt with, will be presumed to have been 
surrendered. 


pyholds, see CorpyHoLp, 
may be made of letters-patent and offices to the 
crown, to the intent that a fresh grant be may made of the same right; 
ee patent for years to the same person, for the 
same thing, causes a surrender in law of the first. 


SURROGATE, is, according to Cowell’s ‘ Interpreter, “one that is 
substituted or appointed in the room of another, most commonly of a 
bishop or a bishop’s chancellor,” f 

The qualifications required in a person appointed as surrogates are 
defined and enforced by the canons of 1603. He must be a grave 
minister and a graduate or a licensed preacher and beneficed, or a 
bachelor of law or a master of arts, well qualified from his religion and 
learning. , 

Surrogates being delegated officers, their jurisdiction of course 
depends upon that of the person for whom they act. The principal 
duty however of ecclesiastical surrogates may be stated to consist of 
taking affidavits in the ecclesiastical courts and granting marriage 
licences. The proper performance of these duties is guarded by 
particular enactments. By the 26 Geo. IL. c. 33, § 7, every surrogate 
deputed by any ecclesiastical judge who has power to grant licences of 
marriage is required, before granting any such licence, to take an oath 
before such judge and to give a bond of 100/. to the bishop of the 
diocese for the faithful execution of his office. ; 

Surrogates are also persons appointed to execute the offices of judges 
in the courts of Vice-Admiralty in the colonies, in the place of the 
regular judges of those courts. The acts of such surrogates have, by 
the 56 Geo. IIL., c. 82, the same effect and character as the acts of the 
regular judges. 

SURVEYING is the art of determining the form and dimensions 
of tracts of ground, the plans of towns and single houses, the courses 
of roads and rivers, with the boundaries of estates, fields, &e. A 
survey is accompanied by a representation on paper of all the above- 
mentioned objects, and frequently by a delineation of the slopes of the 
hills, as the whole would appear if ;projected on a horizontal plane. 
When canals or railways are to be executed, a survey of the ground is 
combined with the operations of levelling, in order to obtain, besides 
a horizontal plan, the forms of vertical sections of the ground along 
the proposed lines, and thus to ascertain the quantities of earth to be 
removed. 

In maritime surveying, the forms of coasts and harbours, the 
entrances of rivers, with the tions of islands, rocks, and shoals, are 
to be determined ; also the soundings or depths of water in as many 
different places as possible. 

ilitary surveying consists chiefly in representing on paper the 
features of a country, such as the roads, rivers, hills, and marshes, in 
order to ascertain the positions which may be occupied as fields of 
battle or as quarters; and the facilities which the country may afford 
for the march of troops or the passage of artillery stores. 

For trigonometrical surveying, see TRIGONOMETRY. 

Since the measurement of the distance between two objects by 
means of a rod or chain is very laborious and inaccurate when that dis- 
tance is considerable, particularly if the ground should have many 
inequalities of level, and be much intersected by walls, hedges, and 
streams of water, it will seldom be possible to execute even an ordinary 
survey by such means alone, and instruments for taking angles 
must be employed, together with the chain, in every operation of 


importance. e 

if within the tract to be surveyed there should be a road about 
half a mile in extent, and nearly straight and level, so that a line may 
be accurately measured upon it by the chain, and that from its extre- 
mities several remarkable objects, as churches or mills, may be seen, 
it will be, convenient to use such measured line as a base, and with a 
theodolite to observe the angles contained between the base and the 
lines joining the extremities to the different objects. The three angles 
of each triangle formed by such lines should if possible be observed, 
in order that by the agreement of their sum with 180° the accuracy of 
the angular measurements may be tested; and then the lengths of 
the sides of the triangles may be determined by the rules of plane 

mometry. 

fet AB represent a base so measured in a road; and let c, p, £, F 
be four remarkable objects within or near the boundaries of the tract 
to be surveyed; the distances ac, aD, &c,, BD, BC, &c., will be those 
which should be determined by computation. These lines may then 
serve as bases, and if from their extremities be taken the angles con- 
tained between them and lines supposed to connect them with any 
other objects, as houses or remarkable trees, the positions and distances 
of these objects may be determined by computation as before. Thus 
BO or BD will serve as a base by which the position of ¢ may be 
computed. 

It will obviously be advantageous if the lines supposed to connect the 
objects lie nearly parallel to the directions of roads, lanes, streams, or 
hedges, on account of the facility which will thereby be afforded for 
laying down such roads, &c.,on the plan. In order that it may be 
possible to place the theodolite at the angular points of the triangles, 
those points should not be precisely in the churches, mills, or other 
objects whose positions are to be determined, but should be indicated 
by poles set up near those objects, on spots of ground in such situa- 
tions that each may be visible from the two others which with it con- 
stitute the intended triangle. The place of the building may be 
ascertained by its bearing and distance from the pole in its vicinity. 
After as many stations as may be thought fit have been determined in 
the manner just described, and the lengths of the lines (that is, the 
sides of the triangles) connecting them have been computed, the 
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survey may be completed by actual admeasurements with the chain, in 


each le se ly. 
Poles having Reon oa up at the 


an points of 
surveyor and his assistant set out | 


any one of 


plan. Should it happen that the line 86, or any part of it, éoincide 
with the direction of a road, offsets, as they ate called, are meastired 
perpendicularly to the line, on one or both sides of it, in order to 
express the distance from the line to the sides of the road, or to the 
hedges or walls along those sides ; these offsets (which are shown at c, 
d, and e) should be measured at the end of every chain’s length, and 
[eetmneoh at every point in the station line opposite to which there 
is & ble object, as a house, a gate, or merely a bend in the 
direction of the road. Thus, wher the work is laid down on paper, the 
precise form and breadth of the road will be ex fs 

In like manner the other side, A ¢, of the triangle, is to be measured 
with the chain ; pickets are to be left in the ground at or near every 
place where a stream, as at h, a road, or a hedge crosses the side of the 
triangle ; and offsets, as at &, 1, m, are to be measured from the station 
line to and across such boundaries as may be nearly parallel to any 
part of its direction. The like process is to be followed on each side 
of every triangle ; the measured lengths of the sides of each triangle 
should then be compared with the computed lengths; and if the 
difference be not considerable, the work may be considered as having 
been performed with sufficient ; otherwise the operations 
must be repeated, in order that the source of the error may be 


a 
To carry on the work in the interior of any angle, as a Br, the 
surveyor, where it is pessible, measures with the chain the direct dis- 
tance from the pickets in one side of the triangle to the pickets in 
another side, as uv, pq ; and since these pickets are sit to have 
been placed near the intersections of bowndary-lines (roads, stredths, 
or hedges) with the sides of the triangle, the lines last measured will, 
at least in part of their length, coincide with or be parallel to some of 
the boundaries in the interior of the triangle; and the precise figures 
of such boundaries will be determined as before b: from the 
measured line to all the principal bends. The length of each of these 
secondary station lines may be obtained by trigonometry, since the line 
is the base of a triangle of which the two sides are known, 
being measured parts of two sides of the principal triangle, and the 
angle included between those sides has been found by the theodolite; 
therefore the measured length of this line, on being compared with 
will afford an additional test of the accuracy of 


rickets must, as before, be left in the ground in the direction of the 
ine, at or near 2 


diree- 


triangle will have been divided into several secondary 
all the sides of which have been measured. These sides, 
of the offsets which have beeti measured from them, deter- 
i figures of all the natural afid artificial boundaries within the 


ions of the buildings are also determined by offsets from 
lines nearest to them: the ground plans of the more con- 
edifices, as churches and mansions, are measured, and the 


B, roceeding across the measure the whole of 
one li asc, bert pickets in the ground in the ‘itection of 

triangle, the | line at or near every p 
ese points, as 


where it crosses a h ,as at aa 
as at 5, a road, or any other object which is to in 


directions of theit A inn with respect to the meridian are ascertained 
by a com or otherwise. 8 riety 
"When Heers or roads have many abrupt and deep bends, the deter- 
mination of their forms by means of offsets from the station-lines may 
become impracticable ; and then a separate survey of such details mv 
be made by means of the compass, the cireumferentor, ot the theod 
(Takoporité.] The same means must be employed fot the survey 
a sea-coast, when the operation is to be performed on land ; a 


and 
often be advantageous to detertnine in like manner the forms 
hedges, walls, &c., in the interior of the tract which is to be 
Ground covered with wood must be by going quite round i 
les beitig set up at remarkable bends on the contour, the 1ce 
i them are measured with the chain, and the ings of the 
several lines from the meridian are observed with the theodolite. 

In order to explain the process of surveying with the theodolite b 
the method which is commonly called that of the “ back-angle,” an 
which is now alinost constantly adopted, let it be required to J 
the outline HK cL BA, which may represent the contour of a wood 
of which part may coincide with the course of a road or river, 
instrument may be set up at H, which may be su; to be the 
station; and let the line ns at each of the stations Hn, K, 0, &¢., e 
sent the position of the needle or of the magnetic meridian at 
station: also let the instrument be adjusted so that the zero point o 
the horizontal limb may be under the point m (the north point 
the needle), or the zero of the ed in the compass-box may 
in coincidence ve St 4 ip at the arti ne a ae 

wi e telescope e object-glass 
bo k, and make the intersection of the fil re 
to coincide with the object at that station; then the index of the 
vernier will be at some graduation on the lower horizontal ¥ 
at 2, and the angle » HK is that which is observed; suppose it to 
54°, reckoning from the north towards the east, which angle is be on 
represented by N. 54° E. [N.B. Previously to the obj 
glass to K, it might have been directed to any other visible objects, 
as F or D, Whose positions it might be required to determine 
of their bearings from the meridian line. 

Let the theodolite be now removed to K, a staff being planted in 
the d at i: turn the whole instrument d on Mc 
axis (the index of the vernier remaining at the graduation N, 54° E.) 
till the object-glass of the telestope is to #, and Lt > 
section of the wires appears to coincide with the staff there. ‘if 
the former angle were correctly taken, and no movement of the hori- 
zontal plates on one another have taken place, the south point 8 of 
needle will lie over the zero of the graduations on the lower plate, or 
will coiticide with the zero of the d in the cory JOX ; 


and this Oetiiir tect en oe of 
g supposed , 


all the meridian lines %s, n8, 
with the telescope, till the 


another. 
Now turn the upper horizontal plate e P 
and the intersection of the 
there: the beayni 4 


object-glass of the latter is directed to ¢, 
ion KO having } 
to be at y, 


wires appears to coincide with the ob, 
and beyond #; and the index of the vernier being sup 


upper horizontal 
latter is directed 


- 


by means 


moving from the position K H to the 


t 
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the number of the these being read from s in the direction estimate it; and a plummet being suspended from that extremity, so 
sny, will be greater than 180: let it be 256 (or 180°+ 76°); in that | as to touch the ground vertically under it, the measurement thus 


1 
the o is N. 76° E., and it expresses the bearing of 
| And dbp oh meridian nxs, or from the meridiannus. If 
telescope in moving from K H should be directed to an object at E, 
index of the vernier being supposed to be at 2, the number 
of uation will be less than 180°: let it be 110 (or 180°—70°); 
in that case the observed angle is N. 70° W., and it expresses the bear- 


to o,a staff being left at x, and turn 
of the vernier remaining at N. 76° E., 
the telescope is directed to K, and the inter- 
section of the wires to coincide with the staff there; then the 
sandy Roky eal lie over the zero of the graduations. Now 
pper horizontal plate till the object-glass of the telescope is 
L, and the intersection of the wires appears to coincide with 
; then the telescope, in turning from the position c k 
ing over and beyond s, the number of the uation coin- 
with the index of the vernier will (reckoning from zero at n) be 
; let it be 133°: in that eo egtcd : e is 
. 47° E., and it expresses the bearing of the line cL 
meridian ncs or nus. If the telescope should not pass 
and should be in the position cr, for example, the number 
graduation, reckoned from n, will be greater than 180; let it be 
26°: in case the observed angle is 8, 26° W., or 
. 154° W., and it expresses the bearing of the line cr 
In this manner the process of the paver. 39 So 
till, having passed completely round 

returns to H, from whence it set out. 
As, from local attractions or other causes, the polarity of the needle 
a it be expected 
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series of operations will be obtained, 
Hu from the meridian line ns at the 
that is, the angle nau, be found to agree with the 

a from the meridian line nus at the first station 
agreement takes place the work is said to close 


a road or an enclosure, by following the course of the 
contour of the latter, may be performed by simply 
observing with a surveying-compass or a circumferentor the 
of the several station-lines from the magnetic meridian, and measuring 
Wee tenets; and one of these instruments is generally employed 

36 great accuracy is not required. 


The plane table, which is also occasionally employed for surveying 
ground, is a square board fitted upon a tripod-stand and furnished 
with compass, and with an alidade, or ruler ing “sights” at the 

Drawing-paper is made fast to the or table, and the 


set up at any of the ground which may be 

a pede Ay FC ha eat the paper to represent the 
The alidade is next turned about that point, so that the line of 
sights may be directed to any remarkable objects whose situations 

be determined, and lines are drawn by the edge of the ruler 
: then the distance from the instrument to 


of that object on the 
to that object, and fixed by 
so that its edges may be parallel to 
till the alidade placed on the line 
two objects of the paper is in a direction 
e instrument. In this ition, the 
about the point which represents the actual place 
, lines are drawn as before along the 
several objects which had been observed 
at the station; the intersections of these lines with the 
others will determine the places of the objects on the paper. 


t scale, the 


g 


The of every line which is to be measured must be obtained 
a Pain i to the horizon between its extremities; and 
; of this length is generally a work of considerable 


on account of the inequalities of the ground. 
WEEe Ge pecan resuied it vould be P that the 
direction of the to be measured should be indicated by pickets 
Planted at Intervals along it «cord may be stretched tight 
measurement may be ormed 


-rod 15 or 20 feet in | , which should 
Blase of each extremity of 


rod ining. arkad by ppt the cord. But when 
a 
f 


pon the 

into the ground, at the end of 
being taken up by the person who follows, the number 
serv show the number of chains in the 
the line measured. In pacending or Geasending any gentle 
of the ground, the chain should be held up at the lower end 
in a horizontal position, as nearly as the chain-holder can 


obtained is in Ie! sufficiently near the required horizontal length 
of the line. en the slope of the ground is too great to admit of 
this simple method being put in practice, the chain must be stretched 
on the ground, and then the angle at which it is inclined to the 
horizon being found by some instrument (a small spirit-level furnished 
with a graduated arc), the horizontal value of the chain’s length must 
be computed. And if, at the same time, the vertical height of one 
end of the chain above the other be also computed, there will be 
afforded sufficient data for determining on paper the form of a vertical 
section of the ground in the direction of the measured line. 

Where the rise or fall of the ground is considerable, the operation 
will be most conveniently and accurately performed by the use of a 
theodolite ; for this purpose pickets should be set up in the ground, in 
the direction of the line to be measured, at every place where a change 
occurs in the inclination of the ground to the horizon, and marks made 
on them at heights above the ground equal to that of the telescope 
belonging to the theodolite ; then, while the chainmen are employed 
in measuring the length of the line on the ground, the surveyor takes 
the angular elevations or depressions of the marks on the pickets, with 
respect to the horizon. From the data thus obtained the horizontal 
distances between points of eae and the positions of the points 
above or below any assumed horizontal plane, can be computed. In 
order to save the trouble of making trigonometrical computations, the 
vertical arch of the theodolite usually carries two series of graduations, 
from which, by inspection, when the telescope is directed to an object, 
the portion of the measured line which should be subtracted from it 
in order to reduce it to the corresponding horizontal length may be 
found ; and also the portion of that horizontal length to which the 
vertical height or depression is equal. 

This method may be conveniently put in practice when it is required 
to exhibit sections of the ground, for the purpose of guiding the civil 
engineer in the choice of a line for a road or canal; the great accuracy 
with which the section might be determined by a spirit-level not being 
requisite. It is now the Pos to represent on a plan of the ground 
a vertical section in the direction of a proposed line of road, for the 
purpose of showing the depths to which the excavations are to be 
carried, and the heights to which the embankments are to be raised ; 
a strong line, as a’, 6’, d’, representing the surface of the proposed 
road; on one side of this line, as at a’, d", are shown the profiles of 
the requisite excavation ; and on the other side, as at b”, are shown the 
profiles of the embankments: both the heights and depths being deter- 
mined with relation to the surface of the road. This method was first 
proposed by Mr. Macneil. 

The principal and secondary station-lines constitute a triangulation 
on the plan of the ground; and when the lengths of these lines have 
been ascertained by admeasurement, the superficies of the whole track 
may be found by the rules of mensuration. The area of each triangle 
should be calculated separately from the measured lengths of the lines, 
and the several results added together, if all the triangles lie within 
the given bonndaries of the tract; should any of them lie on the 
exterior of the boundary, the areas must of course be subtracted. 
But as the boundaries of the several fields, &c., seldom coincide exactly 
with the station-lines, offsets must have been measured from every 
such line to each remarkable bend in the nearest boundary; and 
between the station-line, the boundary, and every two offsets from the 
former, there exists a small tra; id, whose area must be computed 

tely, and either sui from or added to the areas of the 
les formed by the measured station-lines, according as it lies 
within or on the exterior of these triangles, 

The accurate method just described is not always put in practice by 
surveyors. When the boundaries of a field or tract of ground have 
numerous small bends, a straight line is sometimes drawn through 

rtions of the boundary in such a manner that the small areas on 
the exterior of the line be equal to those which fall in the interior, 
this equality being estimated by the eye: the complex figure of the 
contour line is thus reduced to one more simple ; ant the area of the 
field or tract is then computed. For this purpose either the plan is 
divided at two = more bin oy or by iM stirion sonetzneaae 
the whole irregular re is reduced to one ti e of equal magnitude, 
and in either case the lengths of the sides are measured by the scale 
of the plan. 

When a road, river, or any boundary-line is surveyed with the 
theodolite and chain, the successive cpereacns are registered in a book 
sppording to a particular form, by which a person without any know- 
ledge of the ground may be enabled with facility to lay the work 
down on r. This is called the ‘ Field-Book, and the manner of 
entering in it the series of operations will be best explained by means 
of an example. Let a, Q, R, D, be the principal-bends in the direction 
of a road, and the stations at which, in succession, the theodolite is 
placed for the purpose of observing the bearings of the several lines 
GQ,QR, and RD, from the magnetic meridian passing through the 
first station G. : 

At a let the bearing of the object, or mark set up at Q, be observed ; 
let the line @ Q be measured with the chain, and let offsets be measured 
perpendicularly to that line up to any remarkable points near it. At 
Q let the bearing of a staff at R be observed; also let the length of 
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QR, and of several offsets from it at remarkable points towards the 
right and left hand alo ge p2 of the road, be measured, Again 
at m let the bearing of the staff at p be observed ; let also the length 
of np, and of various offsets along that line, be measured; and 
let it be supposed that the like process is continued as far as may be 


uired. 
ach page of the field-book is then divided, as below, into three 
columns by two parallel lines drawn down the page: and beginning at 
the bottom of the column, the several bearings of objects, the lengths 
of the station-lines, and the several offsets from those lines are inserted, 
in order, ascending towards the of the page, the offsets being placed 
on the right or left hand of the middle column, conformably to their 
positions with respect to the station-line to which they belong. And 
it is on this account that the several entries are made in succession 
from the bottom upwards. The distances in the middle column 
between the stations G and Q are reckoned from G; those between Q 
and R are reckoned from Q, and so on, each number in that column 
expressing the distance up to the in the station-line where the 
offset whose length is given immediately on the right or left hand of 
the number was taken. When it is required to determine by observed 
hao, mbar position of any object, as x, ata distance from the road, 
those ings are also inserted in the field-book at the stations, as Q 
and Rr, where they were observed, and immediately under the bearing 
of the next forward station. The mark © is usually put to signify 
the word “ station.” 
Form or 1He Frecp-Boox. 


© |4, 600 at D, near the bridge, 
30 500 10 
45 0 300 
40 10 200 
45 5 100 40 to a tree, 
40 0 45 to a gate. 
N. 40° E. © 4(D) 
House X, 8. 31° W. 
at © 3 (R) 
© 3, 500 two roads unite, 
35 400 15 
| 42 300 10 
To a house 30 200 15 
25 100 15 
30 0 25 
| N. 30°20’ W. | © 3 (R) 
House X. |} N,. 82? Ww. 
| at © 2(Q) 
@\% 350 
12 | 300 40 
20 | 200 32 
To hedge by roadside 15 } 100 30 
To a cottage 10} 20 50 to side of road. 
0 60 ‘to the river. 
N. 7° EB. 
at © 1 (G) near the bridge. 


The term “ plotting” is applied to the process of laying down on 
paper the plan of the ground which has been surveyed. If the survey 
been performed by the chain only, the several station-lines consti- 
tute the sides of triangles extending over the whole of the ground; the 
lengths of those sides are determined by admeasurement, and in places 
where they do not coincide with the roads, hedges, &c., offsets are 
measured Hees the sides to the principal bends in those boundaries. 
In order to “plot” the survey in this case, a proper scale of gradua- 
tions, usually representing “ chains” and “ links,” is chosen, and the 
length of one of the station-lines taken from the scale being laid down 
on the paper as a base, from the two extremities of it as centres, with 
distances (taken from the scale) equal to the measured lengths of the 
two sides, which with the base form the first triangle, ares are de- 
scribed to intersect one another; this intersection being joined to the 
extremities of the base by lines, the first triangle is constructed. Each 
side of this triangle is then used as a base on which another triangle is 
constructed with lines taken from the scale equal to the measured 
lengths of the sides, and so on. After the triangulation is thus formed, 
the offsets are laid down from them. This part of the process is accom- 
plished by setting out with com upon each station-line, from one 
of its extremities, the several distances (taken from the scale) of the 
ints at which the offsets were measured, drawing lines perpendicu- 
ly to the station-line at these points, and on them placing, from the 
e, the measured 1 of the offsets : lines joining the extremities 
of these offset lines, either drawn by hand or with a ruler, wili repre- 
sent the lines of roads, the boundaries of fields, and the like. In order 
to facilitate the operation of laying down the offsets from the station- 
lines, the surveyor is usually ple. with ivory scales graduated to 
represent chains and links on the edges; by laying an edge of such 
scale along the station-line, with the zero of the graduations at one end, 
the several distances of the offset-lines from that extremity can be 
marked on the line in succession ; the scale may then be applied to 
each offset-line, and the measured extent marked by means of the 
graduations, 


But plotting scales are frequently made with graduations along the 

edges, and with a short scale, also graduated on an edge, which is 

posed at right angles to the length of the ok wets scale, and is capable 
y having one of its extremi- 


aredenon which denotes the place of the offset, ani 
tter is then marked by the graduations on the perpen- 


station-line, the zero of the graduations on the scalemay 
be at some distance from the edge of the fecal aa scale, which is then 


displacing the principal scale. To find a convenient scale for plotting a 
prior ah and breadth of the whole may be prod approxi- 
matively in order to ascertain the number of chains in such length or 
breadth, and then the dimensions of the paper in inches being known, _ 
the number of chains in each inch may formed roportion, 
Plans of estates are usually made from scales of 2, 3, or chain in an 
inch, and the linear dimensions, on a plan made from a scale of 3 chains 
in an inch, are equal to s4yq of the actual dimensions on the ground. _ 
In important surveys, where the process consists in measuring a 
base-line, and o ing with a theodolite the three every 


of a 
triangle, the base is laid down on the paper from some scale as ; 
and at each of its extremities all the angles contained between th 


tractor. If ay of these lines should have been measured by the 

on the ground, the eonstruction of the triangles by means of 

angles may be verified by measuring the leogtta 

scale by which the base-line was laid down, Offsets may also be laid _ 

down as already described. ah 
But the practice in ordi surveys is to observe by the “ back 

angle,” as before described, the bearings which the different station- 


lines make with the meridian-line passing through one of the stations, 


and to measure with the chain the yon of each station-line, These 
bearings and lengths, together with the offsets, are registered in 


the | 
field-book, and they are generally transferred to the paper in the fol- 
lowing manner :— a 
A line, as N's, is drawn in any convenient part of the paper, gene- 
rally in a direction parallel to the right and left sides, to represent the 
magnetic meridian; and any point z is chosen in it, at which the 
centre of the protractor is placed. Then the bearings, or angles made 
with the magnetic meridian by the different station-lines, H K, K 0, CL, 
&e., are set out by the graduations of the protractor about the point so _ 
chosen, and lines, as z 1, z 2, z 8, &c., are drawn from this point ugh 
the mark made on the paper on setting out each angle. These lines 
are so numbered in order to indicate the particular station at which 
each angle was observed. Then if the assumed point z on the meridian- 
line should be the place of the first station, the first line so drawn is 
the direction of the first station-line ; but if the assumed point is 
the first station, the ay of this first station must be chosen 
ine drawn through it, parallel to z 1, will be 
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out its length 
station. ugh K a line is to be drawn parallel to z 2, and this 


be set out as before. This P inne is to be continued till all 
station-lines have been laid down; when, if the survey should ¢ 
been carried round the boundaries of a tract of ground, the second — 
extremity of the last station-line will, provided the operations have — 
been accurately ormed, coincide with u, the place of the first — 
station. From these lines the offsets must be set out as before 
described. 

In order to set out the allotments of land in countries which, like 
some parts of North America, are covered with wood, the surveyor 
determines on the ground the position of a boundary-line comprehend- 
ing an area of a square form, each side of which is six or eight miles in 
length. One of these spaces, which constitutes a township, is been 
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divided into squares of one mile on each side; and again, these 
divided into squares of half or a quarter of a mile on side, 
The boundary-line of the to’ ip is determined by measuring with 
a chain a base-line six or eight miles in length, gaiedlly along one side — 
of a square already marked out for some previous to 3 and at 
each pair of this line carrying out one of equal ler perpen- — 
dicularly to the base, A line joining the ties of the | 


mag- 
netic rheridian being ascertained from the position of the base, and the 
instrument being set up at one extremity of that line, the line of the 


~ 
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turned so as to make with the needle of the compass an angle 
that bearing; then the surveyor, looking in the direction of 
sights, ebserves some remarkable tree, and causes the distance from 
ion to that tree to be measured, small trees, if such there be 
himself and the object, being cut down. Notches are cut in 
i that it may be distinguished from the others, and the 
is removed to the opposite side of the tree. The line of 
then turned so as to make the given angle with the 
distance of the station to the next remarkable tree in 
This is continued to the extre- 
be set out, and strong stakes are planted 
mile, and quarter mile on the line. From 


division and subdivision are carried out in a 


F 


are contiguous to a road, or the bank of a river, 
front is measured along the road or river, and the boundary- 
are carried out, perpendicularly to the front, as far as may be 


Senay in order to comprehend between them the intended area. 
VIVORSHIP. A question of life contingencies is said to be 


110; ently the chance of 25 surviving 65 is 1—‘110 or ‘890 ; 
and it is 890 to 110, or about 8 to 1, that of two persons aged’ 65 and 
95, the elder shall die first. 


| | Chance of | Chance of 
Elder. Younger. elder surviving Elder. | Younger.|elder surviving 
| younger, younger, 
15 5 +400 | 85 35 +094 
20 10 | +383 90 60 +113 
25 5 | *38) 95 65 “147 
20 2 | +375 - 
| 35 ai ty ars Te ae ‘177 
40 30 | “366 } so | 20 “146 
/ 45 $3. | +360 | 55 15 +135 
50 49 *350 60 20 *119 
55 46 +329 1 6s | 3 “110 
60 50 °815 | 70 30 “097 
65 || «O85 *323 7s | 35 “O81 
70 60 +322 |} so | 40 075 
75 65 +303 85 45 +059 
80 70 +320 90 50 *052 
85 75 +332 95 55 078 
90 80 +329 
95 85 "462 55 5 +125 
60 10 “col 
2s 5 *307 65 | 15 085 
30 10 “283 70 «=| 20 071 
35 15 +279 | aT ee ee 061 
40 20 +270 |} 80 30 +056 
45 25 +263 85 35 +046 
50 30 *251 90 40 “O44 
55 35 +231 95 45 049 
60 40 “212 
65 45 194 | 65 5 “086 | 
70 50 ‘177 |} 70 10 054 
75 55 "177 75 15 +048 
80 60 +190 80 20 “040 
6s | CGS “174 |} 85 25 +034 
so | 70 191 | 90 30 +033 
% | 75 *300 95 35 039 
35 5 *235 |) 73 5 “057 } 
40 10 207 80 10 +028 Ne 
45 is | *202 | 85 15 024 | 
50 20 | “189. |} 90 * 20 “012 | 
55 25 ‘174 / 95 25 +029 
60 30 +158 
65 35 “143 85 | 5 +040 
70 40 126 900 | 10 O17 
75 45 | “104 95 15 | +023 
80 50 | +093 | | ; 
} 95 | 6 | ce 
SURVIVORSHIP. [Joint Tewancy.] 


SUSPENSION is a term used in law when a seignory, rent or other 
profit out of land, by reason of the unity of possession of the seignory, 
rent, &c., and of the land out of which they issue, are not in ease for a 

ARTS AND SOL. DIV. VOL. VII. 


time, but may be revived or awaked. It differs from extinguishment, 

which is when the rent, &c., is gone for ever by reason of the estate in 

pers oe being coextensive with that in the rent, &e. (Co. Litt., 
2 a . 

SUSPENSION BRIDGE. [Briwcr, 

SUSPENSION, CENTRE OF. [Centre col. 734.] 

SUSPENSION, ECCLESIASTICAL, is a mode of censure or 
secondary punishment inflicted by the church on persons guilty of 
those minor offences which do not deserve the severer penalties of 
deprivation or excommunication. “In the laws of the church,” says 
Bishop Gibson, “we read of two sorts of suspension—one relating 
solely to the clergy, the other extending also to the laity.” 

s That which relates solely to the clergy is suspension ab officio et 

beneficio (that is, the duties and income of his office) jointly, or ab 
aficio or beneficio singly, and may be called a temporary degradation or 
deprivation, or both.” ‘The other, which relates to the laity also, is 
suspension, ab ingressu ecclesiw (that is, from entering the church), or 
from the hearing of divine service and receiving the holy sacrament, 
which may therefore be called a temporary excommunication.” , He also 
observes that the two sorts of suspension agree in this, that both are 
inflicted for crimes of an inferior nature ; that both, in practice at least, 
are temporary; and lastly, both, if unduly performed, are attended 
with further penalties. (See Gibs., ‘Cod.,’ tit. xlvi., cap. 3.) 
: In the Roman Catholic Church various kinds of suspension were 
inflicted for a great variety of offences. A few may be mentioned to 
illustrate the nature of this punishment. A bishop might be suspen- 
ded from wearing the sacred vestments of his order, or from exercising 
his power of collating, instituting, or presenting to livings, or from the 
exercise of his jurisdiction, or from his office and benefice, or even 
from entering the church. These various species of punishment were 
inflicted for such offences as delaying to consecrate a church after 
proper application, not punishing concubinary priests, or corrupt and 
irregular practices in instituting persons to ecclesiastical preferments. 
The inferior orders of the clergy and other religious persons might be 
suspended from their office or benefice, or from performing service, or 
from receiving the sacrament, or from entering the church. The 
offences so punished were delay or irregularity in the performance of 
their duties, not wearing a proper dress, violating the rules of their 
order with respect to eating and drinking, neglecting to receive the 
sacrament at Easter, or extortion. 

Suspension was either imposed by sentence after trial, in which case 
it must have been preceded by admonition, or was ipso facto upon the 
perpetration of certain crimes. (Gibs., ‘ Cod.,’ whi supra.) 

Suspension has been retained as a mode of punishment in the 
English church, By the 33rd canon of 1603,a bishop ordaining a 
person who has not a proper title, and refusing to maintain him till he 
prefer him to some ecclesiastical living, is to he suspended from giving 
orders during one year: by the 35th canon, a bishop admitting to 
sacred orders any one not properly qualified is to be suspended from 
making either deacons or priests during two years; and by the 36th 
canon, a bishop ordaining any one who has not subscribed in the 
manner Sa ta by that canon is to be suspended from giving orders 
during twelve months. ; 

It is also declared by the 68th canon that a minister refusing to 
christen or to bury shall, except under circumstances particularly 
specified by the canon, be suspended by the bishop of his diocese from 
his ministry by the space of sean months, 

The aboye are the principal cases in which suspension still exists as 
a form of punishment in the church of England. . With respect to the 
laity, this censure is now entirely disused. 

SUTTEE (Sati, from the Sanskrit sat, good) properly means a chaste 
and virtuous wife, and in ordinary use is applied to one who burns 
herself on her husband’s funeral pile. The term has been employed 
by Europeans to denote the act of self-immolation as practised by 
Hindu widows. When this practice was first introduced cannot be 
determined with any degree of certainty : it is described by the Greek 
writers of the of Alexander, and by Mohammedan and Christian 
travellers of the 16th and 17th centuries. Diodorus (xix. 33) gives an 
instance of a suttee which occurred in the army of Eumenes upwards 
of 300 years before the Christian era; and he ascribes the zeal for this 
kind of self-sacrifice, in most instances, to the infamy which attached 
to those widows who refused to conform to the custom. This is also 
the view taken by our missionaries ; but as Elphinstone (‘History of 
India,’ i.) justly observes, if the motive were one of so general an 
influence, the practice would scarcely be so rare. It is not improbable 
that the doctrine of transmigration generally held throughout India may 
have had some influence in the establishment of the custom of the suttee. 
A widow, by burning herself with the corpse of her husband, was to 
be immediately released from further migration, and enter at once on 
the enjoyments of Heaven, to which by this act she would also entitle 
the deceased. Again, oskes the hope of meeting the departed in the 
Swarga (Sahagamana) would be sufficient to induce a faithful wife to 
sacrifice herself. But, however ancient, there are in fact no authentic 
ancient writings of India, whether legal or religious, which make any 
mention of it. It is certain that Manu, in his directions to Hindu 
widows (book v.), does not even allude to it. It cannot be denied, 
however, that some good Indian authorities recommend the practice, 


but by no means command it. According to a summary gt the law 
Pe 


, col. 354, &e.] 
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and custom of Hindu castes, compiled by Arthur Steele, and printed at 
Bombay by order of the governor in 1827, the most virtuous mode of 
becoming a suttee is to die of affliction and grief on the husband's 
death. The usual practice, indeed, is self-immolation on the husband's 
funeral pile; but the many cases under which a widow is excused 
becoming a suttee, strongly support the supposition that none of the 
Hindu law-books imperatively command it, The success which has 
attended the attempts of the British government to abolish the suttee, 
is a sufficient proof that the natives themselves were not so averse to 
its suppression as had been expected. In 1526 the government 
declared the burning of a widow without the body of the deceased 
(anwmarana), and under various other specified circumstances, illegal ; 
and all persons, whether relations or others, aiding or abetting in such 
an act, either before or after the death of the husband, were to be 
committed for trial at the circuit courts, and were made liable to the 
punishments for murder and homicide. It was, however, not until 
1829 that a regulation was passed, on the 14th December, by the 
governor-general, Lord W. Bentinck, in council, declaring the practice 
of suttee, or of burning or burying alive the widows of Hindus, with 
or without the body of the deceased (anumarana or sahamarana), to 
be illegal and punishable by the criminal courts. The practice is still 
retained in some of the independent governments of India, but is much 
less prevalent since its abolition in the English territories. 

The mode of burning was the same throughout India, varying only 
according to the rank of the deceased or the province where it was per- 
formed. The accounts of all Eastern travellers abound with instances 
of suttees : it will be sufficient here to give a short sketch of the cere. 
mony. ‘The husband is directed by the physician, when there are no 
hopes of his recovery, to be carried to the river side, and the wife then 
breaks a small branch from the mango-tree, takes it with her, and 
proceeds to the body, where she sits down. The barber paints the 
sides of her feet red, after which she bathes, and puts on new clothes. 
During these preparations the drum beats a certain sound, by which it 
is known that a widow is about to be burnt with the corpse of her 
husband. On hearing this, all the village assembles. The son, or, if 
there be no son, a relation, or the head man of the village, provides 
the articles necessary for the ceremony. A hole is dug in the ground, 
round which stakes are driven into the earth, and thick green stakes 
laid across to form a kind of bed, upon which are laid abundance of 
dry faggots, hemp, clarified butter, and other combustibles. The 
widow now presents her ornaments to her friends, ties some red cotton 
on both wrists, puts two new combs in her hair, paints her forehead, 
and puts some parched rice and cowries into the end of the cloth which 
she wears. While this is going forward, the dead body is anointed 
with clarified butter and bathed, prayers are repeated over it, and it is 
dressed in new clothes. Ropes and another piece of cloth are spread 
upon the pile. The widow walks seven times round the funeral pile, 
strewing parched rice and cowries, and then she ascends the pile, or 
rather throws herself upon it. 

(Ward's Hindoos, ii. 90; Elphinstone, History of India ; Parlia- 
parma Papers on Suttee; Sir John Malcolm’s Memoir of Central 

india.) 

SUTURE, in Surgery, is the method of sewing together the edges 
of wounds ; and the term is also applied to the threads with which the 
operation is effected. 

The only wounds in which the application of sutures can be bene- 
ficial are those of which the edges, if held together, are likely to unite. 
They are therefore improper in all contused wounds, in the majority 
of lacerations, and in Shand wounds which extend so deep that, though 
the superficial parts might be brought together, the deep ones would 
remain open. But in cleanly-cut wounds, whose edges can be placed 
and kept in contact without any painful stretching of the parts adjacent 
to them, sutures are, if applied with proper cautions, by far the most 
convenient and secure method of obtaining a speedy reunion. 

The necessary cautions are, that they should not be allowed to 
remain in the wound till they excite acute inflammation, and that if 
from any cause the wound become inflamed, they should be at once 
removed. In general, thirty-six hours are sufficient for a wound 
through the skin and the superficial parts to unite so far that it does 
not need sutures to keep its edges in contact. After this time, there- 
fore, the sutures should be removed; and in cases of deeper wounds, 
and of amputations, it will not be necessary to retain them more than 
twenty-four hours longer. 

The several kinds of suture employed in surgery are named the 
interrupted, the uninterrupted, and the twisted. In the first, the 
edges of the wound, having been duly cleaned, are brought together 
by several single stitches placed an inch or more part. A threaded 
curved needle is passed through the skin from one side of the wound 
to the other, so as to include about one-third of an inch of healthy 
skin on each side of it, and then, the needle being cut off, the two ends 
of the thread are tied pretty firmly in a double knot over the line of 
the wound. This is repeated as many times as the length of the 
wound.requires, and the spaces between the successive sutures, where 
the edges of the wound usually gape a little, may be held together by 
aticking-plaster. The latter alone will suffice when the sutures are 
removed, ; 

In the uninterrupted or glover’s suture, a single thread is carried 
alternately from one side to the other along the whole length of the 


wound, the needle being in each stitch passed from the border of the 
wound towards the adjacent healthy skin. There are only two kinds 
of cases in which this mode of suture can be use employed, 
namely—first, in certain wounds of the stomach and intestines, when 
those o are to be returned te he abdomen, oe it 8 a t 
highest importance that every part of the opening into them should 
closed, so that their contents may not escape; and secondly, in ordinary 
cuts of the palm of the hand or the fingers, where, the cuticle being 
thick, the uninterrupted suture may be made without pain. 

The twisted suture is employed for wounds in those parts of the 
skin which are yery loose, and in which it is desirable to obtain a very 
exact union by the first intention, such as the lips, the eye-lids, the 
cheeks, &c. Instead of threads, one or more pins are across t 
wound and through the adjacent skin; and the edges of the former 
being brought together, are retained in their places by coils of silk 
wound like the figure 8 upon the projecting ends of the pins, This is — 
a} mode of suture commonly employed after the operation for hare-lip, 

Hane-Lir, 

With all a of sutures it is of the highest importance that the 

dressings over them should be very light and cool. It is probably 


owing to the neglect of this caution, and of that already given 
have been led to regard sutures as more mischievous than benefic 


ing the time during which they should be retained, that some 


ascribing to them the injuries produced by the injudicious ment 


of other parts of the treatment. dé 7 
SWAN. In England the swan is said to be a bird royal, in which — 

when at large in a public river or creek, no subject can have prop: 

except by grant from the crown, In ae 9 

grants aswan-mark (cygninota), for a game of swans, called in law Latin 


deductus (a pastime, un déduit) cygnorum, sometimes volatus cygnorum, 


(7 Coke’s ‘Rep.,’ 17.) In the reign of Elizabeth, upwards of 900 — 
corporations and individuals had their distinct swan-marks, some of 
which may be seen in Yarrell’s ‘British Birds,’ vol. iii., 121, &e. : 

Sometimes, though rarely, the crown, instead of granting a swan- 
mark, confers the still greater privilege of enjoying the pRat 
tight (within a certain district) of seizing white swans Briphive s+ y 
Thus the abbot of aprnad @ | in Dorsetshire had a 
swans in the estuary formed 


ciercas 
y the Isle of Portland and the Ches 

Bank. The swannery at Abbotsbury is the largest in the kingdom; 
though formerly considerably more extensive, it still numbers ‘ 
hundreds of these birds. It is now vested in the earl of Ichester, to 
whose ancestor it was granted on the dissolution of the monasteries. _ 
(7 Co. ‘ Rep., 17; Hutchins, ‘ Dorset,’ i. 538.) “ 

The privilege of having a swan-mark, or game of swaus, is a free- 
hold of inheritance, and may be granted over. But by 22 Edw, IV., 
c. 6, no person, other than the king’s sons, shall have a swan-mark, or 
game of swans, unless he have freehold lands or tenements of the clear 
yearly value of five marks (3. 6s. 8d.), on pain of forfeiture of the 
swans, one moiety to the king, and the other to any qualified person 
who makes the seizure. In the first year of Richard III. the inhabi- 
tants of Crowland in Lincolnshire were exempted from the oj ion 
of this act upon their petition setting forth that their town stood “all — 
in marsh and fen,” and that they had great games of swans, “ & 
which the greatest part of their relief and living had been sustained. 

(6 § Rot. Parl.,’ 260.) J 

Two of the London Companies have games of swans, the Dyers’ and 
the Vintners’ Company, and are, with the crown, the principal owners 
of swans in the Thames. The swan-mark of the Dyers’ Company is a 
notch, called a “nick,” on one side of the beak. The swans of the 
Vintners’ Company, being notched or nicked on each side of the beak, — 
are called “swans with two nicks,” whence by corruption the term 
which has been long used as a sign by one of the large inns in London, 
“ swan with two necks.” 

On the first Monday in August in every year the swan-markers of 
the crown and the two Companies of the city of London used to go up 
the river for the purpose of inspecting and taking an account of the — 
swans belonging to their respective employers, and marking the young 
birds. In ancient documents this annual expedition is called swan- _ 
upping, and the persons employed are denominated swan-wppers. 
These are still the designations used amongst the initiated, though 
popularly corrupted into swan-hopping and swan-hoppers. 

The king had formerly a swanherd (magister deductus cygnorum, — 
‘Rot. Parl,,’ 16 R. IL; 4 ‘Inst.’ 280) not only on the Thames (6‘ Rot. 
Parl.,’ 1 H. VIL, fo. 859), but in several other parts of the kingdom — 
(‘ Abb, Rot, Original.,’ 266 b; ‘ Cal, Rot. Pat.,’ 174 a). 

Stealing swans marked and pinioned, or unmarked, if kept in a mote, 
pond, or private river, and reduced to tameness, is felony, y 
‘ Pleas of the Crown,’ 68.) Stealing swans not so marked or so kept, 
or so pursued, is merely a trespass or misdemeanor. (Dalton’s 
‘ Justice,’ c. 156.) j 

Under the 11 Henry VIL., c. 17, stealing the eggs of swans out of — 
their nests was punished by imprisonment for a year, and a fine at the — 
king’s pleasure, But this enactment was superseded by the 1 Jac. L., 
c. 27, § 2, which declares that every person taking eggs of swans out of © 
their nests, or wilfully breaking or spoiling them, may upon conviction — 
before two justices be committed to jail for three months, unless he 
pay to the churchwardens for the use of the poor 20s. for every egg; 
or, after one month of his commitment, become bound, with ea 


this privilege the crown 
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sureties in 20. a-piece, never to offend again in like manner, 
*Calend. Rot. Pat., 153 b, 165 b, 166 a, 168 a. 

H IV.,¢. 21, which directs that no lord shall give any 
any knight, esquire, or yeoman, contains a proviso, 
prince may give his honourable livery of the Swan to his lords, 
and to gentlemen his menials. (3 ‘ Rot. Parl.’ 478 a.) 

(See Blomfield’s Norfolk; Kemp's Losely MSS. ; Archeologia, vol. 
xvi. ; Colonel Hawker.) © 

SWEARING, a profane use of the name of the Deity. By the 
109th canon, churchwardens are to present those who offend their 
brethren by swearing, and notorious offenders are not to be admitted 
to communion until they are reformed. Profane cursing and swearing 
were first made an offence ible by law by 20 J. L., c. 21 (con- 
tinued by 3 Ch. L., c. 4; 16 Ch. L, c. 4; and 6 & 7 W. IIL, c. 11). 
By the 19 G. II. e, 21, it is recited that these vices were become so 
frequent, that “unless speedily and effectually punished, they may 
justly provoke the divine vengeance to increase the many calamities 
these nations now labour under,” and the statute accordingly enacts 
that if any person shall profanely curse or swear, and be convicted 
thereof on confession, or on the oath of one witness, before any magis- 
trate, be shall forfeit, if a day-labourer, common soldier, sailor, or sea- 
man, Is. ; if any other person under the degree of gentleman, 2s. ; if of 
above the degree of a géntleman, 5s.; for every second conviction 
double, and for every third and subsequent conviction treble. The 
penalties are to go to the poor of the parish. If the offence is com- 
mitted in the i of the magistrate, he may convict without 
further proof. Parties who do not pay the ‘penalties and costs may be 
and kept to hard labour ten days for the penalties, and six 
for the . Magistrates and constables are liable to 
they wilfully omit to do their duty under the act. No 

can be pended except within eight days after he has com- 
mnitted the offence. 

SWEATING-SICKNESS. Ephemera Sudatoria, Ephemera Maliqna, 
Sudor Anglicus, Hydronosus, are the various names which have been 
given to a severe epidemic disease that prevailed in this country and in 
of the Continent at different periods during the latter part 
of the 15th and the beginning of the 16th centuries. e invasion of 
this disease was generally quite sudden, some persons experiencing a 
sensation as of a hot vapour extending over the body, while others Felt 
as if consumed by an internal fire; there was violent fever, pain in the 
head and limbs, prostration of strength, hurried breathing, a small 

t e, nausea, great thirst, delirium, and excessive restless- 
ness. Shortly after the appearance of these symptoms a profuse 
clammy fetid perspiration broke out over the whole body ; the thirst 
became more intolerable, and the patients either died in a state of 
delirium or coma, or recovered as suddenly as they had been first 
attacked. Such was the rapidity with which this disease ran its course, 
that its victims were sometimes carried off in three or four hours, or 
even before the sweating stage had set in; and all danger was con- 
sidered to be at an end if the patient survived the first twenty-four 
hours. The profuse sweating which characterised the disease was 
looked Te ton as — i nature to get 4 pa some ove a 
from system, e ly appearance of this stage was, therefore, 
regarded as a favourable circumstance. Accordingly, when persons 
were attacked, it was usual to put them immediately to bed, without 
even removing their clothes, to enjoin absolute quietude, and to en- 
courage the outbreak of the perspiration by heating the room, covering 
them well up from , air, and giving aes ao ame 
sweating stage were in appearing under the influence of these 
means, friction was asl veaoasey to; 8 if the patient were at the 
same time vi feeble, drinks of a more stimulating quality were 
administered : igations with storax, laurel, or orks, ies were 
also a. These remedies were persisted in till the sweating was 

estab’ . After twelve or fifteen hours the coverings of the 


nourishing food was gradually administered ; or 
third day, if the weather was propitious, the patients were allowed to 


goout. This mode of treatment, which is so different from that pur- 
sued in the t day in analogous diseases, does not appear to have 
been simply with the view of ing the accession of the 
sweating , but from the experience of the injurious influence of 
cold in this , Several fatal cases having been attributed to the 


mere exposure of the patient's arms to the air while in bed. 
“sickness is said to have made its first appearance in 
this country in the army of the earl of Richmond, on his landing at 
Milford Haven in the year 1485. On the 21st of September of the 
same year it reached London, where it raged till the latter end of 
October. It reappeared in this country during the summers of 1506, 
1517, 1528, and 1551. From 1525 to 1530 it visited Holland, Germany, 
Denmark, Sweden, Poland, and parts of Russia ; and Forestus informs 
us (lib. vi., obs, 8) that it broke out in Amsterdam on the 27th of 
peer rs 1529, where it raged but four days, sparing only old le 
children, and attacking above one hun persons a day. With 
respect to the mortality of this disease accounts are somewhat vague. 


And see 


Bacon informs us that in the first epidemic the patients recovered if 
they were attended to in time, but that many died before a remedy 
was discovered. The epidemic of 1517 appears to have been particu- 
larly fatal, frequently destroying its victims in two or three hours, and 
in some places carrying off one-third, and even one-half of the inhabi- 
tants: that of 1528 was also very fatal, but was remarkable for its short 
duration in each place. The last outbreak of this disease in England 
happenéd at Shrewsbury in the year 1551, and was extremely fatal, 
sparing neither age nor sex: it raged from April to September, be- 
coming milder in character towards its termination. 

The origin and causes of this singular malady are still involved in 
considerable m . Bacon speaks of it as a terrible and unknown 
disease, that had its origin neither in the blood nor in the humours; a 
surprise of nature, rather than‘ obstinate to remedies. Drs. Caius 
and Mead believed it to be a modification of the plague; and Dr. Mead 
says that it was ae oa into this country from France, whither it 
had been conveyed in 1480, from the island of Rhodes, at that time 
besieged by the Turks. Caius affirms that the two epidemics of 1517 and 
1528 were brought to England from Florence and Naples, at which 
places the plague was then raging, and that it was the same disease, 
only modified by climate. Dr. Cullen thought it a variety of typhus ; 
and Dr. Willan suggested that it might have been produced by some 
disease in the wheat at those periods at which it prevailed, just as the 
Asiatic or malignant cholera has been attributed to the eating of bad 
rice. Opinions are not less at variance respecting the antiquity of this 
disease, and its identity with that which still prevails on some parts of 
the Continent, to which the term of “ La Suette” has-been applied. 
M. Rayer, without giving a decided opinion on the subject, admits that 
although there are notable differences between the two diseases in 
point of duration and gravity, yet there is an incontestible analogy 
between them. It is perhaps impossible at this distance of time to 
decide the question: we shall therefore conclude this article by 
referring those who may feel an interest in the subject to M. Rayer’s 
* Histoire de l'Epidémie de la Suette-Miliare qui a régné en 1821, dans 
les Départemens de I'Oise et de Seine-et-Oise,’ 8vo., Paris, 1822. 

SWELL. [Orean.] . 

SWIFTEST PROPAGATION. [Unputatory Tunory.]} 

SWORD MANUFACTURE. Weapons of offence were early fabri- 
cated by the cutlers of Sheffield. Holland (‘Manufactures in Metal’) 
gives a representation of two men grinding a sword-blade, copied from 
a manuscript psalter, written about the time of King Stephen, which 
is preserved in the library of Trinity College, Cambridge, and which 
probably represents the usual construction of grinding machinery at 
that time. The grindstone is mounted upon a horizontal axis, which 
one man turns by means of a crank ; and the sword, which is straight 
and pointed, is pressed down upon its periphery by the other man, 
who sits on a beam above the level of the stone, so that his weight 
may be conveniently thrown upon the sword, to press it firmly against 
the stone. 2 : 

But while there can be no doubt of the extensive manufacture of 
swords in England at an early period, the blades made in Spain and 
Italy, and more especially those brought from the East, bore the pre- 
eminence. The swords of Toledo were sought after on account of 
their admirable temper, in the time of the Moors, and even under the 
Romans. It has been supposed that they were indebted for their 
valuable qualities to some peculiar property in the water of the Tagus, 
which is used in tempering them. In the early period of the French 
invasion, the manufactory was removed to Seville, where the national 
junta then was; but it was found that the swords manufactured on 
the banks of the Guadalquivir were very inferior to those which the 
same workmen had made at Toledo. In the time of the crusades, and 
down to a much later period, Milan supplied swords of excelent 
quality in large numbers. But, celebrated as these and the Spanish 
blades deservedly were, those from the East were still more highly 
prized, and enormous sums were often given for them, Of all the 
sabres, the fame of which has reached this country, those of Damascus 
are by far the most noted. Very few persons indeed have seen them ; 
and fewer still have been the instances in which the blades themselves 
have confirmed those strange stories about their temper which are so 
generally circulated, and received among persons who know but little 
of the nature of steel. The characteristics ascribed to the real 
Damascus blades are, extraordinary keenness of edge, great flexibility 
of substance, a singular grain and fleckiness observable upon the 
surface, and a peculiar musky odour given out by any friction of the 
blade. heir quality, undoubtedly excellent as it must be, has been 
greatly exaggerated ; the extraordinary powers of execution attributed 
to Damascus blades are, in a great measure, dependent upon the 
strength and dexterity of the user. A gentleman who purchased one 
of these sabres in the East Indies for a thousand piastres, informed 
Mr. Holland that, although it was very flexible, and bore a fine keen 
edge, it could not be safely bent to more than 45° from a straight line, 
and it was not nearly so sharp as a razor; yet, when wielded by a 
skilful hand, it would. cut through a thick roll of sail-cloth without 
apparent difficulty. The swordsman who tried it could, it appears, do 
nearly the same thing with a good European blade. 

About the year 1689 an attempt was made to improve and extend 
the sword manufacture of England by the incorporation of a company 
of sword-cutlers for making hollow sword-blades in Cumberland and 
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the adjacent counties. The company was empowered to purchase 
landl, 40 erect mills, and to employ a great number of German arti- 
ficers ; yet the project failed. Owing, apparently, to the parsimony of 
the manufacturers, which led them to use inferior materials, and to 
employ unskilful workmen, English sword-blades fell into very ill 
repute during the 18th century. In 1783 the sword-sellers of London, 
in consequence of the very bad quality of English blades, petitioned 
the lords of the treasury for permission to import German swords free 
of duty ; and this circumstance, by attracting public attention forcibly 
to the low state of this branch of British cutlery, led to very impor- 
tant improvements, Mr. Gill, of Birmingham, memorialised the lords 
of the treasury, stating that he ow make eigen camel to 
those of Germany, and requesting a fair comparison. Circumstances 
delayed the public trial ‘which he desired ; but in 1786, the East India 
Company requiring 10,000 horsemen’s swords, divided their orders 
indiscriminately among English and German manufacturers. Owing 
to the exertions of Mr. Gill, by ‘whom some of these swords were 
made, a comparative trial was appointed, and every sword sent in was 
submitted to a machine recommended by Matthew Boulton, of Soho, 
in which the metal was tried by forcing the sword into a curve, so as 
to reduce its length from 36 inches to 29}inches. The result was that 
2650 of Mr. Gill’s swords bore the test, and only 4 were rejected, 
while of the German swords 1400 were received and 28 rejected. 
The extremely low state of the British sword manufacture at that 
time is sufficiently testified by the fact that of the blades sent by other 
English cutlers, 2700 were received and 1084 rejected. Tn addition to 
the above-mentioned test, Mr. Gill tried his swords by striking them 
flatways upon a slab of cast-iron, and are pin upon a cylinder of 
wrought-iron, which they often cut through. hey were so tough, 
although formed of cast-steel, that, after cutting a gun-barrel asunder, 
Gill would frequently wind the blade round it like a riband, after 
which it would recover its original straightness, excepting at the point. 
So completely did he establish the fame of his swords, that even Ger- 
man officers applied to him for them. pe : 

The process of manufacturing swords at Birmingham is as follows: 
—The material of which the blade is wrought should be cast-steel 
of the very best quality, and wrought with the greatest care. The 
bars are heated in the fire, and drawn out upon an anvil by two 
workmen with hammers, giving alternate strokes. When the blade 
is required to be concave upon the sides, or to have a reeded back, 
or some similar ornament, it is hammered between steel bosses or 
swages. The blade is then hardened by heating it in the fire until 
it becomes worm-red, and dipping it, point downwards, in a tub of 
cold water. It is tempered by drawing it through the fire several 
times until the surface exhibits a bluish oxidation, which takes place 
at a temperature of about 550° Fahr. The sword is then set to the 
required shape by placing it on a sort of fork upon the anvil, and 
wrenching it by means of tongs in the direction required to cor- 
rect any degree of warping which it may have contracted during the 
hardening. The grinding is performed upon a stone with either a flat 
or fluted surface, according to the kind of blade ; and as the uniformity 
of the temper is impaired by this procéss, it is subsequently restored 
by a slight heating, after which the blade is glazed with emery, and, 
if the instrument be a fine one, with crocus martis, after the manner of 
arazor-blade. The sword is then ready for the hilt or handle. Among 
the tests to which sword-blades are subjected, is that of bending them 
into a curve by pressing the side of the blade against six or eight pegs 
driven into a board, in such a manner that, when in contact with all 
the pegs, the middle of the blade may be bent six or seven inches from 
a straight line drawn between the point and the hilt. A further test 
is applied by bending them from a vertical pillar rising from a 
board. The temper is also proved by striking the blade smartly upon 
a table on both sides, and by severe strokes with the back and edge 
upon a block. Mr. Inglis, in his ‘ Spain in 1830, describes the trials 
to which sword-blades are subjected at the celebrated manufactory of 
Toledo. Each sword is thrust against a plate in the wall, and so bent 
into an are forming at least three parts of a circle; and then struck 
edgeways upon a leaden table with all the force which can be given by 
a powerful man holding it with both hands. ; > 

The British cavalry, within a recent period, have been supplied with 
swords superior in quality to those before in use, slightly different in 
shape, and lighter in weight. ie! : 

Many plans have been tried for imitating the peculiar waved appear- 
ance of Damascus blades, which is commonly called damasking. The 
Oriental processes have never been satisfatorily described, although 
several methods have been devised in Europe for imitating the Eastern 
fabrics. MM. Clouet and Hachette have pointed out three methods of 
attaining the desired object. The first, which is still pursued by some 
French cutlers, consists in scooping out with a graving tool the of 
a piece of stuff composed of thin plates of steel of different kinds; and 
by a subsequent operation filling up the hollows, and bringing them 
to a level with the external faces, upon which they form a figured 
appearance. The second is called the method of torsion, and is more 
generally employed. It consists in forming a bundle of strips of steel, 
which are welded together into a bar, and twisted several times about 
its axis. It is repeatedly forged and twisted alternately ; after which 
it is slit longitudinally, and the two halves are welded with their 
outer sides together. The surfaces of such a bar have a curious 


waved or watered appearance, owing to the inter-twisting of the several 
rods of which it is composed. The third, or mosaic method, consists 
in preparing a bar in the way last described, then cutting it into short 
pieces, and forming them into a faggot; taking care in welding them 
together to preserve the sections of each piece at the surface of the 
blade. The experiments published some years since at Milan, by Pro- 
fessor Crivelli, show that sword-blades of excellent quality may be 
produced by a combination of iron and steel. A bar of malleable steel, 
about an inch and a half in breadth and one-eighth of an inch in thick- 
ness, is bound round with iron-wire, at intervals of one-third of an inch, 
The iron and steel are then incorporated by welding, and repeated 
additions of iron-wire are incorporated in the same way. The com- 
pound bar thus formed is then stretched and divided into shorter — 
lengths, which are subsequently wrought into the required form, 
ground, and tempered. By filing semicircular grooves into both sides 
of the blade, and again subjecting it to the hammer, a beautiful 
damasked appearance is produced; and the figures or waterings are 
rendered visible by washing the blades with a menstruum of aquafortis _ 
and vinegar, so as to corrode the surface slightly. The process is said 
to have been practised successfully in Austria and Prussia, 

Another way of explaining the variegated appearance of Damascus. 
blades is that of M. Bréant. He supposes that the oriental damask is_ 
not a mixture of steel and iron, but re ed cast-steel charged with a 
superabundance of carbon; so that, by slow cooling, two distinct com- __ 
binations are formed, the first being simply steel, and the seconda 
mixture of cot with the excess a eects, kites a carburetted steel 
or cast-iron. ese two compounds form a kind 0} ised surface, 
which, by washing with acidulated water, assumes Bg om pear- 
ance; the parts consisting of pure steel becoming black, while the 
carburretted steel remains white. 4 

Besides the numerous contrivances for producing the variegated 
appearance of Damascus blades, ingenious processes are resorted to for 
ornamenting sword-blades by etching and embossing, and by inlaying 
them with gold and silver wire, an art to which the name of damas- 
cening is sometimes applied. In the article Damascene Work, this 
process is noticed, ‘ 

SWORDS. Greek Swords. The earliest and fullest information on 
the subject of the Greek swords is in the poems of Homer. With 
him the digos, top, and @dacyavoy are synonymous terms; the udyapa 
is a large knife suspended near the tos (‘IL.,’ iii. 271) for the purpose __ 
of cutting anything; the tos is called weAdvderoy, a term not very 
satisfactorily explained, and dpyvpdnAoy, or studded with silver, an 
epithet relating probably to the handle (kérn), which is said to be of 
silver: the scabbard, xoAeds, in later writers called @h«n (‘ Od.) viii. 
404), is covered with ivory. ta 

At a later period coins, vases, and other ancient monuments, exhibit 
the form of the Greek sword, which was a short cut-and-thrust blade, 
diminishing gradually from hilt to point. ia 

Varieties in the form of the blade and handle are occasionally tobe 
met with on vases. (Millin., ‘ Vases Antiques,’ pl. 26and 56.) The @hxn, _ 
or scabbard, sometimes terminates in a knob, the puns probably of 
Herodotus (iii. 64). We have only scanty and incidental notices of the — 
sword in Greek writers after the time of Homer, C. Nepos (‘ Iphi- 
crates,’ c. i.) records that that general introduced a longer sword among 
the Athenian infantry. Xenophon (‘De Re Eques.,’ xii.) prefers the 
padxaupa to the Epos for cavalry, because their poate on horseback he 


considers more favourable for the cutting : in this 
passage udxapa is used synonymously with xozxis, which usto. — 
suppose it to have been made at that time only for cutti Tn Jater _ 


writers ve terms pdxapa and gipos are used indiscriminately. (Polyb., 
iii. 114. sa 
The Greek sword was worn on the left side, suspended by a belt 
generally from the shoulder, as in the figure of Meleager on the coins _ 
of A8tolia, but occasionally by a girdle round the waist. On a vase in 
Millingen (pl. 23) it is slung more forward, so that the hilt isin the — 
middle of the breast. ‘The material of the Greek blade was generally 
bronze ; in later times, iron, - — 
Roman Swords.—The Roman sword was called “ ensis,” “gladius,” — 
and “mucro” (though ‘‘mucro” originally meant the point of the Z 
sword only; its edge, “acies;” its handle, “capulus;” its scabbard, 
“vagina ”), Polybius gives an accurate description of the Roman 
sword used in his day, which had the Iberian hort straight cut-and- 
thrust blade of finely tempered steel: this had been substituted for 
the old Roman sword at the time of the war with Hannibal (lib. vi.; 
also ‘ .. xiv., where he 5 of the admirable temper of the _ 
Celtiberian blades). The form of the sword continued from histime 
till that of the later emperors, apparently unchanged, Montfaucon 
(‘ Antiquités,’ vii.) states that the blades of those on the columu of 
Marcus Aurelius and the arch of Severus are more pointed than on the 
column of Trajan, and that they became shorter in the time of Con- 
stantine the fig and Theodosius. Stewechius (‘ Comment.’ in 
Vegetium, p. 64, » 1670) speaks of a larger kind of sword, 
“spatha,” under the later cage Thee seems to be no distinction 
in size or shape between the swords of the infantry and cavalry on — 
Trajan’s column and other similar monuments. The sword used by 
the gladiators was somewhat curved. The Roman sword was wornon 
the right side. Montfaucon notices three exceptions to this 
practice on the arch of Septimius Severus; and the spath already. 
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mentioned are said to be worn on the left side. The parazonium 
appears to have been the insigne or sword of office of a military 
tribune. (Martial, xiv. 29; Raderus, ‘Comment.,’ in loc.; and Pitisc., 
* Lexicon Antiq. Roman.’) 

Other Ancient Swords—For the swords of other nations of antiquity, 
see Wilkinson's ‘ Antient ians ;’ for the Assyrian, the works of 
Layard and Botta; for the s, or Persian sword, and that of 
other Eastern people, Leake, ‘Athens,’ ii.; and for the swords of the 
‘Goule, Livy, xxii. 46, and Diodorus, v. 30. 

~ In the ish Museum are four ancient bronze swords, three of 
which have cut-and-thrust blades, varying in length from 10 to 25 
inches, and in breadth from 14 to 2inches. Another, considered to 
be Etruscan, is bound with gold wire round the handle, and is about 
13 inches long. In Montfaucon (‘ Antiq.,’ vii.) are engra 


inches poner the Museo Borbonico, vol. v., pl. 
engraving of one having two rings on its seabbard, which 
is of wood, covered with plates of metal, and studded with brass; 
a handle of another is finished with an eagle’s head, and other varieties 


are shown in the same work. 

A syllable consists of one or more ele- 
mentary sounds of a language uttered in one emission of voice. The 
pronoun J eee se consisting of but one elementary 


F 
- 


sound; and the sy! strange is an example ing of several 
= sounds articulated (joined) er. Words which consist 
one are termed monosyllabic; those consisting of two are 
termed ; those of three, trisyllabic ; and those of more than 
ee er 
Spoken language is a audible signs for the expression of 
thought, and written is a system of signs to ken 
ne rr 2 oP paadiele rapa is two removes from thought. 
Sy! both as words and as parts of words, belong both to spoken 
serosa a 
a pronounced syllable two distinct things are observable, namely, 
Ist, its elementary structure ; and, 2nd, the musical properties of the 


voice, 

under the general terms pitch, loudness, and quality. Thus in the 
structure to be the diphthongal 
isle; and we observe also whether the 
sung, that is, whether the condition of voice belon; 

: an accurate observer also perceives the precise 
loudness and the character of the quality of voice. 
eng at nae meer is termed its 

i the quantities of syllables 
their ordinary toe Prat in rapid colloquy 
i quantity of a syllable, 

protracted, is the sum total of the quan- 
sounds ; thus the quantity of the 
syllable nine is the sum total of the quantities of its elementary sounds 


In words of more than one syllable, one of them is always made 
more conspicuous to the ear than the other, by what is termed stress 
is 
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Fe 
He 
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| 
i 


or accent. Stress is produced either by an abrupt percussion of voice, 
as in the word pepper, or by an extended quantity on a swelling loud- 
ness of voice, as in the word amaze. The stressed syllable of a word is 


that which receives the modification of voice expressive of 


phasis. 

of language depends on the quantity and 
3 of which are inherent; while the pitch, loud- 
of voice in which the 5 ange are uttered are acci- 
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i 
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analysed into its component parts, in order to exhibit its etymology, 
SURES lead 40.6 char apptchenstotl of its signification, as a whole 
from knowing that of its as in dividing the word 4 
thus, thermometer ; 3. To divide a word into its syllables, to enable 
another to write {t with correctness, as the word barometer, thus, ba- 
ro-me-ler. 

SYLLOGISM (cvadcyicuos). The object and character of logic are 
explained under the word OncaNon; the position of this article in the 
present work is explained in Loctc. E sentence in which different 
assertions are combined to produce er and a final assertion, is 
either a syllogism, a collection of syllogisms, or a mass of words with- 
out ing ; and when we separate the constituent assertions, and 
write the under the forms of logic, we are not thereby ceasing 


le 
to consider the sentence which contains those assertions, or, as many 
of ratiocination, All that is called 
re and which cannot be made syllogistic, is not reasoning at 
all; be etaks syllogistic, is obscure ; for 
ple form 


which the act of reasoning is an act 
Aristotle defines syllogism thus : “ Syllogism is speech or language 
la Shieh etal MINE Ning eooamed, cxncthing different from what 
is assumed results by virtue of the assumption ; and, by virtue of the 


“F 
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assumption, I mean it results through the assumption; and, by 
‘through the assumption’ I mean that no external term is required 
in order to there being a necessary result.” (‘ Analyt. Prior.’ i. 1.) 

So easy indeed is the deduction, when the premises are properly dis- 
posed as preparatory to a syllogism, that many persons doubt the utility 


‘of the syllogism altogether. With these we are not now arguing; we 


shall only observe that he must be fortunate in the clearness of his 
mind, who, knowing the logical mode, is never obliged to have recourse 
to it to destroy ambiguity or heighten evidence ; and particularly so 
in his opponents, who, in verbal or written controversy, never finds it 
necessary to employ it in trying their arguments. The syllogism is the 
instrument of self-examination, and the weapon of last resort in dis- 
pute; and a bad syllogism, with one of the premises implied only, and 
not expressed, is the first resource of fallacy ; which last is sometimes 
even allowed to remain unrefuted, by neglect of placing it in a logical 
form. To bring forward the suppressed premiss is the visible destruc- 
tion of every such argument which is logically bad. As an instance, 
take the following in a letter from Cardan to Tartalea: “ Neither am I 
moved with envy, for if you are either equal to, or less than myself, I 
have no cause for it; and, if you be greater in this art, I ought to 
endeavour to equal you, and not to speak evil of you.” This is meant 
for reasoning, and there are two syllogisms with suppressed premises, 
or rather two sorites (a term presently explained), with a suppressed 
premiss in each. In one case Cardan assumes that he does not envy 
Tartalea because he need not; in the other, that he does not because 
he ought to do otherwise: if he meant to assume and assert that he 
never did anything which he had no need to do, and always did every- 
thing which he ought to do, his reasoning is logical ; but if he wont 
have hesitated to make these assertions, he was then writing fallacy. 
In justice to Cardan’s logic, however, it is but fair to say, that he was 
not the man to hesitate at either assertion. [CarDAN, in Broa. Dry.] 
Every sentence in which the conclusion is a necessary consequence 

of previous assertions contained in that same sentence, is a syllogism, 
provided that the conclusion be obtained from two distinct assertions, 
and two only. Thus, “Some as are Bs, for every B is a,’ is not a syl- 
logism, though logically true. [Conversxz.] Every assertion may be 
reduced to one of four forms, the universal affirmative, the universal 
negative, the particular affirmative, and the particular negative. From 
these, by combination, all syllogisms are derived; and the laws of 
combination, and the manner of expressing them, constituted that 
branch of science which is now often turned into ridicule, particularly 
as to its notation, and the strange and uncouth words by which the 
species of syllogisms were denoted. The following letters always 
signify the several species of propositions :— 

A, the universal affirmative ; every X is Y. 

8, the universal negative ; no x is Y. 

1, the particular affirmative ; some Xs are Ys. 

Oo, the particular negative ; some Xs are not Ys. 


Since every conclusion must be drawn from the comparison of two 
things with a third, a syllogism consists of two propositions, in each of 


which the same term occurs compared with another: this term is 


called the middle term. Thus, in 
Every y is x, 
Every 2 is Y, 
- Therefore Every z is x, 


Y, the subject of the first assertion, and the predicate of the second, is 
the middle term. The two first assertions are the premises, the third 
is the conclusion. The predicate of the conclusion is called the major 
term ; the subject of the conclusion the minor term : and the major or 
minor premiss is that which contains the major or minor term of the 
conclusion. The major premiss is always written first. 

The order of the terms in the premises and conclusion must be 
either 


I. I. Ii. Iv. 
Yx XY YX xY 
ZY ZY YZ YZ 

e* ZX ZX ZX 3 


and these are called the four figures. The three first are in Aristotle, 
the fourth was by tradition ascribed to Galen, and was called Galenic. 
In the first figure the middle term is the subject of the major, and the 
predicate of the minor; in the second, the predicate of both ; in the 
third, the subject of both; in the fourth, the predicate of the minor 
and the subject of the major. Every particular case of a figure is called 
a mood ; and since either of the premises may be either of the four 
species of propositions, A, E, I, 0, it follows that there are sixteen moods 
in each figure, or sixty-four possible moods in all. But of these, many 
are inconclusive, and many moods which admit of conclusion in one 
re do not in another. Thus, the mood in the example above is aa, 
and if we apply it in the four figures, we haye— 
Every yisx | Every xisy | Every vis x 
Every zis y | Every zisy | Lvery y is z 
The first has a conclusion: every z is x. The second has none ; 


that is, for anything to the contrary contained in the premises, we may 
either say every Z is X, no Z is X, some Zs are Xs, or BOMe ZS are not Xs. 


Every x is ¥ 
Every ¥ is 4 


Ns 
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It also admits every x is 2, but here z is the major term, and not x. 
The third admits a conclusion: some zs are xs. The fourth also 
admits a conclusion: some zs are Xs. uently, the first figure 
has a syllogism aa, the third and fourth have aat. 

If ail the sixty-four cases be examined (a most useful exercise), it 
will be found that the following syllogisms are valid. We arrange 
them first by figures, then by moods —~ 


First Figure: aaa, BAE, All, EIO. 

Second Figure ; BAK, AER, BIO, A00. 

Third Figure: AAl, It, AT, BAO, OAO, EIO, 
Fourth Figure; Ast, AEE, IAI, EAO, ELO, 


The following is the statement by moods :— 


(AA)A\IT, , (AB)BLH, , (At)II, , (AO)O, 
(EA)B,B,0,0, , (EI)0,0,0,0,, 

(1A), 5 

(oa)o,. 


Here, for instance, we ex by (tA)1,1, that the mood 1a never 
ves anything but 1, and that only in the third and fourth figures. 
, the preceding we may collect that — 

As to figures: any proposition may be proved in the first ; none but 
negatives in the second ; none but particulars in the third; and eyery- 
thing but the universal affirmative in the fourth, 

As to moods ; from premises both ive or both particular, no 
eonclusion follows: where one premiss is negative, the conclusion, is 
negative; and where one premiss is particular, the conclusion is par- 
ticular. 

In order to remember the figures certain words have been long used 
by writers on logic, which make a grotesque ap ce; but if the 
reader will tolerate them till we haye gone through an example of each 
syllogism, he shall see that those who made them were at least as good 
wits as those who laugh at them, The magic words of the fourth 
figure are different in different writers; we have taken those used by 
Dr. Whately. 

First Figure: Barbara, Celarent, Darii, Ferio. 

Second Figure: Cesare, Camestres, Festino, Baroko. 

Third Fi: : Darapti, Disamis, Datisi, Felapton, Bokardo, Feriso, 

Fourth Figure : Bramantip, Camenes, Dimaris, Fesapo, mn. 

Thus the vowels aaa are seen in Barbara, am in The fol- 
lowing are instances of each form, with an example which may easily 
be reduced to the form, . 
First Figure. 

Barbara.—Every ¥ is X, every is ¥, therefore every zis x. Zx- 
ample. They must, as men, haye faults; or all men have faults, these 
persons are men, therefore these persons haye faults ; strictly, all men 
are persons having faults, &c. 

Celarent.—No ¥ is X, every z is y, therefore no Zis X. Example. 
Those who bribe should not, any more than any other lawbreakers, be 
exempt from punishment. 

Darii.—Every ¥ is X, some zs are Ys, therefore some 28 are Xs, 
Example. Exploded doctrines are sometimes true, because capable of 

roof. 
. Ferio.—No ¥ is X, some Zs are Ys, therefore some 2s are not Xs. 
Example. Some of the earlier principles of science are not well 
appreciated for want of attention to the usual modes of operation of 
the mind. ; 
Second Figure. 
Cesare.—No x is y, every % is ¥, therefore no zis x. Example. The 
ce of horns in this species, and their absence in the other, is a 
complete distinction between the two. 

Camestres.—Every X is ¥, no z is ¥, therefore no z is x,. The last 
example will do; this mood is-only a consequence of the convention 
by which the major premiss is to be written first, and of the converti- 
bility [Converss] of the universal negative proposition. 

Festino—-No X is ¥, some Zs are Ys, therefore some Zs are not Xs, 
Example. Persons who pretend to form an opinion on philosophical 
subjects are oftentimes incapable of doing it properlyMrom want of 
acquaintance with the exact sciences, This example is given purposely, 
as falling more naturally into another figure, though capable of ex- 
pression in this. 

Baroko.—Every x is ¥, some 28 are not Ya, therefore some zs are not 
xs. Example, None but the industrious can succeed, so that there 
must be many failures. 

Third Figure. 


Darapti,—Every ¥ is x, every Y is z, therefore some 2s are xs. Fzx- 
ample, Politics and literature are not or fai ad for many 
persons can be named who have cultiyated bo 

Disamis.—Some ys are xs, every ¥ is %, therefore some 78 are 
xs. Example. Many thingsinexpedient, because wrong, are apparently 
useful. 

Datisi.—E y is X, some Ys are zs, therefore some zs are xs. The 
last example do for this also. 

Felapton.—No ¥ is X, every.¥ is %, therefore some zs are not xs. Bu- 
ample. There are organised bodies to whose existence air is necessary, 
and which have no ocomotive power, as plants, for instance, 


~~ ~— 


* Bokardo.—Some Ys are not Xs, every Y is z, therefore somé zs are. 
not xs. Example. Even industry does not always succeed, for men of — 
great research have been mistaken. 

Feriso.—No ¥ is X, some Ys are 2s, therefore some 28 are not xs, 
Example. It is not true that all who gave evidence were present, for a, 
B, 0, &e., were many miles off. j 

Fourth Figure. 

Bramantip.—Every x is ¥, every ¥ is 4, therefore some 28 
Example. Among repulsive things are the sciences themselves, for 
are all difficult, 

Oamenes.—Every x is Y, no ¥ is z, therefore no zis x, 
perfect being can 


is used in different senses,so that there is in fact no middle (or — 
common middle) term. We have seen this ment used some a 
“ perfect being ” meaning “ morally perfect y” and “ im me 
including physical as well as moral imperfection. , 
Dimaris,—Some xs are ys, every Y is 2, therefore some 8 are Xs, 
Example. Some writers who repeat themselves are amusing, for every — 
Lec writer does it, and the most attractive books are not al } 
ortest, 


Example. Some things which are cried up can hardly be relics of 
quity, for they are valueless. Here is an instance of an argument 
logically undeniable, may be disputable as to the matter, One 4 
premises is “no relic of antiquity is valueless,” which many may be — 
found to deny. te 
Some other forms have been given, but they are only some of o 

preceding with the premises transposed, and which, therefore, do 
obey the conventional rule relative to the of the maj 

premiss: as, for instance, one named Baralipton (a at, the last sy! 
being only a termination) which we may mention i ’ 


anti- 
iy 


fq = 4 
much as this word has been very often quoted as a specimen ical 
terms. It runs as follows:—Every Y is x, every Zis y, therefore some — 
xsare Zs. Transpose the premises, and we have the first syllogism of — 
the fourth figure. ; y 

Of all the four figures the first is the most natural, and every mood — 
of the other three can be reduced to one of the first, in one of the — 
following ways. It will be seen that every name in the last three 

begins with one of the initial letters of the first, and thus it is — 
pointed out to which mood of the first figure each is reducible. Thus — 
Cesare, Camestres, and Camenes are those which are reducible to 
Celarent of the first figure. 

The other significant letters of the descriptive words are m, 8, p, kh, _ 
wherever they occur. By m it is implied that the premises are to be 
transposed ; by s that the premiss marked by its preceding vowel is to 
be converted, whence s follows only & andi [Convurse]; by p that the — 
conversion is to be made in a limited manner, or per acci Con- 
VERSE) ; and by & that the reduction is made by what is ' 
reductio ad iimpossibile, a term which we now in. It means that 
the pies nie eee by one in the first figure, which ‘ 
not the truth of the conclusion, but the falsehood of its 
(Contrary anp Contrapictory.] For example, take the 
Baroko, or 


f 


syllogism 


Every x is y, a 
Some 2s are not Ys, 
Therefore Some 2s are not Xs, 


If the conclusion be denied, it must, be by affirming that every 7 
is x. Let this be so, then we must have the syllogism Barbara as 
follows :— q 

Every x is y, > 
Every z is x, 
Therefore Eyery z is ¥. 


, some Zs are not ya, whence this conélusion’ 


fig 
It appears then that few words have ever been invented which 
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the reduction requires the major iss to be simply converted A, 
that the minor is a universal gictaetivns Ul, toh teteduotion ze. 
quires the transposition of the premises; I, that the conclusion is a 
particular affirmative; S$, that the conclusion must be simply con- 
verted. We thus change i 


DISAMIS. DAR 
Some Ys are xs, Every ¥ is z, 
Every ¥ is z, into Some xs are Ys, 
Some zs are Xs, Some Xs are zs. 


A proper mood was one in which one of the premises spoke of a 

subject, as in “ All Frenchmen talk French, Pierre is a French- 
therefore Pierre talks French.” There was much discussion as 
to whether such a proposition as “ Pierre isa Frenchman” was a uni- 
versal affirmative or not, it being obvious on all sides that, whether 
or no, it would have in deduction all the properties of a universal 
affirmative. 


H 


Fig. 2. A All that is here is seen by me 
Camesireas, E He is not seen by me. 
He is not here. 


B Ais co 
© 


For instance, 
The thoughts of man govern his actions, 
John is a man, 
Therefore John’s thoughts govern his aetions. 


As it stands, this is not strictly a syllogism, and some less idiomatic 
expressions must be adopted before it can be turned into one. As, 


Uogism, which is one in which 
less of force to one or both 
Probably Every ¥ is x, 


Every z is y, 
Therefore Probably Every z is x. 


_ The same thing occurs in a modal sy 
ne ae SxEremen IVES inixe oF 


is 
form only, the perfect deduction may 
a thing which is more likely than 
Every x is { Roh lo be . 
Every z is x, therefore every z is [a thing, &.] 


when the ys are known to be A, 5, and ¢, and no more, and Every r¥ is 
separately that a is x, Bis x,cisx. There is 


to the syllogism here. [Ixpvcrion. 
The Le oe st rot ae toe 
to depend solely on that of another; so that 
as as the second is known to be true, 


soon as the first is known to be false. 


If a be B, cis p, 
Bat 4 is 8, therefore c is p. 
Or, If a be B, c is , 
But o is not p, therefore A is not 3B. 
Saran o Wraal 9p trenplote, enaie Bx ts sebposith ion—when, for 
out that o is p, ee ee 
not yet proved, the member of the 
syllogism lays down the state of the ment. When 
that will prove a proposition is true, the proposition itself is true, 
whence there is only need to affirm the one doubtful premiss, to make 
consequence, <Again, when a proposition is 


false, some part of any logical proof must be deniable ; hence there is 
only need to deny the conclusion in order to make the one doubtful 
premiss logically deniable. if ee 

The conditional syllogism is reducible to an hypothetical one, It is 
when, under certain circumstances, the first member affirms a propo- 
sition, as in Wherever 4 is B, ¢ is p, 

The dilemma is a double or other compound syllogism, in which two 
or more con’ propositions form each a conclusion with other 
propositions, so that from those other propositions necessarily follows 
one or other of the conclusions; because of contradictory propositions 
one must be true. It is not therefore a syllogism, but a collection of 
them. For example, “He must either have been for, against, or 
neuter: if for, he was unjust; if neuter, he was mean; if against, he 
was false; therefore he must have been either unjust, mean, or false.” 
This presumes the existence of a premiss for each conclusion ; as for 
example, that the cause is that of oppression, that he is so circum- 
stanced that nothing but fear or favour could prevent him from taki 
part with the right, and that he has pledged himself to the wrong. 

The rules of syllogism may be briefly condensed as follows :— 

1. One at least of the premises must be affirmative, and one at least 
universal; 2,the middle term must enter universally in one of the 
premises ; and 3, the conclusion must not speak of any term in a wider 
sense than it was spoken of in the premiss in which it entered. A 
term universally spoken of is either the subject of a universal affirma- 
tive, or the predicate of any negative. 2 

The first rule is derived from obseryation, but might be demon- 
strated. The second is seen thus: if the middle term were not uni- 
versally spoken of in one premiss, there might be in reality no middle 
term, or nothing with which to compare the major and minor term. 
Thus if we attempt to infer anything from Every x is y, some ys are 
hot Zs, we merely see that all the xs are so many of the Ys, or make up 
a part of the vs. Some of the ys (another portion, it may be) are not 
zs, 80 that the common term does not exist, or may not exist. The 
third rule is obvious, for no more can be made of any assertion than it 
contains, and an argument which asserts something about every x from 
premises which only mention some xs, must be illogical. 

The various species of fallacies must consist either in the introduc- 
tion of oy ig egg or an Pipe var tion of those which are 
proved. e do not it necessary to extend this article by entering 
into the usual classification of them. 2 

SYLVIC ACID, (C,,H,,0,) a substance which with pinie acid 
[Price Acty) constitutes the greater portion of colophony, or common 
rosin. When this substance is digested in cold aleohol of specific 
gravity 0°833, the pinic acid dissolves, but the sylvic acid remains in« 
soluble in aleohol until it is boiled ; on cooling, it separates in 
of considerable size, the form of which, according to Unverdorben, is 
a rhombic prism terminated by four facets, but Laurent represents it 
as an acute rhomboid, the edges of which are usually serrated. 

Sylvic acid melts below 212°; is insoluble in water, but dissolves 

ily in hot alechol and in ether, and is precipitated by water ; it is 
soluble also in all proportions in the volatile and fixed oils. Concen: 
trated sulphuric acid dissolves and water precipitates it from the acid ; 
by the action of nitric acid it is converted into another resinous acid 
when it has been precipitated from alcohol by water ; ammonia dissolves 
this acid readily, and the sylvate of ammonia formed, as well as that of 
potash and of soda, is soluble in water; most sylvates are however 
insoluble in it, but many of them are dissolved by aleohol and 
js Mgr a the i igre of, magnesia especially is taken up by alcohol; 

sylvates silver and lead are colourless and insoluble in 
water, 


SYMBOLS, CHEMICAL. [CHemroan Formuia.] 

SYMBOLS and NOTATION. The word symbol (from the Greek 
agmbolon, ciuBorov) means “that which is taken with,” and a symbol 
is a mark which is always attached to some one particular meaning. 
Notation (nota, a known mark) is the method of selecting and assigning 
meaning to bols, and the theory of notation (if it yet deserve the 
name) Facludes the consideration and choice of symbols, with the 
formation of rules of selection, so as to take the symbols which are 
best for the pu : 

This aubjeot i F hecareabiok it & veh wide manner ; for all marks 
with und i are bols, from written words to 
direction-posts. A picture is a symbol, the force of which lies in the 
resemblance to its object, and many of the earliest symbols must have 
been pictorial. It is obvious that a general treatment of the subject 
would hard be within the power of any one person, and that its 
extent would be enormous, though it would be desirable to have it 
discussed in a more general form than has yet been attained, in order 
that its different parts might receive aid from the rest. Symbols are to 
the of civilisation precisely what mechanism is to that of the 
arts,—not a moving force, perfectly dead in themselves, but capable of 
being made the medium by which the power is conveyed to its desti- 
nation, and adapted to its object. They are the instruments of our 
first thoughts and the originators of new ones. The process by which 
the earliest symbols called out a yet higher inte’ ce than that 
which produced them, which last was again employed in perfecting the 

bols themselves, and so on alternately, exactly resembles what has 
taken place in the mechanical arts. The earliest and rudest tools were 
first employed to make better ones; and every improvement in the use 


SYMBOLS AND NOTATION. 
oree has found one of its best applications in the construction of 
liinery itself. 

We propose in this article to treat particularly of mathematical 
notation, which, like language, has grown up without much looking 
to, at the dictates of convenience and with the sanction of the majority. 
Resemblance, real or fancied, has been the first guide, and analogy has 
succeeded. 

Signs are of two kinds: 1st, those which spring up and are found 
in existence, but cannot be traced to their origin ; 2ndly, those of 
which we know either the origin, or the epoch of introduction, or 
both. Those of the first kind pass into the second as inquiry advances. 
{Aurnavet.} In our present subject we have mostly to deal with the 
second class, 

Mathematical marks or signs differ from those of written language-in 

being almost entirely of the purely abbreviative character, since it is 
possible that any formula might be expressed in words at length. We 
say possible, because it is barely so, not meaning thereby to imply that 
the mathematical sciences could ever have flourished under a system of 
expressions in words. A well-understood collection of notions, how- 
ever extensive, becomes simple as a matter of conception by use and 
habit, and thus becomes a convenient resting-point for the mind and a 
suitable basis for new combinations of ideas. Now it is the charac- 
teristic of the advance of human knowledge that the mind never 
grapples at once with all that is contained in the notions under use for 
the time being, but only with some abstraction derived from a previous 
result, or some particular quality of that result. Hence no symbol 
which should contain the representative of every idea which occurred 
in the previous operations would ever be necessary ; and more than 
this, it would even be pernicious from its complexity, as also from its 
suggesting details which are not required. The generalisation, or 
rather abstraction, which is the distinctive character of the civilised 
language as compared with the savage (though the latter is not wholly 
without it), must be the ruling process of mathematical notation, as it 
is of the advance of spoken language; and in this point of view the 
connection of our subject with speech presents more analogies and 
gives more instruction than its comparison with the written signs of 
speech. The latter is a bounded subject. When once it is agreed 
how the different modifications of sound shall be represented, written 
language follows immediately; nor do the infinite modes of using 
words require any modification of the method of writing them. In 
our modern works, for instance, it would be difficult to find many 
artifices of notation with which to compare the never-ceasing varieties 
of mathematical signs. In mentioning the marks of punctuation and 
reference, the italics for emphatic words, and the varieties of print by 
which notes are distinguished from text, &c., we have almost exhausted 
the list. 

The greatest purposes of notation seem to be answered when the 
reader or learner can tell what is meant, first, with the utmost cer- 
tainty, secondly, with sufficient facility ; it being always understood 
that the second must be abandoned when it clashes with the first. 
Too much abbreviation may create confusion and doubt as to the 
meaning ; too little may give the meaning with certainty, but not with 
more certainty than might have been more easily attained. Thus the 
old algebraists, in using a quadratum for a multiplied by A, in their 
transition from words at length to simple notation, used ten symbols 
where two only are requisite; and those who first adopted the symbol 
A lost no certainty, and gained materially in simplicity. The suc- 
cessors of these, again, who employed aa, AAA, AAAA, &c., to stand 
for the successive powers of a, were surpassed in the same manner by 
those who adopted a2, a3, a‘, &. Beyond this it is obvious the 
notation cannot go in simplicity. The symbol which is to represent 
“n as multiplied together” must suggest all three components of the 
preceding phrase—namely, » and a, and multiplied together. In a*, 
the n and A are obvious, and the position of the letters is the symbol 
of multiplication; but, on the other hand, those who teach the 
beginner to signify by A* the square described on the line a, purchase 
simplicity at the expense of certainty. The same mathematical phrase 
with them stands for two different things, connected indeed, but of 
more dangerous consequences from that very connection; for where 
similarities exist, the reader should not be made to gonvert them into 
identities. It is of as much importance to impress the distinction of 
the things signified as the analogy of their properties. 

Certainty, then, and the greatest facility of obtaining it, seem to be 
the main points of good notation; and this is true with respect to the 
learner of all that has gone before. Grant that the mathematical 
sciences are never to advance further, and many alterations might be 
made, and many new practices adopted, which would give facility in 
acquiring the past, without any introduction of obscurity. But the 
future must also be thought of ; and no scheme will merit approbation 
which enlightens one end of the avenue at the expense of the other. 
Notation influences discovery by the suggestions which it makes: 
hence it is desirable that its suggestions should be as many, as plain, 
and as true, as it is possible. Here we are on quite a different ground : 
reason is the builder and settler, but imagination is the discoverer; and 
it might turn out that a notation which suggests many and obyious 
new ideas, though some of them should be fallacious, would be prefer- 
able in its consequences to another of less suggesting power, but more 
honest in its indications. And while we speak of positive suggestion, 
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it must not be forgotten that a notation may be faulty in occupying 
the of the symbol which properly belongs to the extension of 
another notation. The latter is thus deprived of its natural direction 
of growth, and must find its way elsewhere, to the injury perhaps of 
some other part of the symbol. In throwing together a few rules, pre- 
viously to a little description of the present state of mathematical 
notation, we do not pretend to have exhausted the list of cautions 
which the subject requires. It is to be remembered that the language 
of the exact sciences, instead of being, as should be the case, a separate 
subject, is hardly ever treated at all, and then only in connection with 
some isolated parts of the system. With the exception of an article 
by Mr. Babbage, in the ‘Edinburgh Encyclopedia,’ we do not know of 
anything written in modern times on notation in general. Much may 
be collected, having notation for its specific object, from the writi 

of Sige, oy, pea os Cauchy, J. oa! and P 

writers who ave consid it necessary, W an propel anew 

symbol or modification of a symbol, to assign some reason for the pro- 
posal. In general, however, it is the practice to adopt or reject ni \ 
without giving any justification of the course pursued. If it could re 
rendered necessary, by the force of opinion, that every author { 
in making a new symbol, explain the grounds, firstly, of his de; : 
from established usage,—secondly, of his choice from among the 
different methods which would most obviously present themselves,— 
two distinct advantages would result. In the first place, we should in 
most cases retain that which exists, until something was to be gained 


nothing which is of an opposite character. We should rather say the 
rate of progress ; for, however bad may be the immediate consequences 
of narrow and ignorant views in this respect, they cannot be permanent. 
The language of the exact sciences is in a continual state of wholesome 
fermentation, which throws up and rejects all that is incongruous, 
obstructive, and even useless. Had it been otherwise, it is impossible — 
that the joint labours of three centuries and many countries, of men 
differing in language, views, studies, and habits, could have pi z 

so compact and consistent a whole, as, with some defects (though no 
two persons agree p what they are), the present structure of 
mathematical language must be admitted to present. a 

The following rules and cautions, with respect to notation, are drawn 
from observation of the present state just alluded to. ; 

1. Distinctions must be such only as are n , and they must be 
sufficient. For instance, in so simple a matter as the use of capitals or 
small letters, whatever may guide the inquirer to adopt either in one 
case should lead him to the same in another, unless some useful dis- 
tinction can be made by the change. Thus a writer who in one instance — 
uses a capital letter to denote a complicated function of small letters 
(which is a very desirable mode), will in another part of the same 
question Spt a small letter for a similar purpose, thus nullifying an_ 
association of ideas which perspicuity would desire to be retained. If 
such a course were nec: in the first case, it is still more so in the 
second. It is not often that the second part of this rule is infringed ; 
so small an addition makes a sufficient distinction, that the princi 
danger which arises is that of the same notative difference occurring 
in too varied senses in different problems. 

The tendency to error is rather towards over-distinction than the — 
contrary. It is surprising how little practice enables the beginner in 
mathematics to remember that so slight a difference as that of a and a’ 
implies two totally different numbers, neither having any n ; 
connection with the other. The older mathematicians [AccENT] over- 
did the use of distinctions by their uniform adoption of different and 
unconnected letters ; and forgot resemblances. P 

2. The simplicity of notative distinctions must bear some proportion 
to that of the real differences they are meant to represent. Distinctions: 
of the first and easiest order of simplicity are comparatively few ; the 
complications of ideas of which they are the elements of repre- 
sentation are many, and varied to infinity. There is no better 
proof of skill than the adaptation of simple forms to simple notion 
with a graduated and ascending application of the more compli 
of the former to the more complicated of the latter, But some 
writers remind us in their mathematical of that awkward 
mixture of long and short words to which the idiom of our language — 
frequently compels them in their written explanations of the formula. 
For example, if there be two words of more frequent occurrence than 
any others, they are numerator* and denominator; the aes of a 
fraction cannot be described under nine syllables. A i 
will have occasion to write and speak these words ten thousand times, 
for every occasion on which he will have to use the word cusp, of four 
letters, A comparatively rare idea, used in an isolated subject, can be — 
expressed in one syllable, while the never-ending notions of the parts 
of a fraction require nine: this he cannot help; but it is in his power — 
to avoid the same sort of inversion in his notation. $ 

8. Pictorial or descriptivenotation is referable to any other, when 
it can be obtained by simple symbols. instances occur in astro_ 


* These words might well be shortened into numer and denomer, f 
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nomy, and the use of the initial letters of words may be cited as a class 
of examples : 
4. Legitimat 


e associations have become permanent must not 
be destroyed, even to gain an advantage. The reason is, that the loss 
of ity in reading established works generally more than com 
for the ad notation ; besides which, it seldom 


make 
increments, but limiting ratios of increments: and students trained in 
their works must <P ye compar mie ps, Dag Teepe pay 
a host ers. Thus dzy has been made to 
stand for dy : dz, and the old association connected with dy has (in 
of) been destroyed. Now if the letter p had been 
the only harm would have been that the student 
would have had to learn a new language before he communicated with 
the greatest mathematicians; as it is, will have to form a new 
out of the materials of the old one, which is a much harder 
is injudicious innovation is now extinct. 
5. Analogies should not be destroyed, unless false : for true analogy 
has been frequently the parent of discovery, and always of clearness. 


Thus the real analogy of Xprdx and {peda was lost to the eye by the 
use of [px to signify the latter; an innovation which preceded the 


a 


a definite integral, /*pad:r, will certainly prevent the spread of the one 
just alluded to; though this last itself is chargeable with breach of 
analogy : for S *gada2, - *pxda3, &c., ought to represent the successive 
integrals of /prdx. Fortunately, however, the symbols (/dz)*px 
(faz on, ke., may represent these successive integrals; and thus the 
two notations may be combined. For instance, ( /“dx)‘gz represents 


tions of Euclid which are called grr gatom Baramn i td 
re 


angle, |r for perpendicular, 
for the rectangle on aB and 80, a8? for the square 
altered. These are already 


Siro, hey one Baye ity noc 

a meaning, and causes plent; 
notation, if it cannot help in. availing: Sx enn 
least not make it worse. At the same time, with 
geometry, we feel some repugnance to introduce it 
from observing that all the writers seem to feel 
accord that pure reasoning is best expressed in words at 
If it be desirable that a student should be trained to drop 


as connecting with process, and to think of 


=B 
¢ 


ai 
i 


é 
: 


: 


Septies te tie intervening is also most requisite that he 
should have a corrective of certain bad habits which the greatest 
caution will hardly hinder from ing up while he is thus engaged. 


; 
a 


end; and geometry, in 
ng process. Will symbolic 
well? We will not answer positively, but we must 


it. 

. Notation be modified for mere work in a manner which 
Genie be ndmitted in the expreasion of results which are to be reflected 
upon. The mathematical inquirer must learn —— —— 
private and momentary use, abbreviations which could not 
of results. Work may sometimes be 
tendency to error materially diminished, 


' 
| 


attention to this suggestion. A 
ie example, the complexity of the symbols, 
dz dz de We dz 


yp dy’ qe’ dz dy’ dy’ 


2ay Ty» Zoey Zays Tyys 
are not nor complicated enough to e much of the disad- 
range af the complete spb, while ota entirely free from 
that of the isolated 


8, In preparing mathematical writings for the press, some attention 
ARTS AND SCI. DIV. VOL. VIt. 


should be paid to the saving of room. In formule which stand out 
from the text, this is not of so much consequence; but in the text 
itself a great deal of space is often unnecessarily lost. For example, 


it is indispensable in formule to write a fraction, such as “4 in the 


manner in which it here appears; but if this be done in the text, a 
line is lost ; and, generally speaking, a : b, or a+b, would do as well 
in mere explanation. Also, in printing, redundancies which are 
tolerated in writing, should be avoided, such as ./7, where «/7 would 
do as well. 

9. Strange and unusual symbols should be avoided, unless there be 
necessity for a very unusual number of symbols. The use of script 


letters, such as Bf FZ &c., or old English letters, as A, 38, a, b, 


&e., except in very peculiar circumstances, is barbarous. A little . 
attention to the development of the resources of established notation 
will prevent the necessity of having recourse to such alphabets. Nor 
is it wise to adopt those distinctions in print which are not easily 
copied in writing, or which it is then difficult to preserve: such as the 
use of A and A, &c., in different senses; even the distinction of 
ery and Italic small letters, a and a, &c., should be sparingly intro- 
ui 

10. Among the worst of barbarisms is that of introducing symbols 
which are quite new in mathematical but perfectly understood in 
common lan; . Writers have borrowed from the Germans the 
abbreviation n! to signify 1.2.3...(n—1)n, which gives their 
pages the appearance of expressing surprise and admiration that 2, 3, 
4, &c., should be found in mathematical results. 

The subject of mathematical printing has never been methodically 
treated, and many details are left to the compositor which should be 
attended to by the mathematician. Until some mathematician shall 
turn printer, or some printer mathematician, it is hardly to be hoped 
that this subject will be properly treated. 

The elements of mathematical notation are as follows :— 

1. The capitals of the Roman alphabet, and the small letters of the 
Italic. The small Roman letters and the Italic capitals are rarely used, 
and should be kept in reserve for rare occasions. 

2. The small letters of the Greek alphabet and such capitals as are 
distinguishable from the corresponding Roman ones, as A, ®, ¥. 

3. The Arabic numerals, and occasionally the Roman ones. 

Of all these there should be three different sizes in a good mathe- 
matical press, and the different sorts should bear a much better 
proportion to one another than is usual. The Greek letters seldom set 
properly with the Roman ones, and few indeed are the instances in 
which such symbols as : 


qm" e(l+e)? 


are, as they ought to be, good copies of the manner in which they are 
written. handwriting of a bad writer is frequently more intel- 
ligible to the mathematical eye than the product of the press. Among 
the faults to which the compositor is naturally subject, and which 
frequently remain uncorrected by the author, is that of placing bla, ks 
or spaces in the manner in which he would-do in ordinary matter, by 
which he is allowed to separate symbols which are in such close ecn- 
nection that absolute junction would not be undesirable, For instance, 
cos @ for cos@, (a b+¢ d) for (ab+ed). As a general rule, the manii- 
script should be imitated. : 

4, Accents, superfixed and suffixed,as in a", a, These are generally 
continued, when they become too numerous, by Roman numerals, as 
in @,, Dy yy My Diny Gy y Avis &e. - 

The signs +—x+: , and the line which separates the 
numerator from the denominator, Of these there are generally not 
sizes enough, particularly as to the sign —. It frequently happens 
that such an expression as (e—1) («—2)(—3) &c. overruns a line very 
inconveniently, when the use of a shorter negative sign, as in («—1) 
(x-2) «-8) would avoid such a cireumstance altogether, Between 
the division line of a fraction and the numerator and denominator 
unsightly spaces very often occur, as in 


. b 

6. The integral sign J: with its limits expressed, as in J. |: the 

bols of nothing and infinity, 0 and «. 
vw Brackets, parentbodes; &e. [ ],(), { }, &e. These are often not 
properly accommodated to the size of the intervening expressions, 
Gectiowtasly in thickness. 

8. The signs of equality, &., =, <,>. 

9. Occasionally, but rarely, a bar or a dot is used over a letter, as 
aord. Insome works, accents and letters are placed on the left of a 
symbol, as in ‘a, *a,,a. This however should be avoided, as it is 
difficult to tel to which letter the symbol belongs; and there are 
ample means of expression in what has been already described. 

here are no general rules laid down for the use of notation : a few 
hints however may be collected from the practice of the best writers 
of recent times. 

1. When a letter is to be often used, it should be, 38 ponsiita ® 
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small letter, not a capital. The latter species is generally used for 
a The fe ti 3, and D priated fi ti f th 

2. The letters d, A, 3, and D, are aj i or 0} ions of the 
differential calculus,and should Pid be used in at other sense. 

3. When co-ordinates are used, the letters x, y, z, must be reserved 
to signify them ; 2, y, z, and £, 9, ¢ may be used if different ies be 
required, and if @’, y’', 7, &c., or %,, y,, % &e,, should not be judged con- 
venient. 

4. When functional symbols are wanted, the letters 9, ¥, x, F, J, 
*, ¥, should be first reserved for them; afterwards 7, #, 7, sometimes 
™, & By ¥ 

5. The letter = is, by universal consent, appropriated to 3°14159 
.«., and ¢ (by the French ¢) to 2°71828....; T° to the functional 
symbol for 1 33. n. y 

6. When many operations of differentiation occur, superfixed accents 
should be avoided in any other sense than that of differentiation. 

7. When exponents are wanted to aid in signifying operations, the 
powers should be carefully distinguished. . Thus, in a process in which 
sin—x is very much used for the angle whose sine is 2, the square 
cube, &e., of sing should not be sin*z, sin’z, &c., but (sinz)*, (sinwx)*, 
&e. Some writers would have the latter notation employed in all 
cases; but this is, we think, asking a little too much. . 

8. Greek letters are generally used for angles, and Italic letters for 
lines, in geometry. To this rule it is desirable to adhere as far as 
possible, but it cannot. be made universal. 

9. Suffixed numerals are generally the icular values of some 
function. Thus a, means a function of v, of which the values for 
v=0, v=1, &c. are dy , a , &e. 

10, As to the radical sign, ./a, 2/ a, &c., do not generally mean any 
one of the square roots, cube roots, &c., of a, but the simple arith- 
metical root. The indeterminate root is usually denoted by the 
exponent, Thus a-- «/b may be necessary, but a-+b! has a super- 
fluity. 

11. The same letters should be used, so far as possible, in the same 
sense throughout any one work; and some preceding good writer 
should be followed. As a general rule, those only are entitled to 
invent new symbols who cannot express the results of their own 
investigations without them. 

The writer who is most universally acknowledged to be a good guide 
in the matter of notation is Lagrange. This subject is of great 
importance; but fortunately it is pretty certain that no really bad 
symbol, or system of symbols, can permanently prevail. Mathematical 
language, as already observed, is, and always has been, in a state of 
gentle fermentation, which throws up and rejects all that cannot 
assimilate with the rest. A received system may check, but cannot 
ultimately hinder, discovery : the latter, when it comes, points out 
from what symbolic error it was so long in arriying, and suggests the 
proper remedy. 

For the progress of mathematical language, see MaTHEMATICS, 
Recenry TERMINOLOGY In; and TRANSCENDENTAL : see also SYMMETRY. 

SYMMETRY, SYMMETRICAL (Mathematics), These terms are 
now applied to order and regularity of any kind, but this is not their 
mathematical meaning. Euclid frst used the word “ stmmetros” 
(cdpperpos) to signify commensurable, and this well-known Latin word 
is in fact merely the literal translation of the Greek: two magnitudes 
then were symmetrical which admitted of a common measure. In later 
times, and those comparatively recent, the word was adopted both in 
geometry and algebra in different senses. 

Since symmetrical applies in its etymology to two magnitudes which 
can be measured together (by the same magnitude), the term would, 
as to space-magnitudes, naturally apply to those which may be made 
to coincide. But the term kee ad occupied this ground ; and when, 
in Euclid, the word equal, which was originally defined in the manner 
just expressed, had degenerated into signifying equality of area only, 
the term StaiLar entered to express sameness of form, so that figures 
having perfect capability of coincidence, or the same both in size and 
form, were called equal and similar. The word symmetrical was 
therefore not wanted, and was finally introduced to signify that 
obvious relation of equal and similar figures which refers to their 
position merely, and consists in their corresponding portions being 
similarly p on different sides of the same straight line; so that 
coincidence cannot be procured without turning one figure round that 
straight line. Suppose, for instance, the front of a building to be 
symmetrical ; draw a vertical line through the middle of the elevation, 
and the two lateral portions are equal and similar, as Euclid uses those 
words. But they are more than equal and similar; they are sym- 
metrical ; the right-hand side stands in the right-hand portion of space, 
with respect to the dividing line, and in exactly the same manner as 
the left-hand side stands in the left-hand oui of space. If the 
architect were to preserve equality and similarity, without Mr tA 
he would make two left sides, or two right sides, to his building, but 
not one right and one left. In the letter w there is a want of sym- 
metry, but not in o: to make w symmetrical, both the inner lines 
should be thin, and both the outer ones thick. 

Euclid assumes the power of turning a plane round, 80 as to apply 
the faces of two figures to one another, in such manner that, after the 
application, the spectator must be supposed to see through the 
or other imaginary substance of which his plane is the surface, He 


has then no occasion to consider symmetry; that is, figures being 
ual and similar, no cases can arise in which it makes any difference — 
metrical or not. When he 


of demonstration whether they be 


interchanged, or if each were made to take the place of the 
Thus, 


w+ a®x+ab+ ba 
is symmetrical with respect to a and 6; interchange would give “a 
2+ e+ba+ ae, > 


the same as before. But this expression is not symmetrical with respect — 
to a and 2, for interchange would here give : 


@+ea+ab+ Pa, 


An expression is symmetrical with respect to any number of letters — 
when any two of them whatsoever may be interchanged without altera- _ 
tion of the function. F a ae +ab? Rates i nf * be? is sym 
cal with respect to a, b, and ec, It is not cien certain contem-— 
poraneous hanged should be practicable without producing alteration : 
any two must be interchangeable, the rest remaining, Thus a*b+ 
ic +a is unaltered if @ become b, b become c, and ¢ become a, at the 
same time, but it is not symmetrical; for if @ and 6 only be inter- 
changed, it becomes 0°a + a*c + c*b, or is altered. , ae 

Attention to symmetry is of the utmost consequence in mathematical — 
notation. Here the word means that quantities which in any manner — 
have a common relation should have something common in the symbols — 
of notation; and analogy is perhaps a better word ‘than symmetry, — 
Suppose, for instance, we had taken, for the equation of a SuRFACE OF 
THE SECOND DEGREE, aa? + by? + c2 + day + exz+ fyz+ gu thy +ke+l=0, — 
Our formule would have been confused masses of letters, no set of 
which would haye presented any similarity, or have easily remained in 
the memory. But in the article cited there is no set of formulm of 


which more than one need be remembered ; the others must be sug- 
gested by it. 

SYMMETRY, CENTRE OF, [Cenrre, col. 734.] 
SYMPATHETIC INK. [Copatr.] . ae 
SYMPHONY (ovy, with, and wrt, sound), a term very differ 
understood at different periods of musical history. Some write 
according to Zarlino (Parte 8za, cap. Ixxix.), have considered it as 
instrument of the lyre kind. Others have thought it a sort of dru 
If an instrument, that it was used as an accompaniment—most pro- 
bably to the voice—the word in its original signification leads us~ 
naturally to conjecture. wh 

With the moderns, Symphony, or Sinfonia, signifies a musical com- — 
position for a full band of ruments, and, up to the latter part of 
the last century, the word was synonymous with overture ; ki 
phonies, and among these several of Haydn's early ones, having bi 
called overtures. Even at the present the overture in the - 
poser’s score of an Italian opera is y termed Sinfonia. ( 
modern phony generally consists of four movements: a bri 7 
allegro, which is commonly preceded by a slow introduction ; an ex- 
pressive adagio or andante; a minuet with its trio; and a finale, 
Instead of the minuet, what is called a Scherzo, a short, animated, 
sportive movement, is sometimes substituted. But composers are nob 
restricted by any rule regarding the number of movements. Mozart's — 
second symphony in p has but three, besides the slow introduction ; 
while Beethoven's Pastoral and Choral symphonies may be said to — 
comprise six or more. : f 

Symphony is a term also applied to the instrumental introductions, — 
terminations, &c., of vocal compositions; and these are sometimes — 
called ritornels, from the French ritournelle, or the Italian ritornello, — 

SYMPIESOMETER. [Baromerer.] 


SYMPTOM (cvur7eua, an incident, or coincidence) is any change in 
the appearance or functions of the body differen rhe Cine isk 
< 
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occur in health, and perceptible to the senses either of the patient or 
his physician." Symptoms mist not be doeitouated Witte wlecait Ut 


of facts by means of our senses us 


° 
s in the head not unfrequently attends 
inflammation of the lungs, but is a symptom of very small importance, 
while slight pain in the side, or a streak of blood in the expectoration, 
a very valuable sign, and helps to disclose the nature of the 


ymptoms are best divided into the essential, which are peculiar to 
certain diseases, the accidental, produced by some cireumstance of 
unusual occurrence, and the common, which are met with alike in 


various complaints. 
eee br medicine which frevis of eyoeptome je called Symptom- 
ri i ied to the investigation of the 
parative value. 
es any 
e Jews, to 


Hi 
it 


lishments may be referred to that period. Being 
then debarred from their customary religious observances, they were 
y, to hear portions of the 
who ultimately returned from 


H 
i 
4 
es 
: 


days 
and ). The services consisted chiefly in prayer, and in the 
reading and exposition of the sacred books. At first the readings were 
to comprehend portions 


i 
iF 
i 
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m 
the synagogues had any peculiar form; but each of 
hich the volume of the law was 
at the east end was an ark or chest in which that volume 
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; Acts, xxii.19.) The affairs of the were 
eee ere oe oe orm 
scvvaryoryés), or “ ruler e e,” who regula‘ 
oe without tor leave no one A read or preach. 
(Mark, vy. 22; Luke, xiii. 14.) Next to him was the officer called 
w2aE moa “ Sheliach taibbor,” or “ angel (messenger) of the church,” 
who prayed in behalf of the congregation, The 1$IJ “ Chazan,” who is 
the reader in modern the “ minister” 
—_ iv. 20) who or vores’ 4 the sacred books. As it i ser 

Acta, i i, it is 
that 


archisynagogi, ble 
the committee of elders, by whom syna- 


t 
: 


H 


the ancient u are still 
maintained in the modern es. CE peers that can 
be convenien iated is still chosen for the site of a synagogue. 
In this the world it extends east and west, with the entrance, 
GE dltacipa) scttrance, ih'the went, hit be tid enter, and as they 
sit, their faces be turned towards the of Canaan. The altar 
or desk is on a platform surrounded by a wooden rail, and 


is 
enough to contain several persons: the women do not mingle with the 


men, but have a separate part an there be one), where’ a | persons 


The men keep’their 


The first synagogue in England of which we have historical know- 
ledge is that which, in the reign of William Rufus, existed at Oxford, 
where the Jews were then numerous; but it is likely that they had 
one then or before in London also, as the fact that their only burial- 
place in England was on the spot now called Jewin Street, indicates 
that this was their principal seat. In the reign of Henry III. they 
lost a synagogue, which they had erected in the Old Jewry, on the 
complaint of the Friars Penitent in the neighbourhood, that they could 
not consecrate the elements in quiet on account of their “howlings. 
So late as the reign of George II. the only synagogues allowed in 
England were the two in London, one for the Portuguese Jews in 
Bevis Marks, and the other for the German Jews, in Duke's Place, 
There is now no restriction; they have several synagogues in London, 
and at least one in most of the principal towns, and the total number 
in England was fifty-three in 1860. 

SYNAPTASE. [Ferment] 

_ SYNCELLUS (ctyxeddos), a Greek word, equivalent to concellaneus 
in Latin, and meaning a person who inhabits the same chamber (cella) 
with another, was used by the Christians of the early and middle ages 
as the name of an ecclesiastical dignity. The Syncellus was constantly 
with the patriarch, metropolitan, or bishop, as an inspector of his life 
and manners. The successors to the patriarchs and metropolitans were 
very often chosen from the Syncelli. Their rank was very high, and 
at one time they even claimed precedence over the metropolitans. 
Their number was considerable, till by a constitution of Heraclius the 
greatest number allowed in one church was two. 

The chief of the Syncelli was called Protosyncellus (mpwroabykeAAos), 
and the president of their assemblies was called mpwrompdedpos Trav 
TpwroruyKkéAAwy, 

The si bishops [BrsHor] were also called Syncelli. 


ar Cange, Glossar. Med. et Inf. Latin., 8. v. ‘ Syncellus.’) 
YNCOPATION, in Music, is when the first bal 
on the unaccented or weak 
tinued and terminates on 1 
ly | Music.] Example :— 


f of a note begins 
of a bar,and the other half is con- 
accented or strong part. [AccENT, in 


C 
r 
t 

t + -E: 1S ar = rc 


In this example the upper part, or melody, consists in fact of a 
succession of syncopating minims; but the bar dividing the alternate 
ones, they can only be written as two ‘crotchets bound together: 
though ‘formerly the bar was, in most cases, made to cut the note in 
two. Example :— ’ 


&e. 


rt oa 


ted notes are, Wy some writers, termed driving notes. 

SYNCOPE (cvyxorn, literally a cutting in pieces, a sudden failure 
of power or ), fainting. A sudden impairment or complete 
loss of sensation and voluntary motion, with great diminution or 
almost total abolition of the heart’s action and of the function of 


‘ainting sometimes occurs quite suddenly, but is usually ushered in 
by certain premonitory sym . These are a sense of languor and 
uneasiness, ect of Pertar A ry i a the bg Se of 

ight, ringing in ears, cold sweats, paleness of the , and 
Sihtiead ef the extremities, These continue for some time, and then 
either pass away, or are followed by swooning, a state of complete 
faintness, during which the pulse is altogether imperceptible at the. 
wrist, and respiration nearly ceases. When a fainting fit comes on 
suddenly and without any warning, it is usually more profound than 
when it has been by the symptoms just enumerated. 
Recovery from fainting is frequently attended with palpitation of the 
heart, and sensations more distressing than those which ushered in the 
attack. The duration of a fainting fit seldom exceeds a few minutes 
or even seconds, but instances are on record of persons continuing in a 
swoon for many hours. 4 
The immediate cause of fainting is, in all instances, some interruption 
to the due transmission of blood to the brain, Various circumstances 
however, both moral and physical, interfere with the circulation, either 
through the medium of the nervous system, or by acting directly on 
the heart itself. Persons swoon from any violent and sudden moral 
emotion, as terror, grief, disappointment, or even excessive joy. The 
sight of blood or of any object which excites disgust occasions some 
Pintil of Gbiewiam, "Very susofiile iadiiduale bao’ Poon aol 
inful or otherwise. e indivi ve own 
to faint on perceiving the odour of certain flowers, and unpleasant 
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smells still more cas Spear Brtics faintness. The abstraction of a 
large quantity of blood probably has a more immediate action on the 
heart; and to the disturbance of the circulation must be attributed 
those fainting fits which sometimes occur in the course of diseases of 
the heart. The sudden transition from a horizontal to a sitting posture 
when ns are very weak, or have lost a large quantity of blood, 
probably acts in both ways at once ; and fainting sometimes takes place 
from other causes, such as heatéd rooms, &c., of which we cannot well 
explain the action. 

Fainting may be confounded with apoplexy or asphyxia; and if it 
continues for an unusually long time, the person may be supposed to 
be dead. A little attention however will prevent our mistaking an 
apoplectic person, who breathes loudly and with a snoring noise, for a 
person in a swoon, whose respiration is gentle, and almost impercep- 
tible, and whose pulse either cannot be felt at all, or is at any rate 
extremely weak.. Asphyxia is a state of suspended animation, brought 
on by some cause interfering directly with respiration ; it is marked 
by tumor and lividity of the face, while the face of a person in a faint- 
ing fit is pale and sunken. The continuance of respiration and of the 
heart’s action, though very feeble, the temperature of the body, and 
the absence of all stiffness of the limbs, would sufficiently distinguish 

cope from death ; but it must be very unusual for fainting to con- 
tinue for a few minutes without there appearing some evident signs of 
life. [AspHyx1a.] 

In the treatment of a person who has fainted, the first point is to 
pee him in the recumbent posture ; and in the case of fainting after 

lood-letting, nothing more is in general required. Exposure to the 
cool air, sprinkling cold water on the face, and friction of the 
limbs may be employed if the fit continues; and a small quantity 
of ether or sal-volatile may be given as soon as the person can 
swallow. The horizontal posture should be preserved until recovery 
is complete. 

SYNDIC comes from the Greek “ syndicos” (ctvdixos). The Greek 
word Syndicos originally signified one who aided another in a matter 
before a court of justice, and hence it came to signify generally an 
advocate, one who maintained another's cause before a court of justice. 
Syndicos also signified at Athens one who was appointed by the state 
to attend to its interests in any matter in dispute between Athens and 
another state: thus Aischines was elected their Syndicos by the 
Athenians in a matter relating to the temple at Delos, (Demosthen. 
Thep) Srepdvov, c. 42.) There were also functionaries at Athens called 
Syndici, who were appointed, after the establishment of the tyranny 
of the Thirty, to decide on cases of confiscated property. The word 
Syndicus passed into the Latin language. It often occurs in the 
‘Digest’ in the sense of an attorney or agent for a university or corpo- 
rate body : in this sense it is used as synonymous with Actor by Gaius. 
(‘ Dig.’ 3, tit. 4,8, 1.) In the middle ages also the word Syndicus was 
in common use, and was frequently given to the agent or factor 
appointed by corporate bodies to manage their common affairs, and 
especially to represent them in courts of law. Crevier, in various 
places, designates the syndic of the university, or of the faculty of 
arts, by the equivalent names of procureur, agent, greflier (iii. 230; iv. 
309; v. 459). In the same sense most of the other corporate bodies 
in Paris and other French towns used to have their syndics; and the 
syndic was also the usual name for the solicitor to the community, or 
town-clerk, in the towns of Languedoc and Provence. The clergy, in 
like manner, had their Syndics Généraux, Syndics Diocésains, and 
Syndies Provinciaux ; and Syndies, or agents resident at Paris, were 
also appointed by most of the religious orders. The functions of the 
different syndics however varied considerably ; some were mere agents 
or solicitors, others were representatives of their corporations in a 
higher sense, sometimes acting as their presidents, and deciding causes, 
instead of merely conducting them. . The four chief magistrates of the 
city of Geneva used to be called Syndics. Among the Burdegalenses 
(or people of the district of which Bordeaux is the capital), the office 
of Syndic, supposed to have meant originally the defender of a militai 
post, became in course of time an hereditary title of nobility ; of whic 
several instances occur in Froissart, and other chroniclers of the 14th 
century. In more recent times, when Louis XIV., in 1701, directed 
the establishment of chambers of commerce in the principal towns of 
France, the merchants and other persons composing them were ap- 
pointed to be called Syndics du Commerce, or Syndics de la Chambre 
de Commerce. For the significations of the various old words derived 
from or connected with Syndicus, the reader is referred to Ducange, 
‘ Gloss, M. et I. L.,’ vi. 928-931; and ‘Supplem.,’ iii. 932. We shall 
merely mention that the French have the verb “syndiquer,” for to 
judge or censure, as we formerly said “ to syndicate” in the same 
sense, 

SYNOCHUS and SYNOCHA, forms of fever recognised by most 
of the older and many recent writers on the practice of medicine. 
Sauvages defined Synochus to be a fever which lasted more than a 
fortnight without materially weakening the pulse; whilst Cullen used 
this term to express a fever which combined the two forms of inflam- 
matory and putrid fever, that is, a fever which at its commencement 
was inflammatory and at its close putrid. ‘The inflammatory form of 
fever which was characterised by running its course rapidly, and marked 
by high excitement of the heart and arteries, was called Synocha by 
Cullen, <A putrid and low form of fever was called Typhus. The latter 


term is now, however, applied to all continued cont 


ous fevers, and 
the former terms are not often used at all. (Fever, Conrinven. 


SYNOD, a Greek word, Ztvobdos (literally, “a coming i 
adopted by the Saxons, sometimes used for an assembly of any kind, 
but much more commonly for an assembly gathered for codleshantietl 


purposes, and more particularly for an assembly of bishops or presbyters 
deputed by various churches or branches of the universal church to 


meet at an appointed place, there to deliberate on points of doctrine or 
other matters relating to the ion and wi of the church, 
These synods are also called councils. Of these the hi are called 
ecumenical, by which is meant representative of the different 


branches of the church established throughout the habitable world 
(olkounevn). [GEcumENtcAL CounciLs.] 

Very few synods or councils have been held in the Protestant 
churches. By far the most remarkable is that of Dordrecht or Dort, 
which was assembled in the reign of our king James I. Its peee: 
object was to com the differences existing between the Calvinian 
and Arminian parties in the Protestant church. The former ed. 

The doctrine of the Church of England respecting ils may be 
seen in the Twenty-first Article. 

Lists, very full and perhaps complete, of the seyeral councils which 
have been held, may be found in many treatises on chronology, particu 
larly the ‘ Tablettes Chronologiques, of M. Dufresnoy; and in ‘ L’Art — 
de Vérifier les Dates.’ 

SYNODIC, SYNODIC REVOLUTION (cdvodos, conjunction of 
paths). The synodic revolution of two bodies which move round a 
common centre is that ion of one or more actual revolutions in 
which they go through all their possible relative positions. The — 
simplest instance which can be given is that of the two hands of a 
watch: the absolute revolution of the minute hand is made in one 
hour, that of the hour hand in twelve hours; but the synodie revolu- 
tion of the two hands is the interval which elapses between any time 
mh tage gy? are together, and the next time at which the same thing 

es place. 

Every phenomenon which depends upon the relative position of two 
revolving bodies cannot complete all its phases in less than a synodic 
revolution, Thus, in the case of the sun and moon, the total dis- 
appearance of the latter which takes place when they are nearest in the — 
heavens, cannot take place again until they are again at their nearest, 
that is, until the moon has not only completed the circuit of the 
heavens, but has further progressed until she overtakes the sun. The 
actual revolution of the moon is not an object of interest, except to — 
those who watch her p among the fixed stars: the phases which 
are visible to all the world depend solely on her motion relatively to 
that of the sun. Those who would make a common watch tell time in a 
manner resembling the indications of luni-solar phenomena must rub 
out the marks of minutes and hours from the dial-plate, and choose for 
an interval of measurement that which elapses between successive con- 
junctions of the minute and hour hands. 

If the two revolutions be made in the same direction, and if T and ¢ 
be their respective times, 1 being the greater, the time of the synodie 
revolution is 

Tt 


Tt 


For, if x be the time of a synodic revolution, the portion of an actual — 
revolution which the quicker has gained upon the slower is 
a ‘ 
foes { 
but by hypothesis this is a whole revolution, since the eynodie vee 
is nothing but the time in which the quicker gains a whole ution 
upon the slower. Equate the last formula to unity, and the resulting 
value of x is the first formula. But if the two revolutions be made in 
opposite directions, the synodic revolution is made in the time. . 
Tt 
T+ T° 


Thus in the case of the hands of a watch, T=12",¢=1"; and H of an 

hour, or 1" 5" §, is the interval of two conjunctions of the two t 
To find roughly the synodic period of the sun and moon, let us take 

the sun’s actual revolution at 365} days, and moon’s at 274 days. We 


have then 
8651 x 273 
365}—271 


SYNONYME. The word synonyme “is applied to different words, 
which mean, or are supposed to mean, the same thing: as 
courses ; virtue, goodness; vice, wickedness. Though words are 0 
considered to be synonymous, it is probable that very few words in 
the same language really are synonymous. If we compare two lan- 
guages, we may find synonymes; thus the words for man, horse, dog, 
&c., taken in any number of languages, may be considered synonymous, — 
Words belonging to the same may also be synonymous, where 
the language has received additions from various other 
among which additions there may be terms which are synonymous (in — 
the modern sense) with native terms of the into which they — 
are introduced. Thus in English there may be Saxon terms which are, 


= 293 days nearly. 
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or rather once were, ous with other terms which have been 
introduced into the ish immediately from the Latin, or through 
the medium of a gerard and the French. It is said “once were,” 
because though w may have been ous originally, and 
introduced by writers for the sake of niaiy Go aids, or to avoid 
repetition of the same word, it rarely happens that such words con- 
tinue to have their original meaning. 

SYNTAX. [Lancvace; Orcanon.] 

SYNTHESI Awatysis.] 

SYNTHESIS, C ICAL. The process of forming a chemical 
compound from its constituents; thus the production of phosphoric 
acid by the combustion of oxygen in air is a synthetical operation. 
The synthesis of inorganic substances is generally easily accomplished, 
but that of organic bodies is much more difficult. [Orcanic Com- 


Ppounns, Artificial production of.] 

SYNTONIN. A name given by Mulder to the fibrin of the 
muscles. 

SYPHON. [Srruoy.] 

SYPHON GAUGE. [Srenon ig . 

SYPHON, RE . [Water Works. ] 


SYREN, an instrument invented by M. Cagniard de la Tour for 
determining the number of vibrations per second of any given note. 


a 


= H U 


[>| 


The fanciful name of the instrument was given from the fact that it 
is capable of exciting vibrations in water or any other fluid. It con- 
sists of a cylindrical chamber of brass c, about 3 inches’ in diameter, 

4 inch high, connected with which is a tube B, which fits into 


q 
; 
& 


extremity a perpetual screw which gives 

00 teeth, and this acts on a hundreds wheel, 
in on a thousands wheel, marked t. Now 

suppose each circle of holes to contain 25. On sending a blast of air 
i i the holes in c, cause the disc h 


aoe in fact, 25 waves of sound. One hole in each disc 
produce, with a given velocity, the same note as 25, but the 
larger num a louder tone. By ting the force of the 
blast, be in , 80 a8 to produce notes 
from the gravest jto the most acute. By making the syren give the 
note, the velocity of whose vibrations we wish to determine (that of a 
— for example), the total number of rotations of the disc, as 
by the dials attached to the wheels vu, u, 7, divided by the 
of seconds during which the observation is being made, will 
number of vibrations per second for the note in question. By 
adjustment, the endless screw can be put in and out of gear 
teeth of the wheels in a moment, so that the registration need 
begin until the instrument is sounding the note fully and freely. 
pendulum should also be at hand, beating audibly, so that 
observer may in to count the moment the screw is in 
Some ice is required to make the instrument sustain the 
for 8 or 10 seconds. Graduated dial-plates and moving hands, as 
a gasmeter, are connected with the wheels v, u, 7,80 that the 
ber of vibrations can be read off by simple inspection. 
SYRIAC LANGUAGE, [Aramaan Lanovace; Lanouace.] 


i 


ae 
te 


li 


anf 


Hie 


SYRIAC VERSIONS of the Bible. Of these several exist, two of 
which are of considerable importance. 1. “The Peshito (literal) 
Version,” also called “The Old Syriac Version,” is one of the most 
ancient and valuable translations of the Bible. The date of its execu- 
tion is unknown; but it is certainly of a high antiquity. It is re- 
ferred to by Ephrem the Syrian, in the middle of the 4th century, as 
generally known and used, and therefore it must have been in existence 
a considerable time before. Modern critics have referred its date 
variously to the Ist, 2nd, and 3rd centuries, the majority to the Ist. 
The opinion now generally adopted is that of Michaelis, who ascribes 
the translation of both Testaments to the most flourishing period of 
the Syrian Churches, namely, the end of the 1st and the beginning of 
the 2nd century. . 

The version of the Old Testament was certainly made from the 
Hebrew, which it closely follows; but there are indications of the 
translator having made use of the Septuagint and of the Chaldee para- 
phrase. The great antiquity of this version, much higher than that“of 
any existing Hebrew manuscript of the Old Testament, makes it a 
most valuable source of biblical criticism. It is on the whole a very 

translation, but not equal throughout. A different method of 
interpretation is followed in different books, for instance in the Penta- 
teuch and the Chronicles. From this circumstance Jahn infers that 
it was the work of different persons. Several peculiarities tend to 
prove that the translators were Christians, and probably converted 
Hebrews. 

The version of the New Testament contains the four Gospels, the 
Acts of the Apostles, the Epistles of Paul (including that to the He- 
brews), the First Epistle of John, the First Epistle of Peter, and the 
Epistle of James. It is undoubtedly one of the best versions of the 
New Testament in any Janguage, and is used as their standard by the 
churches of Syria and the . 

The version of the Old Testament was first printed in the Paris 
Polyglott, but from an imperfect manuscript ; the pommens which were 
wanting were indifferently translated by Gabriel Sionita from the 
Vulgate. This text, revised by the help of four manuscripts, was 
reprinted in Walton’s Polyglott, but was on the whole carelessly done. 
The best version is that of the Rev. C. Buchanan and Professor Lee, 
published by the British and Foreign Bible Society in 1816, which has 
been translated by the Rev. James Murdock, and was published in New 
York in 1851. The version of the New Testament was first brought 
into Europe by Moses of Mardin, who was sent by Ignatius, the pa- 
triarch of Antioch, on a mission to Pope Julius ITI. in 1552. It was 
first ae at Vienna in 1555, at the expense of the emperor Fer- 

There is a later and very inferior translation of the books of the New 
Testament which are wanting in the Peshito, namely, the second 
Epistle of Peter, the second and third of John, the Epistle of Jude, 
= the Apocalypse, made from the original Greek, probably in the 
6th century. 

2. The Philoxenian, or Syro-Philoxenian Version of the New Testa- 
ment, is so called from Philoxenus, bishop of Hierapolis, in the pro- 
vince of Aleppo (488-518), under whose auspices it was translated by 
Polycarp. It was revised by Thomas of Heraclea in 616. It is trans-* 
lated from the Greek text, but is very inferior to the Peshito. 

In 1842 an imperfect copy of the four Gospels was brought by Arch- 
deacon Tattam from the monastery of St. Mary Dei in Syria, and 
is now in the library of the British Museum. It been carefully 
edited, and translated by Dr. William Cureton, who considers its date 
to be of the 5th century. It differs from the Peshito, as well as from 
the Septuagint and the Greek in many passages, which are pointed out 
by Mr. Cureton in the printed edition published in 1858. 

There are other Syriac Versions, not of sufficient importance to 
require a separate notice. 

A list of the editions of the Syriac Versions is given in the ‘ Biblio- 

phical Appendix’ to the second yolume of Horne’s ‘ Introduction.’ 

SYRINGE (from Svpryé, a pipe), a portable hydraulic instrument of 
the pump kind, commonly employed for the forcible ejection of fluids. 
In its simplest form it consists of. a cylindrical tube, with a perforated 
nozzle at one end, and a piston, to the rod of which a handle is attached. 
The tube being held in the left hand, with its nozzle immersed in water, 
the piston is drawn to the upper end of the tube by the right hand. 
The pressure of the atmosphere upon the surface of the water causes it 
to follow the piston, so that the syringe becomes filled with water. 
The instrument is then removed from the vessel of water, and, by 
pushing the piston back towards the nozzle, its contents may be ejected 
with a force proportionate to the power applied to the piston. 

The use of syringes for extinguishing fires is alluded to under Firz- 
Enatye. They were usually made of brass, and held from two to four 
quarts each. Those of the former capacity were about two feet and a 
half long, and one inch and a half in diameter, that of the nozzle being 
half an inch. They were furnished with handles on each side, and 
every syringe required three men to work it. The large syringes used 
for horticultural purposes might, in many cases, be used with advan- 
tage on the first discovery of a fire, when a yery small quantity of 
water, promptly applied and accurately directed, might prevent serious 
mischief. Garden-syringes are made either to throw water in a com- 
pact jet, from a simple nozzle with one perforation, or to distribute it 
in the form of a shower, from a rose perforated with a number of 
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small holes. In the latter case it is usual to add a nozzle of compara- 
tively large bore, through which water is allowed to enter, although a 
self-acting valve prevents it from ing the same way. Several 
different caps may be fitted to the same we; those for throwing 
jets having the injection and ejection nozzles side by side, while those 
‘or producing showers have the injection nozzlé in the centre of the 


rose. § Hey also be applied with advantage in washing car- 
riages, cleaning windows, and for other useful purposes. Mr. Baddeley 
has introduced many improvements in garden-syrin, 


ges. 

In medicine and surgery of various kinds are employed in 
administering clysters; in injecting fluids into, or removing them from, 
the stomach or bladder ; injecting liquids into wounds ; and injecting 
coloured liquors or melted wax into veins, &c., in anatomical pope: 
tions. The application of the syringe as a stomach-pump is peculiarly 
important. in this case a flexible tube is put into the mouth of the 
patient, with a guard between the teeth to preserve it from injury, and 
a branch pipe is added to supply the syringe with liquid from a vessel, 
when it is used for injection, and to afford a channel for the escape of 
the abstracted liquid when the syringe is employed to empty the 

1 By an ingenious ent of valves, the same instrument 
may be so modified as to act equally well in either way. One method 
of using such an instrument is, first to inject a diluent into the 
stomach, and then to pump it back again, er with the injurious 
matter which it is desired to remove. Another plan is to inject a 
fluid into the stomach until an involuntary discharge takes place 
through the mouth, and to continue the operation until the stomach is 
éleansed, this being indicated by the fluid returning unchanged. 

Mr. James Harris, of Plymouth, in 1822, devised a method of pre- 
serving oil-colours for painting in syri formed of tin, or of brass 
tinned internally. A similar contrivance, in which the details differ 
from Mr. Harris's, although the same principle, that of propelling the 
Reon hy means of a screw, is preserved, has been brought into use; 
but tubes of yey thin metal, from Which ‘the colour is expressed by 
Collapsing the tube between the finger and thumb, without the use of 
a piston, have near] ee all other contrivances. 

SYRINGE, CONDENSING AND EXHAUSTING. [Arr-Pomp.] 

SYRINGIN. [Lracty.] ~ 

PyaUre are nett soincns of sugar, either in water sane, ee 
in simple syrup, or in liquids charged with some peculiar principle o: 
an active kind, such as senna or buckthorn, or merely pfstehil from its 
colour or fragrance, or both, such as syrup of violets. These must be 
ofa consistence, either by having a suitable quantity of sugar 
added to the water at first, or by subsequent evaporation of the super- 
fluous water. The former is the preferable mode, as the syrup keeps 
better. The purest and most thoroughly refined sugar should be 
ey et ee and generally in the proportion of two parts of sugar to one 
of fluid. Less sugar is néeded where acid syrups are to be made, as in 
wee of mulberries, and still less where vinous syrups are made, 
When made, the syrup is to be preserved in closely-stopped bottles, 
and kept in a coo] place, the temperature of which never exceeds 55° 
Fahr.; but, with every precaution, fermentation is apt to occur, par- 
Sotlerty if warm or boiling water has been employed to extract the 
vegetable principle, when cold water is most appropriate : so also with 
the syrup of poppies, which, when given in a state of fermentation to 
children, too often aggravates the disorder of the bowels it was 
intended to alleviate. To counteract the tendency to fermentation, 
rectified spirit is enjoined to be added to the sugar—an expensive 
proceeding, quite needless when cold water only is used in the pre- 
ceding stages. ‘When too little sugar is used, fermentation is still 
more apt to occur; when too much, the excess crystallises, Syrups 


SYSTEM (Astronomy). ed to every ear 7 of 
the disposition and internal arrangements of the solar system, or of t 
material creation generally, Thus we have the system of Ptolemy, 
of Copernicus, &c, Perhaps a short description of the distinctive 
pricey of the different systems may be uSeful in a work of — 

erence, ; 

Ptolemaic.—The earth is an absolutely fixed centre, and the planets — 
revolve in circles about centres which themselves revolve round the & 

Copernican.—The sun is a centre, round which the planets revolve. 
Some of the machinery of the Ptolemaic system is retained. = 

Tychonie.—The sun is a centre of motion to all the planets, whic 
revolve round it, while the sun and, planetary orbits are 
together round the earth as a fixed centre, 

Semi-Tychonic.—The sun ‘is a centre of motion to Mercury and 
Venus, as in the Tychonic, and the motions of the other planets Bee 
in the Ptolemaic system. ee 

Newtonian.—There is no fixed centre, the sun only approximating 
to that character from its greater itude. The orbits of the s 
are approximately represented by ellipses, exactly by ellipses of which - 
the elements vary. 2 

The Newtonian system is frequently called Copernican, from its 
rejecting what Copernicus rejected; but it is far from receiving all 
that Copernicus received. e introduction of the ellipse is due to 
Kepler. We have not included the system of Des Cartes [Vorticrs], 
because it has reference to physical causes, and contains no peculiarity 
of arrangement. [Protemaic System; Braue (Tycso), Coprrnious, 
and een in Broc. Drv.; Pruvcrpta; Graviration; SouarR Sys- — 
TEM, &c. i 

The term system is also applied to the subdivisions of the solar — 
system: thus we have the terrestrial, Jovial, Saturnian, Uranian — 
systems, =a 

SYSTEM (Mathematics), a word little used: we hear sometimes of | 
asystem of equations, or a system of curves or surfaces ; the former — 
meaning a set of equations which are related to each other in the same 
problem, the latter a class of curves or surfaces which are connected by 


any law. : 

SYSTEM, in the musical language of the Greeks, had the same 
signification as the word Scale has in modern music. [Scatr.] Each 
of the many genera of the ancients was a system in itself, if we hy ‘4 


asl | 


of 
harmony, that is to say, of the origin of chords, and of the manner of: 
treating them in composition. Thus we have the systems of 1 
Tartini, Kirnberger, &c, The system of Guido d’Arezzo, or t 
ascribed to him, included the elements of our t mode of nota- 
tion ; also the division of the scales into he ords, and a mode of 
solmisation founded on such division. [Gurpo D'AREzzo, in Broc. Dry ; _ 
HeExacuorbs. | : . a 
SYZYGIES AND QUADRATURES. Thesyzygies of a or of 
the moon are those points of its orbit at which it is in ction or 
opposition with the sun: the quadratures are the precisely intermediate 
Ss eee Thus at new and full moon the moon is in syzygies; 
moon, In q ures. ; i . 
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letter of 


. nue (nur), Eng. nut. [See C 
in Latin manuscripts is so 
in the orthography of oy teal ik thad engi 

y of many words in that language. 
bt that contio, an abbreviation of conventio (coventio, 
occurs in the so-called bacchanalian 


i 


to the forms concio, nuncius, 
ish editions of Latin authors. 


, as tu, 
trea, tenuis, tendo, tum, trudo, torqueo, pater, mater, of the former lan- 
guage, severally correspond to thou, three, thin, thump, then, thrust, 
throw, mother, of the latter. As the pair of words, 
observing that they both have a double 
pg agp pe Even the termination of the third person 
in the and old English verbs presents the same analogy, as amat, 
interchangeable with p. [See P (§§ 7, 8). 
feirchentebie with Bed ki (also dingua) 
le 4 us wi ingua ingua), 
dacr-uma), lacerare, ligare (also dicare), severally aj 


sond-ern, Eng. sund-er, sundry, &e. ; 

2 with n. perfect parti- 
ciple haldin we have a masc. nom. haldinn (for haldins), and a neuter 
nom. Aaldit ; for it is an error to treat the ¢ of this last form asa 
neuter suffix, seeing that neuters never differ from masculines except by 
curtailment. This of n with ¢ and d, accounts for the varied 
forms of our English 


change 
be aa holden, molten, melted, felt, and the 
Tdeateins Pia ths biphiting 22 dé before 2, as in latus, th 
T wo ore J, as in latus, the 
so-called iple of fero, but in fact connected with the Latin tollo, 
and the TAn-Mt, TaA-as, ToA-an. An older form of latus was 
tlatua or atlatus. 


Latin words pater, satis, vita, amatus, amata, reappear in 
pere, sez (in the compound as-sez, from ad-satis), vie, aimé, 
Similarly, from the map of Gallia, viewed in connection with 
may be derived the examples, Autura, Kure ; Catu- 
‘alauni, Chélona (sur Marne). 
words is cig Mieke ae Of the omission of a 
nciation, the French language has numerous examples, 
¢ is very probable that a final ¢ has in this way 
the third singular of many tenses in the 
il aimera, qu’il finisse, &e, In the interroga- 
int t really belongs to the verb, and 
its preservation in this form to the fact that a vowel follows. 
It is an error to attribute the inzertion of the letter to the necessity of 
an hiatus. Even the Greek language drops this ¢ in the suffix 
third i, a8 in Turre:, eturre, for Turreri, erurrere, Com- 
middle forts TUNTETGL, ETURTETO. 
before a vowel is often changed to a sibilant represented by s, sh, 
ch, &e. Thus from the Latin faction (factio) are derived the French 
and the English fashion. So avaritia, malitia, vitium, became in 
and English, avarice, malice, vice, 
TABERNACLE, THE (TyiD VETS, and sometimes, chiefly in 
Numbers, PATYT PPS or ITP DWH; LXX., cenvh, or oxfvwna 
700 paprvplov ; that is, the tabernacle of the testimony), was a sacred 


“ of the nature of a tent, which was set up by the 
in the wilderness for the worship of and ed with 


: 


= 
af 
2 


ze 


God when on Mount Sinai. 
viii. 5.) 
Without doubt temples existed in 


, and possibly in Palestine, 
before the period of the exode; but the Israelites were not in a 


fina. 


tion to raise an edifice while on their migration to the promised 


They therefore were directed by Moses to construct a tabernacle, The 
description of it is ndlcientiy given in Exodus xxvi; but the transla- 
tion of badgers’ skins for the covering, xxv, 5, and xxvi. 14, is an 
unfortunate one, as the badger does not exist in south-western Asia, 
and would have been also an unclean animal, not likely to have been 
selected to have formed any part of the structure. The Hebrew word 
is tachash, used nowhere else except in Ezekiel xvi. 10, where it is 
stated to be used for the shoes of women. It has been conjectured 
that it implied the colour, in which sense the Septuagint and the 
Chaldee and Syria versions interpret it, though such interpretation has 
no support from the etymology, or in any of the kindred lan, eS, 
There is little doubt that it means the skin of some animal. The seal 
has been suggested, but that is also a stranger to the region. Niebuhr 
and Ehrenburg believe it to have been the skin of a species of dolphin 
(the Halicora Hemprichii), which is perhaps the most likely, as the 
eae ot the present day use the skin of that animal for their shoes or 
sandals, 

Each of the sacred vessels and instruments had its appointed place 
in the tabernacle. Near the entrance of the outer court was the 
brazen altar of burnt offering, on which were presented all the burnt 
offerings and sin offerings which were not required to be offered with- 
out the camp. Farther on was the brazen laver, where the priests 
were required to wash their hands and feet before they entered into 
the tabernacle, , 

Within the Holy Place was the golden table of shewbread on the 
north side, the golden candlestick on the south side, and the golden 
altar of incense, with their instruments. In the Most Holy Place was 
the ark of the covenant, with its cover, the mercy-seat, the symbol of 
Jehovah's throne. 

None but the priests were allowed to go into the tabernacle. They 
entered it twice a day; in the morning to put out the lights, and in 
the evening to light them; and also on the Sabbath to place the new 
shew- . The Holy of Holies was entered by the high-priest alone, 
and by him only once a year, on the great day of atonement, Of 
course there was a necessary exception to these rules when the taber- 
nacle had to be taken down or set up. ~ 

The tabernacle was first set up by Moses on the first day of the first 
month of the second year from the Exodus, when the presence of God 
was manifested by the shekinah, which filled the tabernacle. When- 
ever the camp was at rest, the shekinah was over the tabernacle, as a 
cloud by day and a fire by night. The lifting up of the shekinah was 
the divine signal for the people to march; and when it again rested in 
any spot, there the tabernacle was set up, and the camp was formed 
around it. After the conquest of Palestine the tabernacle was set w 
in Shiloh, where it remained, with the ark of the covenant in it, ti 
the latter was carried out to battle and taken by the Philistines just 
before the death of Eli. (1 Sam. iv, 16-21.) After seven months the 
Philistines, moved by the judgments of God, restored the ark, which 
-however was not brought back to Shiloh, but to Kirjathjearim (1 Sam, 
vii. 1-2), where it remained till David brought it to the city of David 
in Jerusalem, and pitched a tent for its reception (1 Chron. xiii.—xvi.), 
Here it remained, with a short interruption during the rebellion of 
Absalom, till it was placed in the Holy of Holies of Solomon’s temple. 
(2 Chron. v.) ; 

We have no exact information respecting the history of the tabernacle 
during this period. By comparing 1 Sam. xxi., with Mark ii. 26 
we learn that it was at Nob in the time of Saul. At the beginning o 
Solomon's reign it was at Gibeon (1 Kings iii.), whence it was taken 
by Solomon, and laid up in the Temple, at the time when he removed 
the ark. (2 Chron. v.) < 

The institution of the tabernacle was in perfect accordance with the 
spirit of the Israclitish constitution. Jehovah was the king of Israel ; 
he had promised to be with them, and to go with them in their 
journeys; and the tabernacle was his abode. Here the glory which 
was the symbol of his presence was displayed, and hither the people 
came to worship him and to inquire his will, while his chosen servants 
the priests) attended constantly upon him. (Ps. Ixxxiv. 4-7.) When 

bedded firmly settled in the promised land, and a special place was 

fixed on for the display of God’s presence, the moveable tabernacle 
was superseded by the permanent temple. The New Testament 
refers to the tabernacle as typical of the blessings of the Gospel. 
(Heb. ix.) 


TABERNACLES, FEAST OF (MNDOMM 37, éoprh cunvay, ovnv- 


omnyla), was the last of the three great annual festivals of the Israelites 
which required the presence of all the people in Jerusalem (Exod, 
xxiii, 16; Levit. xxiii. 84; Numb, xxix, 12; Deut. xvi. 13). Its 
object was to commemorate the dwelling of the Jeople in tents during 
their journeys in the wilderness ; and it was also a feast of thanks- 
giving for the harvest and vintage, whence it is called “ the feast of 
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ingathering.” It was celebrated in the autumn, at the conclusion of | less complete transformation of the glands into tubercular masses, 


the vintage, and lasted eight days, namely, from the 15th to the 23rd 
of the seventh month (Tisri, which corresponds to October). The 
first and last days were holy convocations, in which no work might be 
done, and the last was the greatest day of all the feast (John vii. 27). 
In the a of many biblical antiquarians, the feast of tabernacles 
properly ted only for seven days, the eighth being peculiarly “ the 
feast of ingathering.” (Nehem. viii. 18.) 

This feast lasted longer than either of the other great feasts ; it was 
kept with greater demonstrations of joy, and more sacrifices were 
offered during its continuance. (Levit. xxix. 12-38.) 

During the feast the people dwelt in booths, which were made on 
the tops of their houses (Nehem. viii. 16). These booths were made 
of the leafy branches of certain trees, which are mentioned in Levit., 
xxiii, 40, and include the citron, the palm, the myrtle, and the willow, 
though in Nehem., viii. 15, the olive and the pine are also mentioned. 
These booths were meant to represent the tents in which the Israelites 
dwelt in the wilderness. In the sabbatical year, the law was read in 
the presence of all the people at this feast. (Deut. xxxi. 10-13; 
Nehem. viii.) 

Like many others of the institutions of the Mosaic law, the feast of 
tabernacles was neglected during the period from the settlement of 
Israel in Palestine to the Captivity. It was revived in the time of 
Ezra and Nehemiah. (Nehem. viii.) 

Plutarch (Sympos. iv. 6) gives an account of the feast of taber- 
nacles, which he supposed to be in honour of Bacchus. 

The later Jews have added other ceremonies to those which are. 
assigned to this feast in the law. 1. They carry a citron in the left 
hand, and a bundle of branches, namely, one of the palm-tree and two 
of the willow and myrtle, in the right, with which they walk in pro- 
cession round the reading-desks in the synagogues, singing Hosannahs. 
This ceremony, which is repeated seven times on the seventh day, is 
said to be in commemoration of the taking of Jericho by such a 
repeated procession round its walls. (Joshua vi.) 2. On each of the 
seven days of the feast they pour out a libation of water. They assert 
that this was done anciently before the altar at Jerusalem, with water 
brought from Siloa. 3. They assert that lights were burnt in the 
court of the women on the first evening of the feast. These lights 
were in large golden candlesticks, and their brightness was visible 
over all the city. 

TABES. This word belongs to a period in the history of medicine, 
when nosologists were less informed than they now are of the true 
nature of many diseases ; and, instead of classifying these according to 
their essential characters in reference to the single standard of healthy 
function, selected and arranged such signs and appearances only as 
were sensibly manifest to the observer, or were described by the patient. 
The nomenclature founded on this arrangement consisted in pre, 
by uninterpreted symptoms: it involved many breaches of natu 
affinity, and gave great opportunity for empirical practice. Thus a 
cough, a dropsy, a palpitation of the heart, would be spoken of as indi- 
vidual diseases ; whereas they may on the one hand be joint symptoms 
of a single malady (as imperfect valvular action of the heart); or, on 
the other hand, taken singly, each would be but a sign, common to 
many disorders, which might have no other feature of resemblance, 
and might require even opposite treatment. Such a name is “ tabes,” 
and under it are isolated certain symptoms, afforded by the nutritive 
functions in various conditions of unhealth: the acceptation of the 
word being a “cachexia {or state of chronic ill-health) attended by 
emaciation;” in which sense it is synonymous with the words 
“ atrophy ” and ‘ marasmus.” 

TABES MESENTERICA. This name is applied to a particular 
slowly-disorganising affection of the mesenteric glands, and expresses 
the marked emaciation which attends the disease. It is through the 
mesenteric glands that the nutritive products of digestion are trans- 
mitted in their course to the great current of the circulation; and any 
disorder which destroys or obstructs these organs must, in proportion 
to its intensity, affect their function, and derange the process by which 
healthy materials of renovation should constantly be commingled with 
the blood. Hence in part arises the loss of flesh in this form of tabes ; 
but the direct hindrance of nutrition which the disease involves is not 
the sole, though an important cause of the symptom ; for the general 
ill-health, of which tabes mesenterica is but a part, and other co-existing 
complaints, usually co-operate in producing it. 

The disease is one among many manifestations of scrofula; and is 
essentially the same to the glands of the mesentery as those obstinate 
glandular enlargements of the neck, with which the eye is more 
familiar, are to their region of the body. From difference of position 
and of relations it includes other symptoms and graver consequences 
than theirs; but it originates in the same constitutional tendencies, 
and follows the same general progress. It belongs, like other forms 
of scrofula, to early life; the ordinary period of its invasion being 
from the second to the twelfth year. In the Hépital des Enfans, 
of Paris, children are received from a year after birth till the com- 
pletion of sixteen years of age; and M. Guersent, the physician of 
this institution, states that the disease exists among those admitted in 
the proportion of 7 or 8 to 100; and that it is more frequent among 
female children than among males. 

The morbid appearances on dissection of fatal cases are, a more or 


with various consequent or coincident diseases of the adjoining organs. 
The glands appear at the commencement of the complaint to be the 
seat of a feeble inflammatory action, under which they merely swell 
and become preternaturally reddened with blood; but this stage of 
simple congestion soon induces a further change, in which the charac- 
teristic product of scrofulous inflammations becomes deposited in the 
tissue of the gland. The dull white granular tubercles, by which the 
infiltration commences, are gradually multiplied in number or increased 
in volume; and, in like proportion, the glandular substance itself is 
absorbed to make room for the encroaching disease, till at length a 
rounded tubercular mass results, varying for each tumour from the 
size of a marble to that of an egg. In astill more advanced condition __ 
of the disease suppuration frequently occurs in these tumours, and 
they are then seen to contain the cheese-like matter of softened — 
tubercle mixed with pus. The abscess so formed excites irritation in 
its neighbourhood ; the folds of peritoneum covering it become glued 
together, and its p occasionally extends to discharging itself — 
into the nearest intestine, or through the external integument of the — 
abdomen, A certain amount of inflammation of the peritoneum, with — 
adhesions and effusion of serum (ascites), attends these latter 7, 
and some inflammation and ulceration of the mucous membrane of the — 
intestines are likewise frequently found. ‘ s 
For a particular account of its causes the reader may refer to those 
of Scroruta. Original weakness of constitution, shown in 
susceptibility to the impressions of disease, in slowness andi ciency 
of reactive and reparative power, is the groundwork of these, and con- 
stitutes the main peculiarity of the so-called scrofulous diathesis, But 
this weakness may, where inborn, be aggravated, or, where naturally 
absent, be artificially produced by a variety of depressing causes ; 
insufficient or unhealthy food, by neglect of cleanliness and e& 
and clothing, by residence or constant occupation in ill-ventilated 
buildings, by exposure to cold and damp: all of them influences’ 
which the young of the poor in crowded towns are exposed, and with 
which too frequently an inherited predisposition powerfully co-operates. — 
Derangement of the bowels must be considered the most freugent 
special cause of this particular form of scrofula; the irritations, inflam- 
mations, and ulcerations of their mucous surface (of which such full 
evidence is given in the state of the tongue and excretions, and in the 
tympanitic abdomen) excite corresponding conditions in the absorbent 
glands connected with them (precisely as a lesion of the hand irritates __ 
the glands of. the axilla), and the inflammation so beginning takes a — 
course determined by the peculiar constitution of its subject, — aes 
As regards symptoms, it may be observed that in its earliest stages” 
the disease has no signs by which it may be certainly distinguished; 
that it is not till the glands are so enlarged as to become sensible ex- — 
ternally that their affection can be positively declared. ; 
symptoms are those of the intestinal disorder or irritation, which is 
acting as a cause of the disease: capricious appetite, i and 
unhealthy stools, flatulence or occasional vomiting, loaded 
foul breath, harsh skin, sallow complexion, and loss of flesh, with an 
accelerated pulse, may have existed for some time, before enlargement — 
of the abdomen attracts notice. It will then usually be found that — 
steady pressure on this part causes uneasiness or pain. As the growth 
of the glanular tumours continues, the signs of intestinal disease — 
become more marked; diarrhoea with mucous stools, increased — 
emaciation, frequent pulse, and evening accession of fever, marking this — 
stage, in which the tumid abdomen contrasts remarkably with the 
wasted limbs and shrunken wan face of the patient. Finally, hectic 
fever with exhaustive diarrhoea, or acute abdominal inflammation, or 
the progress of the constitutional disease in other organs, or absolu 
starvation (atrophia), terminates life. i ; 
The treatment of tabes mesenterica must be in accordance with the 
general rules for management of scrofula, and consists in that modified 
tonic system, to which the name of “‘alterative "is given. [Scro b 
TABLATURE, in Music, is the old mode of notation for instruments" 
of the lute kind. For this purpose six parallel lines were used, each — 
representing a string, on which were placed letters referring to the 
frets on the neck of the instrument. The time, or duration, of the 
notes was marked by characters over the letters, answering to the 
minim, crotchet, &c., and often, as by Mace, in his ‘ Musick’s Monu- — 
ment,’ by the notes themselves. There were different s of 
Tablature; but the subject is not now worth the trouble which a— 
knowledge of it would demand. . 
TABLE.* By a table is meant a quantity of information arranged 
under heads in such manner that by looking under one head the — 
general disposition of the whole points out where to look for the 
matters of information connected with that head: the object being an 
immediate power of reference to any one fact or result without th 
necessity of looking at others, In any astronomical table, the matter 
which we enter the table to look for other matter is called the argument ; 
that which is found by means of the argument has no distinct name; 
we might call it the tabular result. It would be useful to generalise — 
these terms. Thus in a table of contents, the number of the page or 


* Throughout this article all works which we describe from actual inspe 
have the dates uninclosed; all works which we take from ethers have 
dates ( ) in parentheses, : 
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useless to say much on any tables except mathematical 
containing collections of facts, in which the tabular 
ought to be frequently used, are in most instances altogether free 
them: and as to indexes, the art of making them seems to be 
those on law, have anything deserving 
is obvious enough : where proper information 

table shows the spot where it ought to be, vacant ; 
ints out not only what is in the work, but also 

. For instance, to take a table which we should only 
ve inserted in this article in mere illustration, the ‘ Numerorum 
; eter Bungus (2nd ed. Bergomi, 1591) is a table of 
numbers. The argument is the number sought, the tabular result is a 
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list of the hyper-arithmetical properties of the number. Thus, turning | had 
to 


666, we find all the modes of interpretation which a zealous 
adherent of Rome could give, including Martin Luther, who satisfies 
the equation, both in Latin and Hebrew, as perfectly as the average 
ieitcl eslations. But 667 is not in the table; so that we see it has 
no about it. : 

matter sought for is found by one argument only, the 

table is said to be of single entry; when by two, of double ae 
Thus the common multiplication table is one of double entry ; and 
any chronological table which consists of more than one column. 
A table is, of course, used after the manner of a dictionary ; and the 
chief plague attending the use is the constant turning of the leaves, 
The trouble which this gives may be lessened by cutting off successive 
lengths on the right-hand margins, as is done in the indexes to ledgers, 
in other 7 mame We have tried this on a table of 
logarithms (of seful Knowledge Society, 1839) taking the common 
logarithms, and making the cuttings so as to show a little bit of every 


alternate leaf. of the leaf is shown to enter four figures of 
the primitive with w it begins in black ink, and four figures of the 
logarithm in red ink. The saving of trouble is so decided that no 
person who has experienced it will ever again allow a table which he 


Frequently . So soon as the 
advantage is understood, tables will have the proper references printed 
the margin, the binder being left to cut away 


book were made to extend beyond the margin sufficiently to protect 
the slips ; this also we have tried with good effect. We can assure 
those who are constantly in the habit of using logarithms that they may 
make this hint give a greater facilitation than has ever been pro 
since the time when Briggs brought forward his modification of Napier’s 
system. 


Mathematical tables may be divided into conclusive and subsidiary ; 
conclusive, such as the table of squares, in which the tabular result is 
the object of the reference ; subsidiary, such as the table of logarithms, 
in the tabular result only facilitates the object. Conclusive 
tables can be easily used by those who want them but seldom: sub- 
sidiary tables are not much used, except by those who want them more 
frequently. The is that a subsidiary table which is not often 
wanted has its modus operandi forgotten between uses; or at least the 

a want i 


feels of practice, and a necessity for referring to the 
to be sure of his result. The best thing to be done, when 
& person first takes to a new subsidiary table, is for himself to write 


of the method of using it, so soon as he 
it, with some examples, This reference he will find, on 
occasions, to be more suggestive to his memory than anything 
of the book has said or could have said. 
method of printing mathematical tables is usually defined so 
the nature of the subject, that no remark is necessary except 
numeral characters, up to about the year 1785, used 
in the body than those now constructed, with distinguish- 
ing heads and tails. Dr. Hutton, we believe, first employed the 
character in which all the numerals are of the same depth, the heads or 
tails compressed into the body. This very disadvantageous 
change was adopted by the type-founders, but for a long time only in 
: the consequence was that the superior legibility of the ancient 
of the modern continental tables was matter of common remark 
among those who had to use them. Another circumstance which con- 
tributed to this result was the introduction of numerals with thick and 
thin , the superior elegance of which was supposed to be a recom- 
ad aan The consequence was, that in many English tables it was 
difficult to distinguish 3 from 8, and 9 or 6 from 0, Of late years 
however, many works have been published which have used the old 
type, both as to heads and tails and uniform thickness;* and their 
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* series of the ‘ Nautical Almanac,’ the heads and tails first 
Sallie, bos ths swelling of the type was not rejected. The works in which 
the old legibility was first completely restored were, so far as we know, the 
tables of logarithms (four and five figures), and the reprint of Barlow's Tables 
(Taylor and Walton), the six-figure logarithms (Longman), and Lieut. Raper’s 
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tape Superiority. over tables of the Huttonian character, even of 
int .arger type, is pretty generally admitted. This is a point of 
. : no 2 for any circumstance which produces a wrong result 
pon the computer's paper is equally to be deprecated, whether it be 
an error in the formula used by the author of the tables, or an incor- 


of tendency to error is of the same bad cons i 
— equence, whether it be 
due to the mathematician or the type-founder. This is not true of 


use, which dazzles the eyetoomuch. Tables should not be hot-pressed, 
and not even pressed at all. The mischiefs of pressure are two-fold; 
first, the smooth surface thereby created makes the page a kind of 
mirror, which has a bright image in one place, whereas rough paper 
dissipates the light equally in all directions ; secondly, the other side 
of the leaf shows through much more after pressure than before. It 


is also a mistake to Suppose that great blackness in the ink, combined _ 


with great whiteness in the paper, is favourable to the reader, Every 
Increase of the contrast, over and above what is necessary to perfect 


brown character, too thick to be seen through, and an ink which is 
of a dull-brown black, as it were the very deepest shade of the colour 
of the paper itself, are the things which are permanently agreeable to 
most eyes. Those who try it should remember. that the first page 
read is not so good a test as the hundredth. 

One of the most legible books we know of is the trade edition of 
Gibbon’s ‘ Decline and Fall,’ &c., in twelve volumes octavo, London, 
1820, It is considered by the booksellers themselves to be very 
badly executed. But printers and publishers are too much-in the 
habit of forgetting that a book is a book and nota line engraving. 
They look at the page as a whole, and if the individual lines stand out 
and make their separate existences too perceptible, they pronounce it 
ugly. Accordingly, the uglier they hold it to be, the more legible the 
reader will pronounce it. We have seen more than one printer and 
publishér hold a page at such a distance from his eye as made it impos- 
sible for him to read it, as a means of judging of the general effect. 
Surely a printed page is meant to ‘be a congeries of particular effects, 
each as distinet from the other as possible. 

We regret to see that, just as we have nearly abandoned the use of 
the thick even-sized figures, the Germans are taking strongly to them. 
Most of the modern German tables have these illegible characteristics. 

Since the invention of logarithms, the appetite for tables has not 
grown with the progress of mathematics. Calculation by logarithms 
is 80 convenient for ordinary purposes, that many persons who are 
even well versed in mathematics are not aware how much assistance 
they might derive in particular cases from the various tables which 
have been published. ‘The list which we mean to give does not profess 
to be a bibliography of tables, but will nevertheless give information 
on the subject to all who are not particularly given to mathematical 
bibliography. 

We may divide mathematical tables into general and special ; the 
first consisting of purely arithmetical and trigonometrical tables, and 
also tables of logarithms. The special tables are those which are used 
in the higher parts of mathematics, in commerce, navigation, astro- 
nomy, meteorology, &. We may further divide tables into tables of 
facts and tables of mathematical results. All sciences have their 
tables of facts; thus the raw observations of astronomy, magnetism, 


rejected in the ‘ Nautical Almanac,’ which is now as legible a tabular work ‘as 
exists, as to both print and paper. 

* So we said in the ‘ Penny Cyclopedia’; we now incline to think that the 
printer is the most important of all. One of his errors may be equal to many of 
the author's. For instance, in Chernac’s table a line fell out, probably just 
before press: it was put in again at the top of its compartment instead of at 
the bottom. The consequences were 26 gross errors, of a far worse kind than 
the author could have made, unless he had tried. Burkhardt found but 10, 


‘Elements of Navigation.’ Thus it stood when the ‘Penny Cyclopedia’ was 


published. The legible figures are now ugh in England: but 
Germany is infested with the illegible ones. The swelling type has been 
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besides this set, in the whole book ; and of these one was only 23 x19 instead 

of 19x 28, and two others were clearly due to the printer at press. Chernac’s 

work has 1020 large quarto pages full of figures, or lines of equal importance, 
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and physics in gerithil are frequently tibulated ; with these we have 
Comparatively little to do; since they are rather the materials for 
the formation or verification of other tables; than of primary use as 
tables. 

Of simple arithmetical tables we itiay notices the following :-— 

§ 1. Tubles of multiplication.—The oldest wé know of is as follows :— 
Tabul Arithmetic: MPOSOAGAIPESENS * Universiles .... E Museo 
Johdnnis Georgii Herwart ab Hohehbétg V. I. Doctoris. Munich, 
1610, folio. is table up to 1000 x 1000; cook eee ing one 
inultiplier éomplete. ere aré then a thousand odd pages ; and as 
the papier is thick, the folio i8 almost titiiqué in thickness. There is 
a short preface of seven , containing examples of application to 
spherical triangles. It is truly remarkable that whilé the difficulties 
of trigonometrical calculation were stimulating the invention of 
logarithitis, théy were also giving rise to this, the barliest work of 
extensively tabulated multiplication. Herwart for the author, 
but nothing indicates miore than that thé majitisctipt was found in his 
collection, The Look is excessively raré ; a@ copy sold by auction & few 
years ago was the only one we ever saw, 

There havé been several others of great extent, but they are scarce. 
Hutton’s ‘ Tables of Products, pritited by the Board of Longitude, 
1781, Zo tp to 100 times 1000, but have not tlie reputition of correct- 
hess, An anonyiious table, London, 1775, whith gdés up to 10,000 
% 10, is ‘ Tables of Products ... London, printed for J, Plummer.’ 
But Riley’s table, published in the sate yeat; under exactly the samme 
form, is ‘Riley’s Arithmetiéal Tables... . London, printed for G. 
Riley.’ It is iniperfect in all the copies we have seén, enditig abruptly 
at the multiplicand 5280. The numérals are of the same forti and 
sizé 48 in Plummer, but the headings and lities are different. We 
Suspect that somie writer of mote than usual researcli Oi the quarrels 
of authors, of sotne huriter of old iijunction + cases, might find some- 
thing about the history of thesé two books. Tlé type is clear, and tlie 
tables are very useful. 

Dodson’s ‘ Calculator, London, 1747; has thé same as tlie last up to 
1000 % 10, not so cofiveniéntly arranged. But by far the most power- 
ful table of this kind is Crélle’s ‘ Recliéntafeln,’ Berlin, 1820, in two 
thick 8vo voluiies. This contains every product up to 1000 titties 
1000, so arranged that all the pope of one iiumber are seen at 
the same opening of thé book. All who have used this tablé ktiow how 
te dispense with logarithtis in niany cases with great advantage. 
There is no table which we so tiuch desire to see reprinted in ti 
edutitry, with a few alterations, whith would render it more com- 
imodious. Another edition was published by Dr. C. Breiniker, Berlin, 
1857, fulio; but we ate told that other copiés bear the date (1859), 
and, we believe, no editor's tiamie. Each page here contains the 999 
multiples of two nunibers ; giving 450 pages of tables. This édition 
is very convenient, and of very comfortablé type and paper. An 
anonymous Table, Paris (1794), goes up to 1000 x 103; and another, 
Paris (An VIL); the saiie; a third, Versailles (1825), the sattie, with 
tatiy meteorological tables added. Schubler’s ‘ Rechnung’s Lexicon,’ 
Nuremberg (1739), goes to 2400100. Oyon’s Table, Paris (1824), 
foes to 509x500; that of Cadet, Paria, 1801 or 1802, An X, to 
10,000 x 100, This work of Cadet was intended for a ready reckoner 
and percentage table. Bath number from 1 to 10,000 has-its first 
hutidred multiples in one folio column. Citizeh Cadet was a tax- 
watherer, and sdw that, in a decitnal system, a raw table of tiultipli- 
cation isa Baréme, or ready-teckoner, quite coriplete. Aveorditigzly, 
the title of his book is ‘ Tarifs des Centimeés au frac, du Tables de 
multiplications et eomptes-faits pour la répartition des contributions, 
et pouvant remplacer, dans le systéme décimal, les anciens comptes- 
faits de Baréme.’ 

Bretschneider, ‘ Producten-Tafel,’ Haniburg atid Gotha; 1841; goes 
up to 100,000 x 10. There is 4 compression of this kind: im finding, 
for example, the multiples of 62873, the reader must look ifité the page 
headed 2800, and there, in one part of the page; opposite to (6) 28, he 
finds the first three figures, and in ariother part, opposité to 73, the last 
three figures. The first part, belonging to 628, is repeated twice, once 
for the cases in which the following numbers are less than 50, and once 
for those in which they are above it ; and an asterisk in the last part 
of the table occurs when it is necessary to add a unit to the p ing 


* Prosthapheresis is a word compounded of prosthesis and apheresis, and 
tmeans addition or subtraction, Ast ical corrections, i additive 
and sometimes subtractive, were called prosthapb .» The ity 
for multiplication, in forming proportional parts for the corrections, gave rise 
to this table, which therefore had the name of its application in the title-page. 

+ The following gives a strong suspicibn. In otir topy there is a preface of 
fourteen pages, signed “ ‘The Editor.” The late Mr. Woolgar, who made tables 
a special study of great depth, had a copy in which a preface of fourteen pages 
was signed * William Webb,” whose name was also in the title. Oth-preface 
has only—* Our tables .... are carried to nearly twice the extent of any tibles 
of the kind hitherto published :” Mr. Woolgar’s preface has—‘' There have like- 
wise been published this year by Mr. Riley, Arithmetical Tables, containing the 
products of all numbers from 1 to 5280, and are a set of very useful and correct 
tables; the errors of the press are very few, the form of them we have also 
thought convenient, and it is that which we have adopted.” We surmise that 
W. Webb played Viaeq to Riley's Briggs as soon a8 Riley’s tables were published, 
and that legal p dings were promised by an ar ent of which it 
waa a portion that hand jon should be made of Riley’s tables in a new 
preface, with the editor’s name, 


figures. This ar ent brings the table into ninety-nine ] 
octavo, and is iy fame ;, but there is more risk af aoe int 


it than we like. Again multiplying five figures 
cult an operation that it n avoided by 


multiples of sin « for every degree, to six res; and multiples of 

Roig afin se of 313, Pohiman's Table, ies (2nd ed.), contains the 

rst_nine saps got of all numbers up to 1000. We have heard of 
or! 


another w ng folio, g 

all numbers under 10,000,000, with their nine ae but an 

arrangement, not easily nor safely used. There is a uble process, as 

in Bretschneider, aie 
In the Royal Society's Library is a table by J. J. Centnerschwer, 

‘ Neu-erfundene Multiplikations-urd - quadrat-Tafeln,’ Berlin, 18 

$e earliest table we have seen mentioned (by Lipenius) is— . 
inck, ‘Tabula Multiplicationis ac Divisionis,’ opganazen 1604), 

oblong form. There is also, i fees same author, ‘ Tabule qu 

humerandi usui accommodate,’ Cope heey | 16mo. , 


nhagen . 
As Finck is an author of some interest in the history of tabl as 
will presently appear), we have made some inquiry about these work 

and we find that they are not in the lib at Copenhagen; but that 
Mollerus (' Cimbria Litterata, vol, iii, p. 254), gives them as follows. 


It seems they were not intended ‘b scientific purposes as anil 
til daglig fornéden Regning 


‘Tabule Multiplicationis et Divisionis, seorsim etiam 
ary daily accounts), C: bait (Oe ie 
ecessary . Cope’ 6mo, 
y cl 1 AY e 


Pepe OneSy "gin ble ae be B00b: ds bs | Panobogt OF a 

Jie Fepriited ‘this table up art Pata ot Aba 
ietic "(2nd ed.), 1820, a8 (according to Mx. Launidy) did’ Gal te as 
far as 3149, in thé second edition (1836) of his ‘ Mathematical 3 


J. M. Merpaut, ‘ Tables Arithmonomiques,’ Vannes, 1832, gave quarter- 
Squares up to that of 40,000. But the largest G3 most valuable set of 
these tablés yet published’is that of Mr. 8. Mey a a 
actuary, ‘ Table of Quarter-Squares,’ 1856, 8vo, which goes to 100,00 
and if beautifully piititad, Colonel Shoftteds, dhe of the most eneke | 
getic of tabulators, has computed this table to 200,000, but lias not 
published it, though we iinderstand he intends to do so. We sty 
him to publish the sécond half first. 

§ 2. Tables of 


a e3 } 
divisors oR to 10,500, Lidonne, ‘Tables dé tous le Diviseurs, 
is 2,000." 


original edition of Barlow's Tables gives the factors of all nuihbers 
to 10,000 and a register of prime numbers u : ’ 
‘Cribrum Arithmeticum, &c., Daventrive, 1811, gives the prinie nim. ' 
rs not divisi & 
MCT A 

of 


ches Sot bs “Busgeharst, “Toole, Gas Ditceras ke, e 
either 2, 8, or 5. Burckhardt, ‘Table des Diviseurs,’ &¢., Pari 
gives the prime humbers up to 3,(136,000, with the lowest dlividor : 
each ntimber when not either 2, 3, ot 5. These useful works are now 
rare. Anjema’s ‘ Tabula Divisorum,’ Leyden, 1767, goes up to 10,000, — 
and Pigri’s Table, Pisa (1758), which Chernac had never heard of, the 
samé. Anjema enters every divisor : thtis, 2 is entered as having two 
divisors, 1,2. He also Separates those leas than the square — from 
the others by 4 hyphen; and where the number is a square, the roo: 
has a hyphen on both sides, Krause, Jena and Leipsic (1804), 

rites bes ctors up to 100,000. J, Neumann, ‘Tabellen, &., 
essau (1785), has factors and primes up to 100,100. om 

Guldinus is said to have given tables of prime numbers, but we have 

neither found them nor a description of them, Thomas Branker — 
appended to his translation of Rhonius’s Algebra a table of primes and _ 
divisors for all numbers under 100,000. is was reprinted by Baron — 
Maseres, and was appended to his tract ‘On the Doctrine of Permu- 
atone Pg Combinations, London, 1796, a book very easy to be 
obtain: 


This translation of Rhonius is of London, 1668, “ much altered and 
* From Proféssor Werlauif, Royal librarian at Copenhagen, through the — 


kindness of the late Professor Schumacher, the ufiiversal referee of who 
wanted information on any point connected with astronomy, however remotely. 


up ™ 


—— 
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augmented by D, P.:” this D. P. is Dr. Pell. The table of primes, 
&c., to 100,000 is computed under Pell’s advice and direction ; and a 
great part, it is believed, by himself. But there is preserved in several 
places the title of a work of Pell which we have never seen, and which 
we take from Lipenius : ‘ Tabula decem millium difficilium Numerorum, 
eorum nempe omnium qui ab 0 ad centum Milliones [mille ?] habent 
difficultates,’ English, London, folio, (1666). This looks like a table of 
ime numbers, and the number of primes under 100,000 is about 
0,000, But we must leave it to those who can see the work, if it still 
exist. Branker’s table was reprinted in the second volume of Harris's 
* Lexicon Technicum, London, 1710. 

Vega (Octavo Logarithms, vol. ii.), 1797, gave primes and divisors 
up to 102,000, and further primes up to 400,000, in which Chernac 
found but 39 errors. 

Chernac mentions Riana and divisors to 10,000, in the Arithmetic 
of T. M. Poelius, Leipsic (1728), 8vo, reprinted in Richter’s ‘ Lexicon 
Mathematicum ;’ primes to 101,000 in Kruger’s Algebra (1746); 

I to 100,000 from Kruger, in a separate work of Lambert, not the 
rithmic and other tables of 1770}; primes to 400,000, by A. F. 
s, Amsterdam (1772), 8vo. ; 
Murhard mentions the first part of a table (by A. Felkel) of the 
factors of all numbers not divisible by 2, 3, or 5, irom 1 to a hundred 
allions, Vienna (1776). Chernac alludes to this table as mentioned by 
h but had never seen it. ‘ 
$3. Tables of Squares, Cubes, Square Roots, Cube Roots, and Powers 
in general.—Perhaps the oldest printed table of squares is that in p. 30 
of Pacioli’s ‘Summa,’ &c. [Vieta, in Bros. Pv.) painted in T494, and 
again in 1523, which, however, goes only to 100%, Cosmo Bartoli, 
Modo di misurare le Distantie,’ &c., Venice, 1564, has squares up 
to 661°. “Maginus’s ‘Tabula T mica,” Venice, 1592, is not a sepa- 
rate work, but a chapter in his work on triangles, presently mentioned : 
it gives squares up to 10,100", but not cubes. It was, however, pub- 
lished separately, at the same time with the work on triangles, as well 
as in it; gs f difference being that the separate publication has its 
ad and explanations Italian instead of Latin. The number of 
» d books, which are only chapters of other books, is large enough 
to make a big catalogue. . : , 

Guldinus, ‘De Centro Gravitatis,’ Vienna, 1635, gives the squares 
and cubes up to those of 10,000. The founder of the modern Ency- 
clopadia, 1649, gives squares and cubes up to 1000. Pell, 
London (1666), (M , Squares to that of 10,000. William Hunt, 
. ers } e,' London, 1687, gives a table of squares up to that 
of 10,000. <A few of this work are Newton’s. Ludolf, ‘Tetra- 

Tabularia’ | Frankfort and ipale, 1690, 4to, gives the 
squares up to that of a hundred thousand ; largest table of squares 
in existence, and little known. J. P. Buchner, ‘Tabula Radicum,’ 
&c., Nuremberg, 1701, gives squares and cubes up to those of 12,000. 
Hutton (table a} 1) gives squares up to that of 25,400, and cubes up 
to that of 10,000. Lipenius mentions ‘Tabule numerorum qnadra- 
torum decies millium,’ Londini (1672), which is Pell’s table, though it 
has not his name. It has also an English title, contains the first ten 
thousand squares, and also the number of pairs, triads, and quaternions 
(1044 in number) of figures with which a square can end. Henischius, 
* Arithmetica perfecta, Augsburg, 1609, begins with squares and cubes 
of all numbers up to 360. Heilbronner (p. 627) mentions a tabula 
Calviana which gives squares up to 1000+. ed tables of powers 
are given in various works. John Hill’s Arithmetic, of which the 
seventh edition bears London, 1745, has all the powers of 2, up to the 


144th, for the of sol uestions about chessboards and 
horseshoe mh We have also e title G. C. Sartorius, ‘ Cubische 
Tabellen; Eisenach (1827). 

‘Dodson’s ‘ Calculator’ ($1) gave square and cube roots up to those 


of 180: Hutton afterwards gave the same up to those of 1000. 
Barlow, ‘ Tables,’ London, 1814, gave squares, cubes, square roots, 
cube roots, and reciprocals, up to of 10,000; the roots to seven 
decimal places; the reciprocals to seven significants. These were 
ochited ( , Taylor and Walton, 1840), from the original, after 
re-examination by Mr. Farley. Tables of squares and cubes, up to 
those of 10,000, were reprinted from Sighins *Manuel d’Architec- 
ture,’ with a descriptive preface, at Paris, about the beginning’ of the 
century. This table has beautifully clear figures, of 24 to the inch, 
of thin and even , with heads and tails.” It was this table which 
first ed to author of this article the superiority of the 
nerals with heads and bt ey gave ey snaperrion to ie 
Useful Knowledge Society, 1839, to reprint Lalande’s in such a 
ire. “The jag is now extensi ely cay 3 eee ‘Toga. 
i Halle (1790) contain squares and cubes up to those of 1000. 
c weratata? en, Leipafé (1519); s to the square of ano, 
‘ciibe of 1200, and the ‘Square ‘aad ctibe root of 1000; Beyens, 
Ghent (1827), to the square of 10,000, and the cube of 1000. 
Schietk, ‘ Tafeln,"&c., Rohn om Rheim (1827), has squares up to that 
of 10,000. Merpaut, in the work above mentioned, gaye reciprocals up 
to 10,000, to nine significants. F 
Joncourt, ‘De la Nature....de Nombres Trigonaux,’ Hague, 1762, 
gave triangular numbers up to that of 20,000, cubes up to that of 600, 
and showed how to use the former in the construction of squares 
and square roots. As to er powers than the third, Hutton and 
Barlow, in works above cited, give every power of every number up 


to the tenth power of 100. Barlow gives also the fourth and fifth 
powers of numbers from those of 100 to those of 1000. Bowditch 
(work of 1834, cited under ‘ Logarithms,’ 1757) gives square roots 


to pye decimals *000 (-001)4-200 (-01)10°19 with tables of proportional 


Maseres, at the end of the tracts on Combinations, London, 1795, 
has reprinted Hutton’s square roots 0(1)1000 to ten decimals, and 
reciprocals to seven. We believe that Hutton first gave them in his 
‘ Miscellanea Mathematica,’ 4 vols, 12mo, 1775. In Jonas Moore's 
Arithmetic, 1650, there are the squares and cubes of all numbers up 
to 1000, the fourth powers up to 300, and the fifth and sixth up to 
200. These were reprinted in the edition of 1560. 

Rogg mentions ‘Art gantz neu-entdeckte,’ &., Dessau (1755), 8vo, 
containing the cubes of all numbers up to 100,000, or at least pro- 
fessing in the title-page to give the cube root of every number under 
a thousand millions of millions: perhaps the cubes went to that of 
10,000, with a rule for the fifth figure. And here we may mention 
that we haye been seyeral times deceived by a title-page stating, not 
the extent of the table, as it ought to do, but the extent to which 
operations of interpolation or accession will be effective. . 

§ 4. Pure Decimal Operations.—Besides Barlow's reciprocals (§ 3), 
the only remarkable tables of which we know under this head are 
Goodwyn, ‘ Table of the Circles arising from the Diyision of a Unit,’ 
London, 1823, and ‘Tabular Series of Decimal Quotients,’ London, 
1823 (both anonymous). The first gives all the circulating decimals 
which can arise from any fraction whose denominator is under 1024; 
the second arranges all fractions which in their lowest terms haye a 
numerator not exceeding 99, and a denominator not exceeding 1000, 
in order of itnde, and gives their equivalent decimals to eight 
places. Mr. Woolgar is our authority for saying that there was a 
previous work by Goodwyn, ‘ First Centenary of concise and useful 
Tables of Decimal Quotients’ (1818), 4to. Mr. Goodwyn (of Black- 
heath) was an indefatigable calculator, and the preceding tables are 
the only ones of the kind which are published. His manuscripts, an 
enormous mass of similar calculations, came into the ession of Dr. 
Olinthus Gregory, and were purchased by the Royal Society at the 
sale of his books in 1842. 

R. Picarte, ‘ La Division réduite 4 une Addition,’ Paris, 1861, 4to, 
gives, for all numbers up to 10,00, ten significant figures of recipro- 
eal, with the nine multiples of each. 7 

An anonymous work, ‘Tafeln zur Verwandlung aller Briiche, &c., 
Oldenburg, 1842, gives every fraction less than unity whose denomi- 
nator does not exceed three figures, nor its numerator two, to seven 
places of decimals. It is arranged by numerators ; that is, all fractions 
of one numerator are in one double page. This is a useful table. We 
may also mention (but not as having seen it) W. F. Wucherer, 
‘ Beytriige zum allgemeinen Gebrauch der Decimalbriiche,’ &c., Karls- 
rithe (1795), 8vo, 

The oldest table we have found printed in English is in ‘ This boke 
showeth the maner of measurynge of all maner of lande, as well of 
woodlande, as of lande in the felde, and comptynge the true nombre of 
acres of the same, Newlye invented and compyled by Syr Rycharde 
Benese Chanon of Marton Abbay besyde London. Printed in South- 
warke in Saynt Thomas his hospitall by me James Nicolson.’ There 
is no date, but Nicolson’s dated works run from 1536 to 1538. There 
is another edition (which omits the tables), printed by Thomas Colwell, 
who printed from 1558 to 1575, They are double-entry tables of the 
rudest character, for finding the number of acres in a given length and 
breadth, and for casting up payment at per perch, per acre, &c. 

§ 5. Pure Trigonomelrical Tables.—This section and the next form 
almost the whole of the article; and for a sufficient reason. The 
history of the trigonometrical canon, and of the logarithmic table, are 
constituent parts of the history of the progress of mathematics : the 
history of other tables has nothing to do with that progress, except 
only in the case of Stevinus’s tables of compound interest, which, as 
will appear, suggested decimal fractions to their author. The biblio- 
graphical history of the early part of the trigonometrical canon is 80 
incorrectly given, as well as ambiguously, even by the best authorities, 
that it wi 1 be worth while to collect the several heads, distinguishing 
between what we know from the books pr irre and Bi bs are 
obliged to take from other sources, by putting the name of an authority 
(of ee we have usually two or three) to the latter. Much confusion 
has arisen from the double meaning of the word publication in regard 
to works of the century following the invention of Pei when it 
was applied equally to the issue of a printed book and of a manuscript. 
We are here only concerned with the former ; and it is sometimes difli- 
cult to distinguish between the two. . 

‘fhe earliest trigonometrical table existing is the table of chords in 
the first book of Ptolemy’s puget e Alp st. It is by ee te 
up to 90°, and thence by degrees. e chords are given sexagesimally, 
to a radivs of 60°: thus, the chord of 90° is 84° 5110". ‘The thirtieth 
parts of the differences are annexed : thus, the earliest table has its 
differences, and ditferences given by the convenient sub-multiple which 
would probably be thought very modern. ; ’ 

That Albategnius [ALBaTEGNrIvS, in Broa. Drv.] had substituted sines 
for Ptolemy’s chords,— that he had also used versed sines and tangents, 
—that Purbach and Regiomontanus had constructed and issued (in 
manuscript at least) tables of sines to two separate radii, 6,000,000. 


TABLE. 
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and 10,000,000—are historical facts of notoriety. Our question is, 
what tables were first printed? On the books which jomontanus 
actually printed, out of the long lists of those which he published and 
intended to publish (as set forth in his own ‘Index Operum,’ &c., 
printed at Niirnberg by himself), his historians, Doppelmayer, De Murr, 
Weidler, &c., are either not very clear, or somewhat at variance, In 
the vague manner in which books and their contents are frequently 
described by professedly mathematical writers, a good resource* is 
often found in the catalogues of general bibliographers. 

The ‘ Tabulw Directionem Profectionumque’ of Regiomontanus were 
published by himself at Niirnberg, without date, probably about (1475), 
and were reprinted at Venice in (1485). We cannot ascertain that 
either of these contained tables of sines. But Hain (‘ Repert. Bibliogr.’), 
who gives their titles, gives that of the next edition, Augsburg, 
Ratdolt (1490), 4to, in a fuller manner: from which it appears that 
there is appended to it a table of sines to minutes, in words which 
would imply that Regiomontanus had not given such a table in the 
former edition ; they are, ‘ Tabella Sinus recti: per gradus et singula 
minuta divisa. Ad Tabulas Directionum Mag. Joh. de Regiomonte 
necessarias. But from the description it is clear that this table does 
not belong to the work, since it follows even the printer's insignia. 
And Hain also met with it as a separate work ; being, as appears from 
his description of the lineation, pages, &c., absolutely the same as that 
which was appended to the Tabule Profectionum. Accordingly, 
until something earlier or more definite is produced, we must say that 
the first known printed table of sines is an anonymous table, to 
minutes, in quarto, without date, but before 1500, stated (with neces 
sarias when it ought to be necessaria) to be necessary to the tables of 
Regiomontanus, and implying that sines had not then been printed 
with those tables. From the next-mentioned edition of the Tabule 
Directionum (this we have seen) we should suppose that these tables 
were to a radius of 600,000, as in that edition, which is of Venice, 
1504, 4to. Init we find a minute-table of sines, headed ‘ Incipit‘tabella 
sinus recti,’ and with a column containing differences for ten seconds. 
Delambre and others mention Regiomontanus as having given the first 
table of tangents in this work under the name of tabula facunda. It 
is in the edition of 1504, and was reprinted by Gemma Frisius in his 
book ‘De Radio Astronomico,’ Antwerp, 1545. It is to degrees only, 
and to a radius 100,000; and is a table of cotangents, not of tangents. 
The Tiibingen edition, 1550, also distinguishes the table of sines as 
an addition, in the title-page. The radius is now 60,000; but, by an 
oversight, the differences to ten seconds are entered from some table 
with a radius of 6,000,000, from which the table of 1550 was probably 
cut down. There is no tabula fecunda. Delambre mentions an edition 
of the work, edited by Gauricus, in (1524), as containing a table of 
sines to every ten minutes: of this we can find nothing. 

As yet we have no sines calculated to the now ordinary radius of 
10,000 &c. Of these, the earliest we have seen (and we tind no earlier 
ones mentioned), are those of Peter Apian in the ‘ Introductio Geo- 
graphica, &c., Ingoldstadt, 1533, folio. They are minute-tables to a 
radius of 100,000, and were reprinted the next year in the same author's 
‘Instrumentum primi Mobilis,’ Niirnberg, 1534, folio. Apian states 
that they are of his own calculation, and this is to us a strong presump- 
tion that no such tables had been previously printed; for Apian was a 
great reprinter of the writings of others at his own press, and very 
unlikely to have re-caleulated any table which he knew to exist already. 
The statement that the work of Regiomontanus on triangles, Niirn- 
berg, 1533, folio, contains tables of sines, is incorrect : we know it from 
examination of two perfect copies. We can point out how the mistake 
arose. Lalande (Bibl. Astron.) says that the first edition of the work, 
Basle, 1536, has in the title-page “ una cum tabulis sinuum.” Now the 
fact is that Lalande, who had only seen the second edition (Basle, no 
date, known to be of 1561), which does contain tables of sines, took the 
liberty of presuming that the first edition was the same in contents, 
title, and place ; in all of which he was wrong, and in the date also. 

In 1542 Rheticus, the most laborious of all the table-computers, 
made his first appearance as the editor of a work of Copernicus, ‘ De 
Lateribus et Angulis Triangulorum,’ &c., Wittemberg, 4to (Weidler 
and Kastner). This contains a minute-table of sines to a radius of 
10,000,000, being the first-published seven-figure table: the copy in 
the Libri sale of April, 1861, is the only one we ever saw. The table 
which appeared in the following year, in the great work of Copernicus 
(Copernicus, in Broe. Div.], is an abridgment of the preceding; 
going only to every ten minutes, and to a radius of 100,000. 

In 1541 appeared one of the tables which have obtained most cele- 
brity: being the ‘Tractatus Geo, Purbachii. super propositiones 
Ptolemei de Sinubus et Chordis, item compositio Tabularum Sinuum 
per Joannem de Regiomonte. Adjecta sunt Tabule Sinuum duplices 
per eundem Regiomontanum,’ Niirnberg (1541), folio (Kastner, &c.). 
The two tables of sines are both minute-tables, with radii of 6,000,000 
and of 10,000,000. The table of tangents to every degree is repeated 

in under the name of tabula fecunda. Ina mixture of tracts by 
Regiomontanus, Walther, Schoner, and Purbach, headed ‘ Scripta . . . 
de Torqueto, Astrolabio Armillari, . ..’ Niirnberg, 1544, 4to, is a 


* It would be better if we knew precisely when it is good. Not to believe 
_ than half is a yery proper caution: but there arises the old difficulty, 
‘hich half? 


Ehr. | June, 1845.) In 1551, the year following that in which he was placed 


table by Purbach, called Tabula Gnomonica, which is a table of tan 
gents to the radius 1200, giving the angle to each unit of the 1200. 
This table is repeated in Gemma Frisius, ‘De Radio Astronomico,’ 
Antwerp, 1545, 4to, already mentioned. ; 
Rheticus, in the meanwhile, was pursuing the route of analogy, which 
suggested to him the formation of a table giving all the ratios which 
exist between the sides of a right-angled triangle; by which he was 
led to the invention of what were afterwards pa hed poder n the 
completion of the trigonometrical canon, and to its arrangement in the 
form which it has ever since preserved. His ts in this matter. 
have long been forgotten; and it is only recently that the work 
which established them has received any notice in modern times, (See 
the Notices of the Astron. Soc., vol. vi., p. 213, and Phil. hav 


in the ‘ Index’ as a forbidden author, he published his ‘ Canon Doc- 
trine Triangulorum,’ Leipzig, 4to. This is a complete canon to every 
ten minutes, and to a radius of 10,000,000 (or, as we should now say, — 
to seven decimals) with differences, so arranged that the matters con- 
nected with each angle also belong to its complement, in the manner so 
familiar to those who can use any modern table. This arrangement — 
may be called semi-quadrantal, as opposed to the older quadrantal 
arrangement in which the sines are carried direct from 0 to 90°. 
Accordingly, the page of Rheticus has both a head and foot description, 
as in modern tables. So completely is he bent on the idea of a register — 
of the proportions of right-angled triangles, that he oy ae the use of 
the word sine. In the place of the sine and cosine he has the perpen- 
dicular and base to an hypothenuse of 10,000,000; for what were — 
afterwards called the mt and secant he has the perpendicular and 
hypothenuse to a base of 10,000,000; for the cotangent and cosecant he 
has the base and hypothenuse to a perpendicular of 10,000,000. The 
same description is adopted in his Pete work, of which we shall v 
sently speak. ‘To the smaller work is appended a dialogue, 7 
introduced Rheticus to his future editor; for Valentine Otho was so 
struck by it, that he went to Hungary to obtain information on the 
subject from the author. Otho relates that in the first interview, 
when he had hardly stated his purpose, Rheticus interrupted him 
with, “ You are just as old as I was when I went on the same errand 
to Copernicus.” 

In 1554 Erasmus Reinhold (who had been the colleague of Rheticus* 
in teaching mathematics at Wittemberg) published the ‘ Primus Liber _ 
Tabularum Directionum,’ Tiibingen, 4to. In this work, for the first — 
time, occurs a canon fecundus (not yet called a table of tangents) car- 
ried to every minute. Both sines and tangents were computed to a — 
radius of 10,000,000, and have differences. By the complemental 
degrees at the bottom of the pages, it appears that cosines and cotan- 
gents were intended. This work of Reinhold, though founded upon — 
Regiomontanus, must not be confounded with his professed edition — 
of the ‘Tabule Directionum’ of Regiomontanus himself, which had _ 
tangents only to every degree, and was printed several times, the last 
edition being in (1606). (We have not thought it worth while to cata-_ 
logue all reprints.) ami 

Tn (1558) (Delambre) Maurolycus published his edition of Theodo- — 
sius, Menelaus, &c. (Messina, 4to), containing the three tables, that of 
sines, the tabula faecunda, and the tabula benejica (as he called the pre- 
sent table of secants). This table goes only to degrees (except that — 
tangents and secants are given for 15, 30, 45, 55, and 59 minutes of the 
last degree of the quadrant), and is to a radius of 100,000. D. 
&c., suppose that these are the first tables of secants which were pub- 
lished, and they accordingly attribute the invention to Maurolycus. — 
But we have seen that it is due to Rheticus; and Finck (presently 
mentioned), who. lived close to these times, states expressly that Mauro- 
lycus borrowed this table from Rheticus. : nll 

In 1562 a pupil of Rheticus published a table of sines to every — 
minute, and to a radius of 10,000,000, with differences for one id, 
This was Samuel Eisenmenger (or Siderocrates, as he wrote himself), — 
in his ‘ Libellus Geographicus, Tiibingen, 4to. And there was, as we 
find stated in various quarters, a table of sines in the work on reyes . 
of Hermann Witekind, ‘ Conformatio Horologiorum,’ of which the if 
edition is said to be of Heidelberg (1576), 4to. Blundeville says they — 
are to a radius of 100,000. ah 

The first complete canon to every minute (that of Kheticus in 1551 _ 
being to every ten minutes) was Vieta’s ‘Canon Mathematicus, seu ad — 
Triangula, cum Adpendicibus,’ Lutetiw, apud Johannem Mettayer, &c., 
1579; to which is annexed, with a new title-page, ‘ Francisci Viet i— 

singularis, 


universalium ionam ad Canonem Mathematicum liber si 
Luteti,’ &c., as before. 

This same book, from the same types, is also found with another 
title-page, as follows :—' Francisci:Vietei opera mathematica, inquibus 


, ul 
* Reinhold taught the higher branches, and Rheticus the lower, It is very — 

illustrative of the neglect into which the prohibition (with other circumstances 
afterwards noted) caused the writings of Rheticus to fall, that Weidler—himself 
of the university of Wittemberg, writing and printing his History of Astronomy — 
there, giving minutely the dates of Rheticus’s degrees from the matricula or — 
register, and stating that from the time when he and Reinhold were colleagues — 
it had always been customary to have two teachers of mathematics—is as ill- — 
informed as any one about the writings of Rheticus, and in particular knows — 
nothing of the publication of 1551, of which we may therefore be pretty sure _ 
there was not a copy in the library. % 


” 
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tractatur canon mathematicus, seu ad triangula: item Canonion, &c., 
&c., &c., Londini, apud Franciscum Bouvier, 1589.’ This publisher is 
not mentioned es, 

The same book, again from the same types, is in the British Museum 
with a third title-page, as follows :—‘ Fran. Vietwi Libellorum Suppli- 
cum in Regia magistri, insignis. que Mathematici, varia opera mathe- 
matica: in quibus tractatur Canon Mathematicus, seu ad triangula ; 
= Canonion, &c., Parisiis, apud Bartholomeum Maceum,’ Xc., 

That the second and third are the same book as the first, with 
a new title-page, we have i by carefully comparing various 
words which are mis-spelt, and letters and lines which are broken, in 
all three : also by the fact that the second title-page, ‘ Francisci Vietzi, 
&c., exists, date and all, in the second. In the third, the second title- 

is taken out, and Mettayer’s address is printed after the first. This 

was, from its extreme scarceness, a bibliographical curiosity ; we 
examined five copies, three with the first title-page, one 
and one with the third: in two of the first three, some 
figures which are not found in the third have been stamped in after the 
; and the same stamping is apparent both in the fourth and 

ti canon mathematicus is the first table in which sines and 
cosines, tangents and cotangents, secants and cosecants, are completely 
given : they are arranged in the modern form, in which each number 
entered has a double appellation. But the notation of decimal frac- 
tions not being invented, the mode of description is as follows :—to 
ive the sine and cosine of 24° 2’, Vieta states that the hypothenuse 
100,000, the perpendicular and base are 40,727 and 91,330 9; 
a similar way for the others : and here it is remarkable that in 
cosines Vieta does use a species of decimal notation, leaving a blank 
= instead of using a decimal point ; for, to an hypothenuse 100,000, 
base to an angle of 24° 2’ is what we should now write 91330°9. 


ap 


which form a ee canon, but not 
The work concl with a copious collection of trigonometrical formule 
and various numerical calculations, for mention of which see Hutton’s 
Haar | of Trigonometrical Tables,’ prefixed to his logarithms, and 
in his tracts. A short preface by Mettayer, prefixed to the 
*Universalium Inspectionum,’ &c., states that Vieta found great diffi- 
culties in ing tables printed at all, and also that plagiarists had 
wr sold something of the kind, but what is not stated. Vieta 
i (Schooten, p. 323) calls this book infeliciter editus, and hopes 
that a second edition will be of better authority. 
Besides the three title-pages above mentioned, there must have been 
a fourth ; for in the title of that which Delambre examined was the 
motto Dura anes which certainly was not in either of the three 
seen by us. work has well obeyed the direction given: it has 
lasted in silence, having never been described in catalogues or histories 
till modern times. Copies seem to have been rare in Germany ; neither 
Weidler, Heilbronner, nor Kastner mentions it. Hutton never saw 


but his own ; Montucla (in France!) never saw more than two— 
one in the royal li , and one sold at the Soubise sale (but it is not 
in the catalogue of sale), which the historian would fain have 


bought, had not a curicux bid too high. And this was only by the 
time Montucla’s second edition was written, for by the mention of it 
made in the first edition it is clear that the author had never seen it. We 
have examined in London at least eight copies. We have mentioned 
the com ts which the author had to make against the printers: 
states that Vieta bought in as many copies as he could. 
There are several a of something odd gn, pa place in the 
; and the following is worth mention :—To one of the copies 
we have seen (as well as to one of those in the Museum) is appended 
one folio sheet, in correction of a mass of errors in one sheet of the 
collection of formule : this sheet is a separate publication, with the 
date, 1579, and printer's name on it (J. Mettayer). 

Vieta imitates Rheticus in his method of heading the tables, but in 
addition uses the word sine, and calls the table of tangents facunda, 
and that of secants fecundissima. He complains that elegant names 
have not been found, and states that he gets his denominations from 
certain Rhapsodi (as he calls them ; it is not often that mathematical 
tabulators are called ists), whom he does not name. In a later 
, the *Responsa, &c. [Viera, in Broa. Drv.], published in 1593, 
names and objects to the words tangent and secant, which by that 
he had seen. And he to call the tangents prosines or 
the secants tranesinusus lines. 
matter of Vieta’s tables, it is worth notice that they must 

t calculation. They do not exhibit the 
tangents and secants which appear in all writings 
more correct publication of Rheticus by Pitiscus. On the 
igonometry we have not 
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theretofore been. Delambre is quite right when he observes that the 


have referred in InvoLtuTION AND Eyotution. And as, by Gellibrand’s 
account, we trace the commencement of Briggs’s labours to shortly 
after the time when Vieta first published this exegesis, it is by no means 
an unlikely conclusion that the power of trisection and quinquisection 
given by this mode of solving equations first put it into his head to 
construct the table. [Invonturion anp Evotution.] 

Purbach and Regiomontanus had seen the advantage of adopting 
decimal tables, though their use of the radius 600, &c., was a remnant 
of sexagesimalism. It was reserved for Maurice Bressius to show 
himself a century behind his time, by publishing in his ‘ Metrices 
Astronomice Libri Quatuor,’ Paris, 1581, folio, sexagesimal tables to 
every minute of sines, tangents, and secants, or as he calls them, sines, 
adscripts, and hy, . Thus, the radius being 60°, the sine of 
57° 20’ is given as 50° 30’ 34”; and the adscript and hypothenuse as 
1 sex. 33° 34’ 46”, and 1 sex. 51° 9’ 44”; 1 sex. meaning 60°. Accus- 
tomed as we are to look upon sexagesimal division as sacred to angular 
and horary measure, we are apt to forget that the time was when other 
subdivisions were rarely used in Europe. 

As yet we do not find the modern names of tangent and secant. 
These were introduced in 1583 by a young man of twenty-two years, 
Thomas Finck, of Flensborg in Denmark (who died in 1656, aged 95), 
in his ‘Geometrie Rotundi [sic] Liber X4V., Basle, 4to. His part in 
the matter was quite forgotten, and has been recently revived (see Phil. 
Mag., May, 1845). He introduces the words with expressions which 
cannot * be interpreted otherwise than as a proposal of his own, to 
which it must be added that no earlier use of these words has ever 
been brought forward. The tables of sines, tangents, and secants, so 
called, which Finck has introduced in his work, are to every minnte, 
and to a radius of 10,000,000. Finck deserves a much higher name~ 
than he has got, for the contents of this work alone: there are other 
writings of his, which we have not seen. He calculated his own 
secants by a theorem which answers to the formulas 


3 7) 
Sec @ = tan @ + tan (45° — 5). 


In (1585-6) Clavius published at Rome, in quarto, his edition of 
Theodosius, to which is appended a treatise on triangles, and a table of 
sines, tangents, and secants, under those names to a radius of 10,000,000. 
They were reprinted in the folio collection of his works, Mayence, 
1611; and the table of sines only in his ‘ Astrolabium, Rome, 1593, 
4to, It is clear, on inspection, that these tables are, so far as tangents 
and secants are concerned, a reprint of those of Finck, in their pre- 
liminary theorems, in their arrangement, in their omissions, and in 
their errors, as well as in the new terms with which they are headed. 
The name of Finck is suppressed as well as that of Rheticus ; both of 
them were Protestants, and Clavius was a Jesuit, high in favour at 
Rome. Delambre expresses his astonishment that Clavius, in recapitu- 
lating the names of celebrated writers on dialling, should have omitted 
Sebastian Munster. The fact was that Munster followed Luther. We 
are not quite certain that a greater than Clavius was altogether exempt 
from this laughable weakness. When Vieta suppresses the names of 
his authorities, as above noted, calling them merely rhapsodists, we 
may almost suspect that he wanted to avoid speaking of Rheticus and 
Reinhold; for he was very intolerant. 

In (1591) Philip Lansberg published ‘ Triangulorum Geometrize 
Libri Quatuor, Leyden, 4to, the first work known to Hutton in which 
the words tangent and secant are used; and in 1592 Magini published 
‘De Planis Triangulis Liber Unicus, Venice, 4to. Both these contain 
full tables, taken from Clavius; and Magini is said to have repeated 
them in his ‘Primum Mobile, Bologna and Venice (1609). Magini; 
whu goes beyond Clavius in historical reference, wilfully suppresses 
the name of Finck, 

We at first thought ourselves unable to give a date to the tables of 
Stevinus, except within a few years, and conjecturally. That he pub- 
lished his Arithmetic in 1585, and that Snell collected many of his 
works in Latin in 1605-8, are the facts which are supposed to mark 
out the known limits of his career. The tables must have been pub- 
lished after 1598, since Vieta's for the tangent and secant are 
mentioned ; probably long after, for Vieta’s works were of very slow 
travel. ‘We ourselves believe fully that the Cosmographia, which 
contains the tables, was never published until it appeared in what is 
called Snell’s collection (in 1608). These tables are to every minute, 
to a radius of 10,000,000, and they are copies of Finck, Clavius, &e. 
Recent researches in Belgium have made it appear that Stevinus was 


* “Frit AI tangens.... Sic vocare plucuit [7.¢., nobis] quia.... Damus 
aliquid.... Regiomontano....damus etiam aliquid recepte consuetudini. 
Verum id non facile damus ut verba ea in usu retineamus quibus elegantiora, 
breviora, significantiora, veriora habeamus.” And again; “Sequitur.... que 
vulgo canon fecundus, nobis canon tangentium dicitur ; et canon hypotenusarum 
Rhetico, nobis canon secantium vocatur.” 

+ It can be made very obvious that Stevinus was alive throughout the whole 
of the printing of these two volumes (or five volumes bound in two), In the 
very last page of the last vol (index pted), the auth himself 
for not fulfilling certain announcements, because he had not made up his mind 
about the subjects of them, and the printer could not wait. And this after 
referring to the places of the several matters in the very volumes which gre 

pposed to be the collection of the editor. Besides, Snell, the reputed editor, 
was only seventeen years old when the work was published, 
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born in 1548, and died in 1620, which puts our opinion beyond 
dispute. The mistake about Snell seems to have originated with 
Gerard Vossius. 

Tn (1588) Nic, Raymar, Ursus Dithmarsus, published ‘ Fundamentum 
Astronomicum, id est nova Doctrina Sinuum,’ &., Strasburg. We 
cannot make out from the descriptions, whether this work contains 
tables or not. If Kastner’s and Delambre’s descriptions be complete, 
it did not. 

Who published the first English trigonometrical table is a point 
which we have never seen examined: and we must investigate it in 
the best way we can from rather scanty materials. We cannot find 
the word sine mentioned in the works of Recorde, nor in the English 
works of either Di father or son, nor in those of John Dee; nor 
indeed in any Bi written in English before Blundeville, except that 
of Burroughs presently cited. In the ‘ Ale, seu Scale Mathematica’ 
of Thomas Digges, London, 1573, 4to, trigonometrical processes are 

uired for which allusion is made to Copernicus and Regiomontanus, 
and the tables of Rheticnus are often cited (the ten-minute canon, of 
1551). In John Dee's ‘ Parallacticn Commentationis Praxeosque 
Nucleus quidam,’ London, 1578, 4to, there are also solutions of 
triangles, and the tables referred to are those of Regiomontanus with the 
radius 60,000, before mentioned. But neither of these writers makes 
the smallest allusion to any tables published in England. We have 
examined the libraries of more than one diligent collector of English 
works of the 16th century, without finding anything which at all con- 
troverts our decided impression that Blundeville * was the real intro- 
ducer of a complete canon of sines, tangents, and secants. 

Blundeville’s ‘ Exercises,’ London (1594), 4to (it is said sometimes 
that 1597 is the date of the first edition, but incorrectly ; the fourth 
is of 1613), were commenced, as he informs us, about seven years 
before. He alludes to Regiomontanus, Copernicus, and Clavius, frém 
whom he took his tables. And he informs us that Regiomontanus is 
in folio, and that Clavius is in quarto, and published in 1586, at Rome. 
We rely much on this in our conclusion that his were the first tables : 
for to mention the form of a book, or the date of publication, is very 
rare with the writers of his time; and it is most likely that so precise 
a person would haye noticed any previous work of the same kind in 
his own country. The tables, being copies of Clavius, have already 
been described. These ‘Exercises’ went through seven editions at 
least: the seventh, now before us, has the tables corrected from 
Pitisevs, by Robert Hartwell, the editor; it is London, 1636, 4to. 

Tt must be noticed, however, that though Blundeville gave the first 
English canon complete, a table of sines only had been printed four 

ears before. It is at the end of the ‘ Horologiographia, the art of 

ialling, by Thomas Fale, London, 1593, 4to (reprinted + in 1652). 
The sines are to minutes with a radius of 100,000, This then is the 
earliest table, but it is of sines only. We have seen that Digges used 
sines, but he is a Latin writer, and refers to a foreign table. Perhaps 
the first writer who used them in English (but still with foreign tables) 
is the well-known W. Burroughs, in his ‘ Discourse on the Variations 
of the Compasse,’ published in (1581). In the preface he apologises 
for introducing rules “ wrought by the doctrine of signes and triangles, 
which may seem strange in our English-Tongue,” and all he gives on 
tables is in the following e:—“In these examples I haye used 
the abridged table of 100,000 the whole sine, which though it give 
some ease in the working, yet it is not so exact as that of 19,000.000 
of Erasmus Reinholdus. Unto the which, with his Canon fecundus, 
answerable to the same, if the third Canon of the Hypthenuses were 
annexed, wee should haye an entire Table for the Doctrine of Triangles, 
that might worthily bee called The Table of Tables. Which thing, 
though Georgius Joachimus Rheticus have well begunne, and framed it 
orderly, from ten Minutes to ten; yet is it left very rawly, for such as 
desire the exact truth of things. I have therefore for mine owne ease 
and use, Calculated the complement of this Table, and almoste ended 
it, for the whole Quadrant, from minute to minute; which if in the 
mean time before I have finished, I shall not finde it extant by any 
other, I will publish it for the commoditie of all such as shall haye, 
occasion to use the same for navigation and cosmographie.” But this 
table was never published, and accordingly the editor of the edition of 
1614 refers the reader to Ralph Handson’s translation of Pitiscus, and 
the yery tables of that work are annexed to the end of some copies at 
least of the edition of 1614. They are tables to every minute, and 
toja radius of 100,000. The table is semi-quadrantal, and the com- 
plementals are Joined in contiguous columns, without any heading by 
which further t 45° could be guessed at. We cannot describe the 
first edition of Handson's work, having only seen the second, which is 
London, 1630, 4to; at least the tables are so dated, though the work 
has no date. (Wilson, in the preface to his Navigation, says the first 


* This is the same as the Blundeville who wrote on Horsemanship. In 1846, 
a patent for a horseshoe was upset in Chancery, upon proof that Blundeville 
had described it before 1600. 

+ That is to say, furnished with a new title-page: beyond a doubt the type 
is of the previous century. his, we find, was not an uncommon practice in 
the middle of the 17th century, in England. We suppose that the civil troubles, 
which operated against the production of all but theology or politics, threw the 
booksellers back on their old stocks, which they then replaced with new title- 
pages, defacing the 17th century with some of the worst specimens of the 
irregular black letter of the 16th, 
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was in 1614.) In 1609, John Speidel, afterwards well known in the 
history of logarithms, his career by publishing, in quarto 
‘ Certaine verie necessarie and profitable Tables ; namely, A Table of 
Sines, Tangents, and Secants, &c.’ This tract of sixteen s contains 
a canon to every ten minutes, and to a radius 1000, with some tables 


Ber an to ef 
In 1610, Arthur Hopton published ‘Baculum Geodeticum sive 
Viaticum, or the Geodeticall Staffe, London, 4to. The seventh book 
of this is called ‘ Trigonometria, containing ae and Alti- 
metria, performed by Synnicall supputation, with a Canon for the 
Dimension of tryangles.’ The canon (from Pitiscus) is complete for 
every five minutes and to a radius of 100,000. Peculiar to table 
is py Eds by which the sine, tangent, secant of the complement, or 
defect from 90°, are also made to belong to the excess above 90°; 
thus at 10” the sine, tangent, and secant of 80° are made to be those 
of 100°. , 
The history of the rest of the works of Rheticus was, till lately, Re 
inaccurately told, and there is still some confusion about it. ; 
Rheticus had published his ten-minute fe already noticed, 
1551, he was gecupied till his death in 1576, in what is, beyonda 
doubt, the most laborious work of calculation that any one man eyer 
undertook ; a He sted trigonometrical canon to every ten nds, 
and to ten places of decimals, sines to every ten seconds, and to fifteen 
decimals, with the first and last d to every second, and { é 
and secants to every minute, and to fifteen decimals. Tt is to be 
remembered that he wanted the abbreviations which might have been 


introduced, if he had known what Vieta had done, At his death, he 


had finished this work, within a mere trifle: what little remained to 
do, was done by his pupil Valentine Otho, and Fei of it was publish 
at Neustadt* in the Palatinate, 1596, in folio (sometimes bound in 
two volumes, from its thickness), The title of the book, which 


published at the expense of the Emperor Maximilian, is ‘ ie Pa ; 


tinum de Triangulis a Georgio Joachimo Rhetico jaw aN L. Vale 
tinus Otho Priucipis Palatina Frederici IV. Electoris Mathematicus con- 
summavit.’, The contents are (after prefaces) three books de Fabrice 
Canonis, on the construction of the Canon, by Rheticus; one book on 
plane triangles, and four books on s 


ight-angied spherical triangles, by 
the same ; five books on oblique-sngled apbietich) by the divas, 


Otho; three subsidiary astronomical tables called i the 
great table, in 540 folio pages, giving, under the aren deride, 


the sines, tangents, and secants, for every ten seconds, with a radius 
of 10,000,000,000, or, as we should now say, to ten places of decimals ; 
a list of errata; and lastly, a second table of cotangents and cosecants 
for the first half of the quadrant, to every ten seconds as before, and 
to a radius of 10,000,000. The appearance of the last table 


ism 
the editor's want of judgment; it is clearly nothing but stor: ¥ 


attempt, made before the larger plan was resolved on, and is much less 
accurate than the great table to ten places. = 
Within a short time after the ‘ Opus Palatinum’ was published. i ey 
found (by whom or how we are not told) that the tangents and seca 
towards the end of the quadrant became more and more erroneous, 


and at the extreme end were very erroneous indeed, All persons who — 


know anything of trigonometry are aware that, to calculate the 

or secant of an angle near to 90° true to any number of decimal plac 
requires that the cosine should be calculated to a num) 
places. Rheticus seems to have foreseen this, and to have provided 
sines true to a larger number of places than those which were pub- 
lished. When the defect was discovered, the advisers of the Elector 
Palatine, Frederick IV., to whom the work was dedicated by Otho, 
caused him to intrust the superintendence of the corrections to Bar- 


tholomew Pitiscus of Griinenberg, in Silesia, who had been his own — 


teacher, and who was still in his service as chaplain: we suppose this 
means that Pitiscus himself was the adviser. Pitiscus’ applied to 
Otho, then an old man, for the larger tables of sines which Rte 
was known to have calculated : Otho was never able to find them; b 


at his death they were found among his papers. Pitiseus accor ‘ 
made two publications; but so confused are the statements resj ‘ 


them, that some of our readers may almost doubt the fact. These 
publications were as follows: 1. He corrected all that part of the gre 
table of the ‘ Opus Palatinum’ in which the tangents and secants are 
sensibly erroneous, being the first 86 pages. These he reprinted, 
joined his reprint to the’ 540—86, or 454 remaining pages of the greit 
table. He then cut away all the Fabrica Canunis, the’ books on 
triangles, the Meteoroscopia, and the small table of 


cone &c., and 
added to his own 86 pages and Otho’s 454 a short iption, or com- 


monefactio, as he calls it, This of course gives a thin folio. But we 
collect from Delambre’s account of Prony's copy, that besides this, 
there were such things as complete copies of the ‘ Opus Palatinut,’ with 


the 86 correct pages substituted for the incorrect ones, And we 
presume that to these the separate title of the nonefactio was nob 
appended, being printed only for thé separated table. For Prony, 


Delambre, and all'the rest of the French savans (to whom the subjec 
was icularly interesting, on account of its connection with the 
‘Tables du Cadastre,’ then preparing) missed the date of the correction, 


which nevertheless appears on the separate title-page of the commone- 


ciles them with fact by taking Veostadium tin for Heidelberg! The 


* Weidler, copied by Montucla, gives i Latin and Lalande recon- 
to 
Neustadt here mentioned is now part of Bayaria, lat, 49°+, long. 11°—, 


= } 


. 


TABLE. 


TABLE. 


person who is used to accurate descriptions of books 
might possibly, without this warning, throw away thin folio we 
are speaking of, under the idea that it could not be in any sense an 
edition of the Opus Palatinum : which in fact it is not, though it is an 
edition of all that was corrected. The 86 pages of reprint are easily 
distinguishable by the inferiority of paper and type." The title-page 

te, &e., on the first 


has a title-page of its own, as follows : ‘ Bartholomei 
gensis Silesii Brevis et Perspicua commonefactio de 


et magni canonis doctrine triangulorum Georgii Joachimi 
ici. Neostadii Typis Nicolai Schrammii MDCVII’ It thus 
3 that the date is 1607, which no one has yet noted, except 


er, copying an older description, apparently without any distinct 
know of what he was describing. 2. Pitiscus published, 
fort, 1613 (misprinted on two of the titles 1513, by omission 
of a C), folio, the tables of Rheticus by hg pnt was enabled to 
make the preceding Corrections, under a long descriptive title begin- 
with ‘Thesaurus Mathematicus."* The contents, described in 
language, are:—sines to every ten seconds and to fifteen 
with first, second, third, sometimes more differences ; 
and last degrees, also to fifteen places, and to eve: 
tal sines, fram which the rest were calculated, 
sines of every 10th, 30th, and 50th second in 
i 22 places (this last table was done by Pitiscus 
Pitiscus died in July, 1613, very shortly after the publica- 
Thesaurus. 


When we come to ogra Ay find ot the tables of Rheticus on 

make such an in history of these things as might have 
Mo cal tistats ainda 1551, which we have described, 
which the memory was althost lost, introduced the secants, 


completed aystem, and’ su to Viela both the extension and 
its Had Rheticus pub’ his own table before his 
death, 


in 1576, it might havé been otherwise: btit deferred as this 
blication was, ly till 1596, seventeen years after Vieta’s Canon 
Rod 4 partly till 1613, the year before the publication of 
lguritns,t aral that the im had already been given froin 
uarters. The next great tables of sines which were produced 

the Brigte, who was, a8 we have seen, exclusively the 
Vieta ih part of the matter. The labours of Rheticus 
more than a tradition, though Vlacq used the last half of 
his quadrant in the construction of logarithinic sines. Vossius, 1650, 
definite of the tables except the Thesaurus, and that 
insert it in the additions to his work. Sherburne, 
nota word of tables. Briggs hardly tientions Rheticus; his 
. The Jesuit Blancanus omits him as a con- 
and it is to be noticed that he was, as to this 
Copernicus himself; for he was damnatus 
only damnati libri auctor : and the absoltite prohibi- 
all his writings must have tended to the oblivioti into 

his name fell. eidler, 1741, writing in the via of 
in which Rhetictis taught, had not seen the Opus Pala- 

w nothing of what Pitiscus had done. In the Berlin 
for 1786, John Bernoulli (the rp canee®) revived the know- 
the ‘ Opus Palatinum’ and the ‘ Thesaurus ;’ atid Lalande had 
come at some statement to the effect that Pitiscus had 

once poo Me instructions to correct the former. But Bernoulli knew 
nothing of these corrections, arid nothing was known uiitil chance 
of the corrected Opus arth in on ar et 

Prony, who ibed it in a i in the volume of the 
Memoirs of the Institute, 1804. Delatnbre gave an accurate accotint 
at the beginning of the second volume of the‘ Histoire de l'Astronomie 
Moderne.” Montucla had given nothing but mistakes. Hutton knew 
as touch as Bernoulli, Kastner (1796, wlio would have got much more 


tes 


units 
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* The Corrected copies of the work, thick br thin, may be distinguished from 
thé ancotrected ones in & nioment, a4 follows: Look at the bottom of page 7, 
at the rinmning titles of tle eoltimns. The uncorrected copy will have, a5 it 

it to have, 
Spee , Basis Differentia Hypothenusa, 
Put the corrected copy (quis custodiet ipsos custodes?) will have, as it ought not 
ay 
sc img Hypothenusa Differentia Basis. 
of the two works, the ‘ Opus Palatinum,’ and the ‘ Thes:urus,’ 
Which belonged to Deianibre, were bought at the sale of his books by Mr. Babbage. 
The copy of the ‘Thesaurus’ is curious: it once belonged to De Thou, and was 
to Delambre by Lalande. It sold at the sale for 216 francs; the 
+ Opus Palatinum ’ for 60 francs. Mr, Babbage has also a copy of the corrected 
table (the thin volume). He informed us that, in 1828, Reuss, the librarian at 
Gottingen, and the indefatigable editor of the ‘ Repertorium Commentationum,’ 
&e., the most complete digest of scientific transactions which exists, was 
Altogether ignorant of the existence of any corrections of the Opus Palatinum, 
This is a truly singular instance of the slowness with which bibliographical 
information spreads, 


credit if he had given a proper name to his valuable work of biblio- 
graphy, instead of calling it a history of mathematics) has a detailed 
account of all the matter, except the corrections of the Opus Palatinum, 
on which he could only quote from a periodical of 1789. : 

Th (1599) Pitiseus published his own work on Trigonometry, with 
tables, generally to seven places, and having intervals which may be 
described, as presently noted, by 0 (1") 1’ (2") 10’ (10") 1° (1') 45°. 
The edition of 1608, now before us, has of course the corrected tangents 
and secants. It was reprinted again in (1612), and Dechales mentions 
areprint, by Henrion, in (1623), ‘ 

Pitiscus will always be remarkable as the priest who wished that all 
his brethren were mathematicians,* to make them manageable and 
benevolent. 

Among the non-logarithmic tables, which were published after the 
invention of Napier turned all the calculators another way, was that of 
Schooten, ‘ Tabulz Sinuum,’ &c., Amsterdam, 1627, a complete canon 
to seven places, in a pocket volume with pages of two inches by four. 
It is often said to contain no error; but we believe the author's own 
assertion in the preface is the source of this opinion: Hutton found 
many errors in the last figures. There were two principes editions, 
one with explanations in Latin, the other in Dutch. Lipénius says 
this was reprinted in (1638?) and we know there is an edition of 
(1672) at Rouen, and of 1683 at Brussels. Editions are mentioned of 
(1640) and (1664), and also a Spanish edition, Brussels (1683), and of 
1683 at Amsterdaiti, from different type. Joh. Méyer’s tables, 
Strasburg (1619), contain sines, tangents and secants, squares, and 
cubes. Those of Adridti Metius (1633) give a complete canon; to 
minutes, to seven decimals. Ini (1627) Snell published his ‘ Doctrina 
triangulorum canonica,’ Leyden, containing a comiplete canon to every 
minute, and to seven places. Cruger’s ‘Synopsis Trigonometrix,’ 
Danzig (1612), gave a five-decimal canon to minutes. Albert Girard’s 
‘Tables des sinus,’ &c., Hague 1627, are to five decimals; there was 
a Dutch reprint in (1629). Adrian Romanus gave tables (Delambre, 
‘ Astr. Mod., vol. ii. p. 35) in (1609); they were taken from Clavius, 
The greater part of the contents of this ‘aph are taken from 
different sources, and not from the books themselves. “We might 
mention some anonymous tables from various catalogues, but anony- 
mous works of this kind are so rare that we always suspect them. 
One, however, now before us, deserves mention. It is a thin quarto, 
Wurtzburg (Herbipolis), 1625, announced as intended for the students 
of the University. It contains a semi-quadrantal table of sines (only), 
and is entitled ‘Canon sinuum ad decempedam accomodatus.’ The 
table is to a radius of 10,000, but the four places of each sine are 
severally called radii, pedes, digiti, grana; and are so headed in 
every column. The degree is divided into 12 parts, each of which is 
called a minute. P ar 

Alsted’s ‘ Encyclopedia, 1649, the earliest work which has bulk 
enough to be compared with modern works of the same name, gives 
nothing more than a canon to degrees and seven decimals, with another 
to ten minutes and five decimals. The name only of logarithms is 
mentioned, and an insufficient definition given. 

§ 6. Tubles of Logarithms—Before we enter on this subject we 
shall give a hint which may be worth the attention of future com-’ 
pilers, though in joining together two articles of older date than 
the additions we have not been able to take advantage of it to any 
great extent. Systems of tables may be arranged and spoken of either 
by their sources or by Seis form Thus in thinking of old books of 
logarithms we may have to whether they came from Vlacq or direct 
from Briggs; we also want to know the number of figures, the arran, 
ment, &e. The tables of logarithms might with some trouble be divided 
into sets, those in each set y 4 lineal descendants of their predecessors. 

Our mention of different works will be found, as to length and 
minuteness, much out of proportion to their celebrity, in many cases : 
this cannot be ayoided when we have information to give which is not 
commonly found. , 

1614. Napier, ‘ Mirifici Logarithmorum Canonis Descriptio, Ejusque 
usus, in utraque Trigonometria, ut etiam in omni Logistica Mathematica, 
Amplissimi, Facillimi, et expeditissimi explicatio. Authore ac Inven- 
tore, loanne Nepero,; Barone Merchistonii, &c. Scoto. Edinburgi, Ex 
officina Andreie Hart, Bibliopéle, c1o.pc.xiv.' 4to. Sines and Naperian 
logarithms of sines and tangents, to every minute and seven decimals. 

It must be specially noted that the logarithms which Napier himself 
published are not precisely those which are now called Naperian ; 
that is, they are not the simple logarithms to the base «=2°7182818. . 
As the sines increase, his logarithms decrease. As he uses no decimal 
point, both his sines and logarithms are integers, the former to a radius 
of 10 millions. And if N be a sine and 1 the logarithm of it, as they 
stand in Napier, the equation connecting them is 

L 
N=10,000,000 ¢ 1.0000 

* In his preface he says, ‘‘ Mansuetudo autem, bone Deus, quantum et quam 
rarum est ‘Theol um ! Et quam optandum esset hoc seculo, 
omnes Theologos esse mathematicos, hoc est, homines tractabiles et mansuetos,”’ 
Perhaps the union of the characters of divine and mathematician gives a 
peculiar right to speak well of the latter ; for Barrow says, ‘‘ Tenerrimw frontis 
et stomachi robustissimi, aut si mavis, pudentissimum tediique patientissimum 
genus homi sunt math ici.” We accept the si mavis, for there is no 
saying how the moderns might translate the first epithets, 
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Delambre proposes to call them Naperian logarithms, and to restrict 
the term Ayperbolic to the modern Naperian or € logarithms: but 
custom has refused. 

The reader may have some curiosity to see a specimen of the tabula 
princeps : we therefore subjoin three lines from the page having Gr. 37 
at the top and Gr, 52 at the bottom. The form is semiquadrantal, 
and the differentia is the logarithm of the tangent. 

oa _ 


a Sinus. | Logarithmi. Differentie, | Logarithm. Sinus, / | 
| pay | 
© | 6018150 | 5078050 | 2829544 2248506 || 7986355 | 60 
1 | 6020473 | 5074191 2823492 2250699 | 7984604 | 59 
| 2 | Go22796 | so70ss4 | 2817441 2252893 | 7982852 | 58 


This work of Napier was reprinted by Baron Maseres, in yol. vi. of 
the ‘ Scriptores ithmici.’ 

(1616.) Reprint of the above, by Edward Wright, to one figure less, 
with Napier's explanation translated into English, and preface by 
Briggs, London. Ne 

(1617.) Briggs, ‘Logarithmorum Chilias Prima,’ London. This is 
the first publication of logarithms on Briggs's system. 

(1618.) Benjamin Ursinus, ‘Cursus Mathematicus,’ Cologne, con- 
tains Napier’s Logarithms. For his ‘ Magnus Canon,’ see 1624. 

(1619.) John Speidell, ‘New Logarithms.’ A new arrangement of 
Napier’s, but giving sines, tangents, and secants, with numbers also te 
1000. These ‘New Logarithmes’ are the first modern Naperian, or 
hyperbolic logarithms. The second edition was in 1620, not 1627, as 
we stated (from others) before we had seen it. The reason of the 
mistake is that the ‘ Briefe Treatise of Sphericall Triangles,’ which is 
se Nenad prefixed, has 1627 on its title-page. 

ing decimals it stands thus :—If m : n be the sine of an angle, 
and if A represent the logarithm to the base ¢€, the jigures of the 
Naperian logarithm are found in 


An—Am. 


Thus, the sine of 19° 88’ is ‘336, very nearly, And wé have 


A 1000=6°9077552 ... 
A 336=5°8171111... 


10906441 Napier has 10906448, 


The figures of Speidell’s logarithmic sine are found in 
10-+-Am—An 


thus for 19° 38’ he has 890936. But he leaves the 10 out of all the 
secants and the last half of the tangents. His logarithms of numbers, 
0 (1) 1000, are modern hyperbolic to six decimals, as we should now 
say, but without the decimal point ; thus at 770 he has 6646388 not 
6.646388. To each logarithm he gives its difference, its arithmetical com- 
plement, and the halves of all three. Also an additional column which 
shows that he means to use his table in calculation by feet, inches, and 
quarters. Thus the number 775 has 16.1.3 opposite to it, there being 
775 quarter inches in 16 feet Linch 3 quarters. Atthe bottom of each 

e puts the logarithm of 100 and of 1000, for help in decimal 

ons. 

Speidell, as we have seen, first published in (1619); Baron Maseres 
reprinted from the “tenth impression,” dated (1628); there was an 
edition in (1627); Hutton mentions the seventh, dated (1624); we 
have the fifth, dated 1623, and the sixth, dated 1624; the Royal 
Society has one of 1623; Murhard gives the third impression, of (1621), 
and we have the second, dated 1620. In his “ briefe treatise” above 
mentioned, Speidell mentions, and naturally complains of, those * who 
had printed his work without an atom of alteration, and yet dispraised 
or undervalued it in their prefaces for want of alterations which them- 
selves either could not or would not make. This he attributes to his 
not having been at Oxford or Cambridge.t Having kept our eye on 
this work until we have obtained four copies of it, though the British 
Museum? does not possess one, without ever finding the smallest trace 


* To them he speaks as follows, in the introduction :— 


“To the M, C. Z, 
If that thou canst amend it, 
So shall the Arte increase : . 
If thou canst not: commend it, 
Else, preethee hould thy peace.” 


+ “Yet to satisfie in part the learned, that I can giue a reason for what I 
doe, I will set downe the making of these 2. last Theorems, whereby they may 
(if so they please) suppose I can doe as much for the rest, and whether some of 
them doe or no, I passe not greatly, for that they are sorry I can doe so well, 
not hauing seene one of the Vniuersities ” (p. 27). 

t The British Museum is well supplied with mathematical works of the 
period; and the deficiency illustrates what we shall say on the decadence of 
J. Speidell and his works. It is very much to be regretted that the Museum 
did not purchase Dr. Hutton’s library. The matter was in di jon, and 


of any reproduction by another hand, we permit ourselves to doubt 
Speidell’s assertion about the reprints: and the-more readily after 
finding out the reasons for suspecting him of unfairness of which we 
shall presently speak, . 
Whether for his own reason or not, Speidell’s name was very little 
known.* The Continental writers mention him; Wallis knew 
a hy him ; and even his own son, Euclid Speidell, when he pub- 
lished his ‘ Logarithmotechnia, in 1688, had no accurate information 
on his father’s writings; for he says, “I do find my father printed 
several sorts of logarithms, but at last concluded that the decimal or 
Brige's logarithms were the best sort for a standard logarithm, and 
did print the same several ways.” This must have been merely a 
mistaken tradition, arising from Speidell’s not having printed the same 
logarithms as Napier: we may safely say he did not print any decimal — 
logarithms. In addition to this testimony as to the rapid spread of 
logarithms in’ England which Speidell’s circulation gives, we may state — 
that their advantages were immediately seen by the practical mathe- 
maticians. Aaron Rathborne, in his ‘ Surveyor,’ London, 1616, recom- 
mends the use of the “tables and more than admirable invention of — 
logarithmes by that divine and noble writer the Lord Marchiston, whoes 
name and honour will never out.” 7 
It is to be noticed that two different tables of common logarithms — 
accompanied Speidell’s sines, &c. Our second, fifth, and one of two 
copies of the sixth, have, through 0 (1) 1000, the logarithm and its comple- 
ment with the common difference between them, and, by the side of 
them, the semi-logarithm and semi-complement, with their common — 
difference between them. But our other copy of the sixth impression 
has nothing but plain number and logarithm, without even the differ- 
ences, ane the larger table has, fp to 960, an argument in shillings, | 
ce, an i 
peThus far we got in the revision of our former article, when we 
took it into our heads to compare the four copies before us, and, ex- 
cepting only the new table of common logarithms in one of the sixth 
copies, we found them to be all from the same type, even to the ‘a 
title-pages. It is true that one has ‘The 2. Inpression. 1620,’ and 
another ‘ The 6. Inpression. 1624, &c.; but as much as ‘The In- 
ression. 162 ’ is from the same type in all. We cannot be deceived — 
ere, though those who are not used to such barr pchwer may think it 
ible. The inferior printing of that period abounds in badly — 
‘ormed, ill ranged, and blurred letters: and every instance of mal-— 
formation is common to all our three cases. Hyphens, in particular, 
are very tests: and one in ‘‘Ho-nourable” which happens to 
slant upwards in all three, and another in “ Play-House” which 
pens to slant downwards, are hardly possible coincidences. Hither 
type was kept standing, and each year’s sale was called an iar, 
or the title- was several times fraudulently set forward in date — 
after a number of copies had been taken off. There is no printer's” 
name; and that the type should have been allowed to stand for ae 
years is very unlikely, though we must see that the occurrence of an 
inferior table of common logarithms in the late editions is in favour 
of the supposition, It seems to favour the hypothesis that the forms 
of some of the last pages got broken up by accident, and that the — 
inferior table was set up to replace them. % 
1619. Napier. ‘ Mirifici Logarithmorum Canonis Constructio, Edin- — 
burgh, edited by Napier’s son. 
1620. Reprint of Napier, both the ‘ Descriptio ’ and the ‘Constructio,” 
at Lyons, by Bartholomew Vincent, bookseller. — ‘ 
(1620). Gunter, ‘Canon of Triangles,’ first trigonometrical e 
with Briggs’s ‘ Logarithms.’ We have not seen the first edition 
this canon, which is semi-quadrantal, 0 (1') 45° to seven rent 
0(1)1000 to eight. It was certainly first published in 1620, q 
and Wingate, in 1624, states it to be of Gunter’s own calculation 
acknowledges it as the source of his own reprint. A year or two 
wards, the work on the cross-staff was publi |, to which this ¢ 
was attached :; and in future editions the two always went 
The second edition of both was in 1636; the fourth (edited by 
Bond, who perhaps edited the third, of which we know no 
(1662) ; the logarithms of numbers being 0 (1) 10,000 to seven decimals. 
Gunter is entitled to rank as one of the pri calculators of 
logarithms, with Napier, Briggs, John Speidell, and h ‘2 
(1620). J. B, [Justus Byrgius], ‘ Arithmetische und Geometrische 
progresse Tabulen,’ e. This is the title given by Montucla, and 
the history of the is as follows :—Kepler had stated that Byrge 
had invented the very same logarithms as Napier many years before 
the latter published anything on the subject. And Bramer, author of 
a German work on perspective, Cassel (1630), says that his brother-in- 
law and teacher, Justus Byrgius, had, twenty years before that time, 
made a table of progressions with differences of 10, calculated to nine — 
figures, which he had published without text at Prague in 1620. This 
informed Mon 


announcement obtained no notice, until Kiistner 


making the purchase, and that such was the eppeie g of those 
thought about such things. (Bruce, ‘ Life of Hutton,’ Neweas 1823), 8 
the finest set of mathematical tables ever collected in England was dispersed. 


* There is not now a copy of any edition in the British Museum, ; 
h to say that there is in the seventh impression (being the one he 
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almost in negotiation; but things were prevented from going further by 
Sir Joseph Banks. Hutton distinctly declared, both at the time of the sale and 
after, tnat his “old implacable encwy’” had prevented the Museum from 


PP 


before him) a table of logarithms of numbers. In the ‘ Encycl. Brit.’ this is 
translated into an assertion that the logarithms of numbers were not 


until the seventh impression, 


(how, Montucla does not state; probably by private communication, 
or per! Montucla ought to have cited the ‘ Fortsetzung der Rechen- 
kunst,’ 1783) that this passage of Bramer had led him to look at some 
old tables which he had bought, and which had lain by neglected. 
And in these old tables he says he found the above work of Byrgius. 
This occurs im the second edition of Montucla’s History, vol. ii. p.10; 
see also Kiistner’s History, vol. ii. p. 375, and vol. iii. p. 14; and 
Delambre, ‘ Hist. de Ast. Mod.,’ vol. i. pp. 560-566. It will be noticed 
that Byrgius did not publish till six years after Napier; so that in all 
ity Napier is first in point of invention as well as publication. 
ius’s system begins with 0 asa logarithm and 10° as a number; for 
every increase of the logarithm by 10, the number is multiplied by 
10001; so that 10m has for its number 10° (1'0001)"—. This is 
undoubtedly a rude table of logarithms, or rather of numbers to loga- 
rithms; and since Byrgius carried it up to 230270, the number to 
which is 999999999, he certainly secured the main advantages of 
logarithmic calculation. 

, who has in general treated Napier with fairness, has in 
one instance formed a conclusion on ises so sti , that we 
hardly remember the like in any historian. (‘ Astr. Mod., i. 287-291.) 
Ursus Dithmarsus, the pupil of Byrgius, in his work of 1588 already 
mentioned, hints at some method by which he can calculate sines 
even in numbers, and arithmetically ; and afterwards he talks of 
doing this in common numbers, by inscription, and in logistic num- 
bers, by section of the angle. What he means Delambre cannot 
understand, neither, we should suppose, can any one else: but, 
seeing that he is a pupil of Byrgius, who afterwards made an 

ithmic table, Delambre interprets him as possibly con- 
the ideas of Byrgius to Napier. That is to say, certain unin- 
ible professions of Ursus, who does not even attribute them to 
Byrgius, and in which Delambre himself, with all his knowledge of 
logarithms, can neither see logarithms nor anything else, may have 
given the first idea of logarithms to Napier, or may furnish presum: 
tion that Byrgius gave that idea in some other way, One would 
ser age suppose that Delambre had been misled by the 
an’ of common and logistic numbers, the usual terms of the 
day for integers and fractions. Thus, Kepler begins the Rudolphin 
by a chapter on the logistics he means to use, and warns the 
he will express the distances of the planets by dividing 
sun into 100,000 parts. 
following is a summary of the ground of presumption that 
Napier’s was well advanced, in thought at least, if not in actual 
calculation, before 1588. Kepler testifies that Napier gave Tycho 
Brahé strong hints of what was coming in 1594. Now in 1593 Napier 
published the first edition of his interpretation of the Apocalypse ; and 
there is no reason to doubt his declaration that he considered this as 
the main business of his life, and mathematics as only secondary. 
This heavy work shows what was his main employment in the years 
ing 1594, in which year his system was well advanced ; which 
we take to make probable, all things put together, that it was well 
advanced at least four or five years earlier. Napier returned from 
travel and settled down to study in 1571, and probably he soon began 
his researches. It is to be noticed that his system of logarithms did 
not stand alone. He informs us that he tried many plans to facilitate 
calculation, some of which might perhaps be published: this he says 
in the _— to his canon of logarithms. Accordingly, in 1617, the 
* Rabdologia * ee cee. Bowrs]; and this was only one of 
three plans, of which the others are but named. Napier was not in 
haste to publish. His son informs us that the second tract, the 
* Constructio,’ was written years before the- name logarithm was 
invented; and this description must have followed the actual calculation 
of much, if not all, of the canon. 

1624. Briggs, ‘Arithmetica Logarithmica,’ London, Logarithms 
(decimal) to fifteen places, from 0 to 20,000, and from 90,000 to 
100,000, with interscript differences. After his death, in 1631, a 
reprint was, it is said, made by one George Miller; the Latin title and 
yp eeaee’ parts were replaced by English ones; ‘ Logarithmicall 

thmetike,’ &c. We must doubt the reprint of the tables, and think 
that they were Briggs’s own tables, with an English explanation pre- 
fixed in place of the Latin one, Wilson (in his History of Navigation, 

ed to the third edition of hago ete Be that some copies of 
of 1628, were purchased by our booksellers, and published at 


London with an ish explanation premised, dated 1631. Mr. Babbage 
(to whose rare collection of tables we were much indebted 
in the original article) has one of these copies; and the English explana- 


tionand title is the same as that which was in the same year attached to 
the asserted reprint of Briggs. We have no doubt that Briggs and 
were served exactly in the same manner. Some copies of Briggs 
have, after the ‘ Finis, another chiliad of logarithms, headed ‘ Chilias 
centesima prima,’ and arranged like the ing ones; also, a page of 
mare roots, to eleven decimals, from 101 to 200. In some copies 
page of errata follows the additions. ; 
1624. Benjamin Ursinus, ‘Magnus Canon Triangulorum Logarith- 
mieus ex voto et consilio Mustr. Neperi p.m. novissimo,’ Cologne (at 
the end, Berlin), 4to, This is an extension of the original Naperian 
logarithms to eight figures, and to every ten seconds : the last places 
are much more correct. The a ent is entirely that of Napier, 
with the addition of the tabular differences, headed differ. or D., the 
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heading of the logarithmic tangents being different. (contraction of 
differentie). There is no preface; but the ‘ Trigonometria cum magno 
Logarithmorum canone, published in the next year at Cologne by 
Ursinus, contains the necessary explanations. It is bound up with the 
canon in the copy we have seen; and probably the canon was not 
issued without it. 

(1624.) John Kepler, ‘ Chilias Logarithmorum,’ Marpurg, and (1625) 
‘Supplementum ...continens Precepta de eorum Usu.’ These were 
reprinted by Maseres, in vol. i, of the ‘Scriptores Logarithmici’ See 
a very full account of them also in the first volume of Delambre’s 
History of Modern Astronomy. The logarithms are strictly Naperian, 
0(1)1000, but-four ciphers are put to the end of each number, to make 
the radius ten millions, are five columns, of which this is a 
specimen :— 

44° 30’ 26" | 7010000 | 16 49m 265 | 3552474 | 42° 4 


The number here is 701, and the sine being 7010000, the angle is 
44° 30’ 26". The logarithm is 3552474. And if 1000 represent 244, 
then 701 represents 16" 49™ 265; while if 1000 represent 60°, 701 
represents 42° 4’. There are also interscript differences. And thus 
Kepler originated the species of table now called logistic. 

1625. Wingate, ‘ Arithmetique Logarithmique, Parig (reprinted at 
Gouda, in 1628, according to Murhard). Wingate was an Englishman 
who first carried Briggs’s logarithms into France. The work was 
reprinted in England, in the same year. Dodson, Hutton, Ward, &c., 
say the year of the French publication was 1624; but Lalande and 
Delambre knew of none previous to 1626, and a copy of the last date 
which we have examined bears no mark of being a second edition, and 
refers to nothing as published before, except a tract on the rule of 
proportion (Gunter's Seale). The logarithms are from Gunter. 

But we have found a copy dated 1625, and we are satisfied, from the 
date of the “privilége” and other things, that this was the first edition. 
That date is November 4, 1624, and the printing is stated as having 
been finished April 4, 1625. This edition and that of 1626 are from 
the same types, except in their title-pages and a page or two of the 
postfixed explanations. The latter has also a further appendix of 
differences and some points of explanation. It has also additional 
(perhaps, for the same thing may have been torn out of our copy of 
1625) a folding sheet of mean proportionals between 10 and 1. The 
contents are,—seven-decimal logarithms of numbers 0(1)1000 with 
interscript differences ; and 0(1’)45° logarithms of sines and tangents, 
with the complemental parts on opposite pages. These logarithms are 
from Gunter. This is the introduction of Briggs’s logarithms into 
France; that of Napier’s was made, as noted, by B. Vincent. 

(1626.) Henrion’s ‘Logarithms,’ Paris. (Dodson, followed by 
Hutton.) Lalande knew nothing of this work, nor Delambre. All we 
can learn is from Dechales, who states that Henrion wrote on the pro- 
portional compasses in (1623), reprinted in (1681), and on the rule of 
proportion (which we take to be Gunter’s scale) in (1626); and that 
this last work contains logarithms of numbers up to 2000. 

1626. ‘Tables des Logarithmes pour les nombres d’un’a 10000, com- 
posées par Henry Brigge. A. Goude. Par Pierre Rammaseyn.’ The negli- 
gence of a bookbinder enables us to clear up some confusion, in rather a 
singular manner. Sherwin states that he examined his table by one of 
Vlacq’s, in large * octayo, printed at Gouda in 1626, of which table we 
find no other mention, The table before us corresponds in every respect, 
except that there is no author’s name; but no one except Vlacq can be 
mentioned, who was in the least likely to have printed logarithms at 
Gouda in or about 1626. At one time we thought that this table was 
the original of the long series of small tables called after Vlacq ; but 
this was a mistake (see 1625, Gellibrand), and the mistake was partly 
due to the following circumstances. This table, Gouda, 1626, having 
the title, when not cut away, above described, and which we have also 
seen with a Dutch title and preface, is the table which is always bound 
up at the end of ‘ Pgh Sage or art of Shadowes.... by T. W[ells], 
Esq.,’ London, 1635, large octavo. It has a preface by Gellibrand, 
who was thus accessory to the introduction of one small table by Vlacq 
in the very year in which he (Gellibrand) published another small table, 
the reprints of which were destined to be called by Vlacq’s name. 
That the book was intended to have these logarithms bound at the end 
is evident from every page of it. Now the fact stands as follows :— 
A sufficient number of copies of the logarithms having been procured 
from abroad, the binder was directed to cancel the title-page of the 
logarithms, and to append them to the work. Accordingly, most 
copies have no title to the logarithms, which look quite like part of 
the work, But in some copies the binder has not cancelled as required; 
we have obtained two (since our first article was written), and there is 
another in the library of the Royal Society. But in all three copies 
the title of the logarithms is cut half way up with knife or scissors, as 
a direction to the binder to caticel it. One of our copies has this 
Dutch title-page to the table, ‘ Henrici Briggii Tafel van ithmi 
voor de Ghetallen van een tot 10000. Ter Goude ... 1626.’ And 
the work (though the same impression as before) has a different title- 


*® The work we shall describe would not now be called large octavo; but 
may have been so in Sherwin’s eyes. The octavo sizes (and indeed all the sizes) 
varied as much as they do in our own day, when between post, demy, royal, 
&c., we hardly know what is and what is not octavo, 
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on, date—nimely, ‘The Coripleat Art of Dyalling ..., by 
. Wélls of Deptfort, Esq.,’ London, 1637. 

This table contains logarithins of numbers 0 (1) 10,000, to ten 
@écimals, and a complete canon (of logarithms only, antl of semi- 
qiiadraiital form) to every mintite anid to sevéii decimals. But the 
terms cosine, cotangent, cosecant, are not yet introduced. 

(162%.) John Maire; ‘ Mage Be eet us,’ &e., Leyden. Such 
& work is mentioned by Murhard from Schéibel. It contained sines of 
minutes, to 7 décimals, in Napiéridn logarithms; With differences to 
ten seconds, 

1627. John Képlér, ‘Tabuli® Rudolphini, folio. Aniong the tables 
in this célebrated work are the following; First, a variation of the 
bgistie table. Next, a table of logarithms, opposite to which are the 
angles of which they are the Naperian logarithms of sines, aiid adapted 
to the two ascending arithnietical series 5", 10",.... 60’, arid 2, 4", 
... 24%,and to the reciprocal, or harmonic series, 720, 360, 240, .... 1. 
This table, frorp: its number of terms, he calls a heptacdsias of logistic 
logarithms: we éhall bee that Batsch exterided the first. teim; and 
We noté that Kepler heré introduced the other. Secondly, a reprint of 
Napiet’s own table of sines and (now called) cosités, to two figures less 
than in Napier. Kepler calls the logarithms of cosines antiligarithms, 
and abandons his right to the word at the sanie tinie; For in Napier’s 
semiquagrantal form, the cosines do stand over against thé sities: but 
in Kepler’s quadrantal form they do not. Napier does not use any 
distinctive word. Thirdly, Napier’s differenti, called by Kepler 
mesoloyarithms (being in Napier in thé middle), are reprinted 
separately to every minute of the first ten degrees, for the sake of the 
latitudes of the planets, Fourthly; more accurate cosines 0 (10") 1°40’; 
ave given. 

1528, Adrian Vlacq; ‘ Arithmetica: Logarithmica, Gouda. The 
whole hundred chiliads of nunibers, from 0 to 100,000, to ten deci- 
inals, Sines, &c.; to every minute. This work very much displeased* 
Briggs’s friends in England. On the oné hand the work is called a 
second edition of Briggs; and, being all in titimerals.and in Latin, it 
needed no translation, The prétexts were, first, that copies werd 
scarce in Belgiuin, which was ‘bad: and that Briggs had omitted the 
logarithms from 20;000 to 90,000, which was good, On the other 
hand, it miay be held that the supplying of this defect made a new 
work of the ‘vhole; and that the description of it asa second edition 
of Briggs was too large a concession. A middle course ought to Have 
been taken: Briggs ought to have been consulted. Had this been 
done, an arrangemefit would probably have been made which would 
have satisfied all ies. The error, if any, was purely commercial : 
there is nothing the least resembling literary plagiarism, but rather the 
opposite fault, over ascription. 

(1680), Bartschius. The tables which Bartschius published inde- 
pendently of his father-in-law (Kepler) had fallen into oblivion, when 
Eizenschmidt found a copy and republished them with Kepler's last 
tables; and with interscript differences, under the title of ‘ Joh. Kepleri 
et Jacobi Bartschii Tabule manuales logariththice, Strasburg; 1700, 
12me. What the titles and dates of the original works were, we can 
find only from Lipenius, who gives them as follows :— 

Jac. Bartschii ‘Tabula: Nove Logarithmico-logistice, Leipzig, 
folio, 1635; and ‘Trichil. Hexacvosias Logarithm.’ Sagan, 
8¥0, 1630, 

Whether the first was an original edition we do not know : if so, it 
was uinous: The réprint by Eisenschmidt contains (from 
Ursinus; see 1624) a table of logarithmie sines to six figures; 0°(10") 
24° (15") 48° (20") 69° (30") 82°(1/) 90°; a table.of logarithmic tangents 
0° (10") 90°, called shesologurithms; a more aecuraté table of loga- 
rithmic cosines 0°(2")2° 7! ; au astronomical table which it is not in 
our plin to describe; and a table called Trichil-Hexacosias logarith- 
morun logisticorum, being 4 table of. what are still called logistic loga- 
fithms with 1° and 24" for first terms. 

(1680). J. Faulhaber, ‘ Ingeniéurs-schul.,; Erater Theyl;’ Frankfort. 
This work contains logarithuis, accordifig to Scheibel, who ddes not 
give a description. 

1631. Norwood, ‘Trigénometrie.’ Logarithms to seve places; 
numbers to 10,000, sines, &c. to every minute. We do nut know the 
date of the first edition of Notwood’s ‘ Epitomie’: there is one of 
(1045) (Wilson) and we have one of 1659, The tables aré of five 
decimal places, 0(1')45° and 0(1)1000; with @ separate title “A 
Triangular Canon Logarithmical.’ 

1632. Cavalieri, ‘Directorium Generale Uranometricum, Bologna. 
Eight-figure logarithms, the ten first thousahd numbers in columns of 
twenty: the sines, &c, to various divisions in different parts of the 
quadrant. It is very convenient to have a short modé 6f denoting 
change of intervals; the following could hardly be misunderstood : 
—Cavalieri's tables ate; 0 (1")5 (5") 10’ (10") 20"(20") 80’ (30"} 1° 80’ 
(1 45". The table of logarithmic versed sine’ is said to be the first 
given. Cavalieri gave logarithms again in his trigonometry (see 1643) ; 


* Norwood, in his Trigonometry (preface dated November 1, 1631), reminds 
his readers that wien he quotes the ‘ Arithmetica Logarithmmica ’ he means 
Briggs’s book of 1624, not that put forth a month since in English (see ante, 
1624, Briggs), “ beitig nothing hke his, not worthy hid Hame.”” He blames 
Viaeq fur his “second edition” of Briggs's work, against Briggs’s “mind and 
liking,” whieh he says frustrated the second edition of the origitial, besides 
omitting some things of special moment. 


and also in his ‘ Tabula Trigonomeétrica,’ of which we do not know the 
1688, Gellibrand, ‘ Trigonoiiiétria Britannica,’ Gouda. Briga's work, 
Which he did not livé quite to complete. Sines, tangents, and secants, 
with logarithitis of the sihes and tangents: sines to fifteen nals, 
tangents and secants to tén, logarithins of sines to fourteen decim: 
logarithms of tangents to ten decimals, It is to hundredths 


degréés, not t6 minutes. és 
of 


1683, Vlacq, ‘ Trigotiotyetrica Artificialis,’ Gduda, Logarith 

sines, tangents, and secitits, to every teti seconds, and to ten placés 0 

aeieae Twenty thowsind of Briggs’s logarithms of numbers are 
ded. , 


, 


2 


1633, Nathaniel Roe, ‘Tabule Logarithisicw, Lotion, Seven. 
fizire numbers to 100 thousind, ten-figure sines, &@. to hundredths of 
degrees, The first table in which attempt at compression was made: 
the nuiibérs are in columns of fifties, the first figures of the logarithms 
being at the top. A model for a small and clear type. The 
explanations are called Wingate’s, whose tiame is by the damnounceiient 
made so cUiispicuots in the title-page, that the whole book must havé 
often been attributed to him: , 

1633, J. B. Morin, ‘Trigonometrie Canonices Libri Tres, Pai 
Seven-decimal Logatithins; of Numbers 0(1) 1000, with interseript 
ae ; of Sines and Taiigents 0(1’) 45°. The decimal point is n 
tused. : \ 

thee 2 Criiger. Kiisther gives Dantzig as the place. The loga- 
rithms are Naperian, according to him. - a 

1634. Herigone, ‘Cursus Mathématiciis,’ vol. iii, Paris, Said to | 
the first di course of nidthematics ; contdins logarithms, 
réritly froti Wingate’s French of 1626. : es 

(1634). Frobenius, ‘ Clavis Univ, Trigdii.” The (by that time) wétal 
Briggs’s logarithinis to seveh ag i Se 

(1634). Cruger, ‘Praxis Trig. Logarith. cum Logar. Tab, &@, — 
MT ASSY Gruss ‘Doctriita Astro Daritéig. Contains loth: 

(1635). r, ‘ Doctri nomic,” “ig. Con Oya: 
rithmic tables. Stine 2 aa 

1635. Anonymous, ‘ Logarithineticall Table’ London. [Attributed | 
to Witigate. Dodson is followed by Hutton in saying that Wi 
published an English edition of his French logarith But Hui 
never saw any pridt to this of 1635, and we can find no mention 
anything of Wingate’s translated from French, Mar ie an old 
catalogue which gives no dates)‘ The Construction a se of the 
Logarithmeticall Tables,’ not tables themselves. THe logarithms of — 
the tablé now before us are of six figures, and for tlie first time units’ 
figures are at the head of the coliimns, and the tens down the margit, 
There are tables of 1682, attribiited to Wingate. ] Pee 
We allow tlie preceding para ph i [7 #0 bah Ai th nny 


Cyclopedia,’ in illustration of the difference between the utmost that 
can be got from second-hand sources, and thé results of a look at the 
original, We have found al « fe the following work :—' Aoyapib- — 
porexvla, or the Construction and Use of the Logarithmeticall Tables, 
.... first published in the French Tongtie by Edmund Wi Hei 
and, after translated into English b. e Same author, ee 
Edition, diligently corrected and enlarged by the Autior himself? 
Lordon, 1648, 12m. ‘The work is the letter-press of Wingate of 1625 _ 
and 1626, already noticed, translated into English. The tables faye q 
a French title of 1085, ‘Une table logarithmique... nprimé 


Londres’ But our steed pve of the tables, peing that which | 
this article, has an English title, though both tables are from 
type. No doubt the edition was df 1635, and the supply 
tables lasted several editions of the supply of text. Wingate was 
wealthy man, and probably found his foe to alter and amend 
his descriptions outrun the sale of the work. But the tables are red 


reptitits of the French tables of 1625. ‘They are to six 8, 

seven ; the numbers are 0(1) 10,000 range by double entry, three 

digits and one: and the trigonometrical tables are atranged in 4 

manner more like that tow in use. i 
1635, Hehty Gellibtand, ‘ An Institution Trigotioutetrieall, London, 


; of numbers 0 (1) 10,000 ; sines, 

atid secant, with logarithins of sines and ts, dividing the 

into two parts, one of three coluiins, the other of two, The form 

semiquadratital, bit qtiadrantal, with the complémental ¢ 

verted) on the opposite page. No differences; some subsic 

f Briggs prefixed 
all 


Seven decinials ; 1 


(in 


for astronomy atid navigation; the name o: 
logititlims of iiumbérs only. This is the form ot a series 
which thro ged continental editions; but : 
name of In, + is stated that Viacg’s first edition of thetn ai 
in (1636): and Dedhales (i. 22) describes a work of Vlicq of 
the dbove conténts, as of Gouda (1636). Early editions of stall works 

aire often lost to liistory. Now We have seen ee a , 
appropridtor of English ideas: in less than four years he ans a's 
Briggs, with the 70,000 missing logarithms, and a table of sines, &c. 
We must sup that, he seized upon Gellibrand’s , atid imme- 
diately reprinted it. We have seen (1626) that Vlacq’s previous idea 
of a small table had been very different. 


The orightatot, then, of the long succétslott of attial tables is Gelli, 
are known ata glance 


a 


yee All the tables of oe ie rand model ary 
containing, on one , Sines, tangents, secatits, with lo; } 
gines and tatigents, an seis Oihite but veen the sines, &e., and t 


. | 


TABLE. 


logarithms. Under the name of Vlacq, his idea prevailed till 1760, when 
Lalande 


first commenced a new series. Lalande himself originated a 
third series in 1805 ; and the next series begins, for England, with the 
reprint of Lalande by the Useful Knowledge Society in 1839. Schulze 
speaks of some tables by Wolf, as being as common in Germany 
as those of Vlacq: of these we do not remember to have met with 


@ copy. 

1643, FB. B. Cavalieri, ¢ Trigonometria plana et spherica,’ Bologna. 
Seven-decimal Briggs’s logarithms 0 (1) 1000, with interscript ditfer- 
ences; also sines, tangents, secants, and their logarithms, () (10") 30’ 
(30") 1°(1') 45°. But the decimal point is not used. The logarithms 
of sine, tangent, secant, are styled logarithm, mesologarithm, tomo- 


1651. Vincent Wing, ‘ Harmonicon Coeleste,’ London. The logar- 
ithms have reparat ite and might, if torn out, pass for separate 
works. They have al point and are to six decimal places. 


e ing 
ion (which is that of an almanac-maker) would imply. 
Heres, ae Newton, ‘ institutio Math th ec 2 vols, 12mo. 


es. 

1657. Oughtred’s ‘ Trigonometrie,’ Londgn, published both in Eng- 
livh and Latin in the same year. The logarithms howeyer are from 
the same type, with the Latin title in both they are complete six- 
figure logarithms ; the numbers, which go to 10,000, haying seven 
figures. ‘The trigonometrical part contains sines, tangents, and secants, 
ee the logarithms of sines and tangents, The table is quadrantal, 

e supplemental degree being in the opposite page inverted. It 


’ divides the degree into 100 parts, though each part is called a minute. 


(1657). John Newton, Hee to Calculation,’ &c., for converting 
se: 1 tables into decimal by logarithms. 

1658. John Newton, ‘ Trigonometria Berrie, London, The loga- 
rithms of sines, &c., are 0) (0°-001) 3° (0°-01)45°, to 8 decimals; also 
to 15 and logarithms of sines to 14 decimals, 45°(15') 90°. The 
logarithms of numbers are thrown into the form which they haye ever 
since preserved in seven-figure tables. But, instead of differences to the 
logarithms of numbers, five decimal thms of differences are given. 

1668. John Newton, ‘The Scale of Interest, or the use of Decimal 
Fractions.’ Here is a table of logarithms to six decimals 0 (1)10000 

nged in lines of decads, with a separate table of proportional parts. 
This ia the firat stiorp t a. school-book jee . workman's book. 
There is an appendix o applica ion to carpentry and gauging. 

1669. Phillippes, ‘A pthemstical Manual.’ Sis-Agure logarithms, 
common and trigonometrical without secants or cosecants, 0 (1) 10000, 
0(1') 45°. 

1679. ‘A table containing ten Miliads....’ and ‘ A triangular Canon 
Legerishmieal, London. Seyen-decimal tables, numbers 0 (1) 10,000, 
and sines, ippeents, and secants ((1’) 45°. These tables belong to 
Fatt one from which our copy is cut out: signatures from Aaa to 

tt, quarto. 

a1. Viaeq, ‘ Tabulee’ Sinuum, &e., Anelerdun: slap 1688, Vi, 
iT es de Sinus,’ &c,, Amsterdam ; and 1689, Ylacq, ‘ Tabellen der 
Sinnum, &e.,’ Amsterdam. These have the same introduction, one 
in Latin, the other in ney fae: Lipo in sane. have sineg, 

, secanta, and logarithms of sines and tangents, to eyery minute 

nd to seven decimals. Also, pen-decimne! logarithms from 1 to 

10,000, headed ‘H. Briggii Tabula Logarithmorum.’ The firs and 

second are different prints; and that of 1683 phich passer for the 

most correct (see 1697, Ozapamn), is ina beantifully legible bold type, 

large for so small a book. There are those who would he glad to use 
it now. See above, at the year 1635, Gellibrand. pron 

1681. Jonas Moore, ‘ New Systeme of the Mathematicks,’ London, 
2 yols. 4to. In the second volume, as of an extensive system of 
fables for navigation, are foer tables of logarithms of numbers to 
seven decimals 0(1) 10,000, with tables of rtional parts 44 (i) 4320; 
sines, tangents, and secants, and their logarithms 0(1') 45°. Also, for 
the first time in England, a complete minnte-table of natural and Joga- 
rithmic versed sines. . ry 

1635. Ozanam, * Tables des Sinus,’ &e., Paris. This is really Ylacq 
in every particular as to the tables, though his name is not mentioned. 
The tables are attached to a work on trigonometry. Many 9 writer 
thought that the body of this work consisted in his own trigonometry, 
or surveying, &c., and that the table was an accessory at which no 
notice taken. And so, in our own day, many persons who are 

nite above plagarism of text think it no sin to borrow plates or 
Bsa without acknowledgment. aka 

1690. Dechales, ‘Cursus seu Mundus Mathematicus.’ The first 
volume has seven-decimal tables J pr rien te Jeeaer . (1) 10000 ; 
of sines and tangents 0 (1') 45°, and the sines an ents also, ; 

A oO. Wm. Leybourn, ‘ Cursus Mathematicus.’ This hook has in- 
ternal evidence of having heen written before 1660. Seven-decimal 
logarithms of numbers 0 (1) 10000 ; six-figure logistic logarithms 0 (1") 
1° and 1°(’) 1°12’; signs, tangents, and secants, &c., 0 (1’) 45°; the 
names cosine and secant not used. : = , 

1697. Ozanam, ‘ Tables des Sinus; &e., Paris. This is a reprint (see 
1685) without trigonometry, and Vlacq is acknowledged. The printing 
is from the edition of the Hague, 1665, which ranks amongst the most 
correct; the correction from that of Amsterdam, 1683, which passes 


‘TABLE. 993 


for the more correct. Two years afterwards, in 1699, the tables only 
were reprinted (Paris), the name of Vlacq was restored to the title- 
page, eur the ‘ Au Lecteur,’ written by Ozanam in 1697, was added at 

e ena, 

1699. John Wing (nephew of Vincent), ‘A compleat Body of Sur- 
yeying, formerly publish’d by Vincent Wing, London.  Fiye-decimal 
logarithms of sines and tangents, 0 (10’) 45°; of numbers, 0 (1) 1000. 

(1704). J. Hfarris], ‘Table of Logarithms, quarto, mentioned in 
Hutton’s sale catalogue. 

1705, (Second edition.) Anonymous, ‘A Table of Logarithms for 
Numbers increasing in their natural order, &.,’ London, Six-decimal 
logarithms of numbers 0(1) 10000. The trigonometrical part has a 
separate title, 1704, ‘A Triangular Canon Logarithmical,’ London. 
Six-decimal logarithms of gings, tangents, and secants ()(1’) 46°, So 
far as appears, this table was got up by J. Seller and C. Price, mathe- 
matical-instrument makers, who seem to have desired to sell their own 
table of logarithms as well as their own quadrants. This table appears 
to be a second edition, so called, of a table precisely resembling it, 
except only in haying seyen decimals, attached to the ‘ Practical Navi- 
gation’ of the same John Seller, who appears as the author. 

(1706). Sherwin, ‘ Mathematical Tables,’ London.’ The first work, 
we relieve, in which the proportional parts are in the same page with 
the logarithms; and the common differences in. the trigonometrical 
logarithms made common. Second edition, 1717; third, revised by 
Gardiner, and the best, 1742 ; fifth and last, 1771, very erroneous—the 
most inaccurate table Hutton ever met with. I 

1710, John Harris, ‘ Lexicon Technicum,’ vol. ii. This yolume econ- 
tains seyen-decimal tables of logarithms ((1)10,000, and a complete 
canon (including versed sines), 0(1’)45°, both natural and logarithmic. 
There is also a table of proportional parts for every integer from 44 to 


4 4320. These tables, except the last, seem to be taken from Sherwin. 


1717. Abraham Sharp, ‘Geometry Improved,’ London. A. large 
table of areas of the segments of circles: but it contains logarithms of 
all numbers to 100, and all primes under 1100, true to sixty decimals; 
63 decimals of logarithms 999990(1)1000000 with differences to the 
tenth ; and 63 decimals of the logarithms 1000001(1)1000010.- Also 
an immense mags of results on the regular solids. z 

(1721). ‘Magnus Canon Logarithmornm .... Typis Sinensibus in 
Aula Pekinensi jussu Imperatoris excusus.’ 
at Pekin, by command of the emperor Kang-Hi, in Chinese type and in 
three folio volumes, Vlacq’s logarithmic tables of sires, &c., to ten 
seconds, and of numbers to 100,000. (Vega, who had seen a copy at 
Vienna.) The Royal Society possesses some Chinese logarithms, and, 
as usual, there were in 1827 some who belieyed that the Chinese had 
Rosseeses logarithms from all eternity, Mr. Babbage (‘ Astron. Soe. 

otices,’ vol. i. p. 9), examined these tables, and found that six slight 
errors which run through most European tables were committed in 

em. Only Vega and the last impressions of Callet were free from 
these errors. It appears that the Chinese, according to their usual 
practice, had taken from the Enropean work republished at Pekin, 
without any allusion to the source. y 

1741. Deparcieux, ‘ Nouveaux Traités de Trigonométrie Rectiligne et 
Sphérique, Paris. Deparcieux is so much better known by his tables 
of annuities, that his other writings* are neglected, The tables are all 
to seven decimals (though the decimal point is not used), There are 
ogarithms of numbers ()(1) 20000; sings, tangents, and secants, &c., 
0(10’) 5 (1') 45°, and logarithms of sines and tangents. ‘This is the 
earliest table we remember to haye seen in which the argument of 
degrees, minutes, apd seconds accompanies the logarithms of numbers. 
The book is also distinguished by its gnomonical tables, and by the 
excellence of its solid diagrams. { 

1742. Dodson, ‘ Antilogarithmie Canon, London. This work was 
unique of its kind until 1849: it contains the number, to eleven figures, 
corresponding to eyery logarithm from ‘00001 to 100000 :. the author + 


* When a person is distinguished by one particular work, his other, and 
particularly his preyious, writings, even on the same subject, #o out of notice. 
How many persons, for instance, know that Luplace published (separately from 
the Mempirs of the Academy) a small work on the elliptic motion and on the 
figures of the planets, in 1784? (See Lalande, Bibl. Astron. ann, 1784.) And 
how many bioxraphical acq.unts of Laplace mention it ? ; 

+ In the Puil. Mag. for 1853 are extracts froni the diary of Reuben Burrow, 
who states that Robertson (the author of the Navigation) told him ‘hat Williant 
Jones (betier known than his son among the mathematicians) wrote Dodsun’s 
preface, because Dodson wrote such a confused style that it had neither head 
nor tail, Thus was not the case, as any one may see: unless inde d Dodson 
got a friend to write all he published. But there is also sometuing like a 
charge of plagiarism on a different matter ; and thére are imputations against 
other persons. We do not object to the production of old diaries; but when 
they contain imputations, it is of importance that their authors should be truly 
painted, Burrow’s biography, extracts from which accompany those from the 
diary, does no more than allude to ‘eccentricities in private life which Srequentiy 
attend genius,” and “habits formed by casualty and the ities of the i 
rather than by design und the prudent band of a master.” The truth is th 
burrow, a yery able mathenutician, was envious and foul-mouthed to an extent 
which it would be an insult to th ds of self-elevated men to pulliate by the 
plea of want of early education. Of this we shall give an instance. Green and 
Wales, two yery worthy as well as able men, were ively the astr 


who accompanied Captain Cook in his voyages: probably Burrow had been a 


competitor for the post. In his copy of any book published’ by either of them, 
Burrow usually wrote some scurrilous aspersion, of which we have seen several 


> 


“an 


In this year was printed 


———EE—— — 
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corrected the faults in most copies with his own hand. Harriot began 
such a table, according to Wallis, and Dr. Pell told Wallis that Warner 
had finished the table, and that it was in the hands of Dr. Busby, 
master of Westminster School. It was never published, and is pro- 
bably lost, All our efforts to trace it, by help of published letters, &c., 
lead to the conclusion that, if existing, it must be among Lord Maccles- 
field's unexamined manuscripts at Shireburn Castle ; this is by no means 
improbable, 

1742. Gardiner, ‘Tables of Logarithms,’ London. Numbers 1— 
100100, sines, &e., 0 (1!) 72’ (10) 45°, all to seven places, with logistic 
logarithms, and logarithms 0(1)1143 and 101000(1) 101139, and 
numbers to logarithms *00001 (00001) -00139, to twenty decimal 
places, Rare, and much esteemed for accuracy : the author * corrected 
the faults with his own hand. Few copies were printed. ihe 

1742. Anonymous, printed by J. F. Gleditschen, ‘ Des vollstiindigen 
Mathematischen Lexici zweyter Theil,’ Leipzig. Here we have squares 
and cubes 0(1) 10,000; seven-decimal logarithms of sines, tangents, 
and secants 0(1’)45°; logarithms of numbers 0 (1) 20000; sines, 
tangents, and secants 0(1’) 45° to seven decimals; factors of odd 
numbers not ending with 5, to 10,000. 

1743. Rivard, ‘ Tables des Sinus, &c.,’ Paris, with the official “‘ appro- 
bation” of Clairaut. Seven-decimal logarithms of sines, tangents, and 
secants 0 (1’) 45°; sines and tangents to five decimals; secants in a 
separate table; logarithms of numbers 0(1)20000: all with character- 
istics and no decimal points. 

1747. James Dodson, ‘The Calculator.... adapted to Science, 


Business, and Pleasure,’ London. A large collection of small tables, 


with sufficient, though not the most convenient, seven-figure loga- 
rithms. Ifa person of varied mathematical pursuits wanted a book, 
say for travelling, he would not easily find one which would answer 
more purposes at a pinch than the one we now speak of, The contents 
are too varied for enumeration. 

1757. In the original articles there was a gap from 1742 to 1770, 
which shows that there was a lull in the publication of pure mathe- 
matical tables. The period was one in which the mathematicians were 
very much absorbed in physical investigation. When this is the case, 
tables of pure mathematics find their way into works of physics and 
astronomy under headings of application. Should any one ever enlarge 
upon our plan, he must search astronomical and other works for such 
tables as the following : Thomas Barker, ‘ Account of comets .... with 
new tables,’ London, 4to., 1757. The tables give, for focal distance 
unity, and for angles of anomaly 0(5') 180°, the distance of a point 
from the focus of a parabola, and the area of the sector on the supposi- 
tion that at 90° the sector is 100°. Halley had given a table of the 
same kind on a much smaller scale: and Euler, in the ‘ Theoria 
Motuum Planetaram,’ in 1744, had given the area of the parabola for 
each degree of anomaly, Professor Schumacher (September 3, 1846), 
wrote to us as follows ; “ Professor Knorre has sent me this (Barker's) 
table, calculated from 0° to 180° of anomaly, from 10" to 10" (like 
Callet’s sines), to see if I can get it printed. It is a work of immense 
labour, executed by Mr. Rupertus in Russia, The booksellers, of 
course, will not undertake it.” We have heard nothing more of this 
table, More tables than we think it desirable to describe here, on the 
ellipse, parabola, and hyperbola, as orbits of a comet, are given in 
‘Methods of computing the Orbit of a Comet or Planet,’ being the 
appendix to the third volume of Bowditch’s translation of the ‘ Mé- 
canique Céleste, Boston (U.S.), 1834, 4to, 

(1760). Lacaille and Lalande first published a small table: Marie 
reprinted it in 1768: there were editions in (1781, 1791, 1799). So 
far Lalande, in his preface of 1805 (see that year) : none of these works 
have come to our hands, 

1770. J. H. Lambert, ‘ Zusiitze zu den Logarithmischen und Trigo- 
nometrischen Tabellen.’ This is a miscellaneous collection of tables 
and formul, containing—Primes, at least divisors of all odd numbers 
which do not divide by 3 or 5, up to 102,000; three-digit terminations 
of odd squares: first ten multiples of all prime numbers up to 313; 
_primes alone up to 102,000; powers of 2 as far as the 70th, and of 
8 and 5 as far as the 50th; hyperbolic logarithms, seven decimals, 
0(1) 100, and 1(-01)10, and 1(1)10 to 25 places; numbers which 
divide by 2, 3, 5, or 7 only, or their powers or products (except those 


instances, But in the ‘Mise. Scient. Cur.’ of which Green and Wales were 
co-editors, he felt that the conjunction of his luminaries d ded a spring- 
tide, and he accordingly wrote the following eccentricity of genius in private 
life on the fiy-leaf of his copy, now before us, and left it to posterity :— 
“* Miscellanea Scientifica Curiosia, or a Balderdash Miscellany of damn’d Stupid, 
Raggamuffin, Methodistical Nonsense and Spuability, By two of the most 
stupid and most dirty of all possible Fools, R » and Scoundrels; vizt., 
Jobn Green, A.M,, late Tub-thumper, now Soul-driver in Hell; and William 
Wales, — brusher at Christ’s Hospital, not only the dirtiest Scoundrel that God 
ever made, but the dirtiest rascal that he possibly could make. Amen.” 
There are other notes in the book about these persons and others as well; but 
this is enough. The reader will excuse the production of such coarseness, in 
sideration of the expediency of fixing the value of extracts made, or to be 
made, from Burrow’s diary. 
* The work had a small list of very influential subscribers, Of about 120 
of p and instituti in the lst, one in three is the name of a 
person now known by name to any smatterer in scientific and literary history. 


wliich divide by 2 or 3 only), up to 10,000; sines of 3° and its multi- 
ples expressed quativabdeals cyclometrical ratio; 27-decimal ares 
0 (1°) 100° (20°) 120° (30°) 360°, and for minutes and seconds; five- 
decimal sines and nine multiples 0 (1°) 90°; seven-decimal sines, tan- 
gents, and secants, and logarithms of sines and tangents 0(1°) 90° ; 
tables for facilitating cubic equations ; sines and cosines of hyperbolic 
trigonometry, the only table of the kind we have met with; squares 
and cubes 0(1)1000; figurate numbers to the 12th order, 30 of each ; 
eight-decimal powers of fractions 0('01)1 to the 11th power; seven- 
decimal square roots 0(1) 100; with smaller matters and many 
braical formule of development. There is said to be another edi 
of this useful miscellany, Lisbon (1798). , 

1770. Reprint of Gardiner at Avignon, by Pezenas, Dumas, and 
Blanchard, with the first four degrees to single seconds, from a manu- 
script which Mouton had bequeathed to the Academy of Sciences. 
The three industrious editors, all of them priests, who found time 
to complete this useful undertaking, modestly withheld their names ; 
but Lalande, who was in communication with them, and who was an 
old pupil of Dumas, has recorded them. There was a reprint of some 
sort at Florence, in (1782), and we have been informed of a third 
Italian edition, so-called, Florence (1810), badly printed, and contain- — 
ing also logarithms of prime numbers up to 6607, to ee 

the same as 


(1772). Gherli’s ‘ Logarithms,’ Modena. Very much 
Hutton’s in their contents. > 

1775. Douwes ‘ Tafellen behelzende de Sinussen....als mede de 
Logarithmen,’ &c., Amsterdam. A complete minute-canon to seven 

“decimal places ; followed by logarithms to seven places; versed sines — 

and logarithms on the same scale to 90 degrees ; logarithms of numbers. 
from 1 to 101000; and traverse tables. 

1778. J.C. Schulze, ‘ Neue und erweiterte Sammlung logarithmis-— 
cher... Tafeln,’ Berlin. Also, ‘ Recueil de tables logarithmiques ,...” 
The titles and preliminary explanations are both in French and German. — 
Two volumes. This isa valuable and original collection It contains 
the usual seven-figure tables 0(1) 101000; a page of multiples of “434 
...and its reciprocal to 48 places, and powers of 2°718...to 28 — 
figures; Wolfram’s * hyperbolic logarithms of all numbers from 1 
to 2200, and ae thence to weet hen all numbers not divisible by — 
any single digit, all to forty-eight decimal places ; common logarithms _ 
to seven decimals of pid and tangents 0 (1") 2° ;. logistic logarithms to 
four decimals 0(1") 1°; a complete canon 0(10") 4° (1’) 45 haere | 
sines, tangents, and secants to seven decimals, common logarithms of 
sines and tangents to seven decimals, Naperian (not hyperbolic) loga- — 

rithms of sines and tangents to eight decimals ; first nine multiples of | 
sines of every degree to five decimals; | of ares 0 (1°) 360° to 
twenty-seven decimals ; ditto 0 (1’) 1° and 0(1") 1’; powers of fractions 
0(-01) 1 as far as the eleventh, to eight decimals; squares and peed 
0 (1) 1000; square and cube roots 0(1)1000 to seven decimals; ) 
mial coefficients 0 (‘01) 1 to six factors; a table for the fall of bcs 
of rational right-angled triangles with the angles, and small tables of 
specific gravities and of weights and measures. Half-a-dozen of 
Wolfram’s logarithms which were accidentally missing in consequence 
of an illness, are supplied in the Berlin Ephemeris for 1783, p. 191. 
logarithms of sines and tangents are an abbreviation of 


The Naperian | 
Ursinus, (see 1624). 

(1783). Vega -‘ Logarithmische Trigonometrische und andere . . 
Tafeln und Formeln,’ Vienna. This was Vega’s first work, and we 
have never met with it. (Octavo.) 

1783. Callet, ‘Tables Portatives de Logarithmes, publiées 2X 
Londres par Gardiner,’ &c., Paris. The first edition of et, as it is 
called, was really made from Gardiner’s tables “ augmentées et perfec- _ 
tionnées dans leur disposition par M. Callet.” Callet added as much 
of each kind of table as would leave no white in his last pase, and, 
from Mouton, completed the single-second table of sines an ge i 
up to 2°, Here also first occurs the broken line at the change of the 
third figure. On this edition Hutton, commonly said to have much — 
prejudice against French men and things, says “it is but justice to — 
remark the extraordinary spirit and elegance with which the learned | 
men and the artisans of French nation undertake and execute — 
works of merit :” and the compliment is well deserved by the beauty 
of the type and the general accuracy of the work. The contents are — 
seven figure logarithms of members 0 (1) 102960, of sines 0 (1") 2°, 
of sines and tangents 0 (10") 45°; logistic logarithms; logarithms to 
twenty decimals 0 (1) 1000 and for primes up to 1161; also for 101000 
(1) 101179 with three orders of differences; 20 figures of numbers 
to logarithms *00001 (:00001) ‘00179 with the same differences; 
hyperbolic logarithms to seven decimals 1 (:01) 10°59. : 

1795 (new tirage, 1821, with many errors corrected),  Callet, 


* This table was the work of Lieut, Wolfram, of the Dutch artillery, and 
took six years of hard labour, It is one of the most striking additions to the 
Sunda. ta of the which has been made in modern times. Delambre 
(‘ Hist. Astr, Mod.,’ y. i., p. 501, &e,) introduces his comparisons of Napier 
and Wolfram so abruptly, and so many pages elapse before the reader can find 
out who the latter was, that most probably many have inferred that the two — 
were contemporaries, But this is Delambre’s way, and is often liable to confuse 
a reader who has no warning on the subject, With a work before him from — 
which he is drawing his materials, he perhaps never mentions it till the end 


Few subscription lists would give such a result after a century of exist 
The work thus recommended makes an epoch in the history of tables, 


of his r ‘ks, or perhaps casually in the middle, though until such mention is 
made, all he says is very liable to be misunderstood, 1 
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“Tables Portatives, &c., Paris. Two volumes. This second edition, 
by Firmin Didot, is one of the most correct and convenient 
as well as extensive works in existence : many persons prefer it to any 
other. Jt contains the usual seven-figure logarithms from 1 to 108000 
—common and hyperbolic logarithms, each to 20 decimals, up to 
1200—logarithms, common and hyperbolic, to 18 decimals, with first, 
second, and third differences, from 101000 to 101179—numbers to 
logarithms, common and hyperbolic (to 20 figures), from ‘00001 to 
00179, with the same differences; common logarithms* to 61 
decimals, and hyperbolic to 48, to all numbers from 1 to 100 and all 
primes to 1097 ; the same for numbers from 999980 to 1000021—mul- 
tiples of 2°30258... and -43429.... to 100 times—ares to 25 
decimals, for both sexagesimal and centesimal division—seven-figure 
ithmic sines, &c. for each minute of the centesimal division—sines 
(15 decimals) and their logarithms (the remaining places up to 14, the 
first seven being in the last table) for centesimal degrees and tenths 
a i parts—sexagesimal seven-figure logarithms of sines and 
tangents 0 (1") 5°(10”) 45°—logistic logarithms. Those tables are 
tolerably, but, we believe, not extremely, correct in all parts, except in 
the latest tirage. The tirage of 1827, on yellow paper, was taken to 
accompany Mr. Babbage’s logarithms. 

1784, M. Robert, curate of St. Genevitve & Toul, sent Lalande 
toe Meth.’ Tables,} a manuscript volume containing sines to every 

, to how many places he does not say ; shortly afterwards he sent 
the tangents, Lalande gives a hint that the approaching publication of 

s logarithms prevented any steps being taken to print these. He 
also states that there was in the library of the Academy of Sciences a 
manuscript of Mouton, giving the logarithmic sines and tangents of 
0 (1”) 4° to eleven si we suppose he means to ten places of deci- 
mals (see 1770). M. Robert's manuscript came into Delambre’s posses- 
sion, and was bought at the sale of his books by Mr. Babbage, in whose 
possession it now is. It is in two large folio volumes, the figures (to 
seven decimals) being written in printed skeleton columns. Some cor- 
rections of Callet, discovered by means of this manuscript, were printed 
in one of the nautical almanacs. 

1785. Hutton, ‘Mathematical Tables,’ London. Many editions, 
the second in 1794; one in 1849. A very correct set, with sines, 
tangents, &c., and versed sines, complete, both natural and logarithmic. 
For those who want seven places, and can have but one book, there is 
none better. The additional matters, especially the historical introduc- 
tion, are well-known. . 

1789. William Garrard ‘Copious Trigonometrical Tables.’ This is 
one of the largest of what are called in navigation traverse tables. For 
every integer 4 yee from 1 to 300 are given, to two decimals, 
the value of the and altitude, for every angle 0 (10’) 90°. 

1792. Michael Taylor, ‘Tables of Logarithms,’ London. In the 
trigonometrical the sines and tangents are to every second. The 
errata of this work have been published in various nautical almanacs. 
This widely used work, the first to which 0’(1") 90° applies, was 
by a most industrious computer, attached to the staff of the ‘ Nautical 
Almanac.’ He died just before the last half sheet was printed; and 
Dr, Maskelyne aayelled the introductory matter. This book, like 
others published by the Admiralty, was not sufficiently advertised. It 
sold as a second-hand book, neither sellers nor buyers knowing that 


Mr. Murray had plenty on hand. For ought we know, the same thing | 


still go on. 

791-1807. Maseres, ‘Scriptores Logarithmici,’ London. The first 
volume contains a reprint of Kepler's Logarithms, the sixth and last 
of Napier’s work of 1614, and John Sperdell’s logarithms of 
numbers. 

1794 or 1795. (an III., a Port-Malo, chez L. H. Hovius, fils) 
des ithmes des nombres, depuis 1 jus qu’h 10700... . dresseés 
4 Y'usage de la navigation.... Six figure logarithms of the common 
wpe, in all respects but one, and that one curious and perhaps unique. 

rectangle which corners with the upper right of the page, has an 
extent of 30’ with the usual semi-quadrantal arrangement of trigono- 
metrical logarithms. In the remaining gnomon comes a part of the 
table of logarithms of numbers. At ninety of these to a page, the 
logarithms of numbers come so near in the book to the corresponding 

in the sines and tangents, up to 45°, that a person who wants 
natural sine or tangent has ie | little turning of pages to do. . But 
this is no help to the second half of the sines, or the first half of the 
cosines. When the half-quadrant is finished, the remaining logarithms 
of numbers ran on in the usual way. Had eet on cp se pe. 
quadrantal arrangement, and checked the of his logarithms o 
numbers a little, by additional lead or otherwise, as he went on, he 
might have made something which would possibly have been judged 
worthy of imitation, in tables specially intended for astronomers and 
other a . 

1795, The Abbé Borne, a Frenchman, gave a table of logarithms of 
numbers of a peculiar kind at the end of his ‘Principie ragionati de 
Aritmetica,’ Pesaro, 8vo, All numbers which end with 1, 3,7, 9, are 
found by double entry ; thus 6973 is in column headed 69, and row 
fronted 73. If this were a prime number, seven decimals of logarithm 
would have been entered : as it is, the lowest divisor, 19, is entered. 
Thus, in 20 pages there is a potential table 0 (1) 10,000. But the 


* The last 51 places are given, the first ten being accessible in a former table, 
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Abbé did not see that the same space would have contained the loga- 
rithms of all odd numbers not ending with 5: and these, with the 
logarithms of 2 and 5 printed at the head of every ‘page, would have 
done better service than the factors. Authors often forget that they 
do not save either space or cost of printing by what appear abbrevia- 
tions or omissions in the manuscript: the saving is but so much of 
what the printer calls white, which is done by types; and white is 
black, both in the room it takes and in the printer's bill. 

1794. George Vega, ‘Thesaurus Logarithmorum completus,’ 
Leipzig, folio. Vega’s edition of Vlacq. See Vlacq of 1628 and 1633. 
A very correct work: a ducat was offered for every error detected. 
There is also a German title-page, and the explanations are both in 
German and Latin. This is, no doubt, up to this time, the table 
of logarithms; the one of all others to which ultimate reference 
should be made in questions of accuracy. Its contents are,—a ten- 
decimal table of common logarithms 1 (1) 101000 distributed in the 
common manner, a decad in each line of the double page, with the 
differences arranged in the same way, and tables of proportional parts 
for the first three figures of the differences. Logarithmic sines and 
tangents to 10 decimals, 0 (1") 2° (10”) 45°. Sines 0 (1”) 12’ to ten 
decimals. Lengths of ares to 11 decimals. Wolfram’s hyperbolic loga- 
rithms (see 1778) above described, reprinted from Schulze. 

1794. J. J. Girtanner, ‘ Logarithmische Tafeln zur Abkurzung 
kaufmannischer Rechnungen,’ commercial logarithms. The plan is to 
have logarithmic tables for integers and different sorts of fractions, 
among which eighths, tenths, sixteenths, and sixtieths are conspicuous. 
But it will not do: Mohammed must go to the mountain, When 
coinage, weights, and measures, are decimalised, the use of logarithms 
will follow as a matter of course. It is useless trying to bring loga- 
rithms to ordinary fractions. 

1797 (2 vols. 2nd ed., or rather second work) and 1812. Vega, 
‘ Tabule Logarithmico-Trigonometricx,’ Leipsic. Titles and introduc- 
tion both in German and Latin. The usual logarithms of numbers, 
0 (1) 101000; logarithms of sines 0 (01) 1’, and  (1”) 1° 30’, and the 
full canon 0 (10") 6° 3’ (1’) 45°—divisors and primes already noticed— 
eight-figure hyperbolic logarithms from 1 to 1000, and for all primes 
up to 10,000—powers of 2°71828, and their common logarithms (from 
exponent ‘01 to 10°00). First ten powers of numbers up to 50; 
squares and cubes of numbers up to those of 1000, &c.,—logistic 
logarithms, binomial co-efficients, and astronomical tables various. 
There are various smaller editions from Vega, as at Leipsic (1820), and 
(1826). * 

1799. J. P. Hobert and L, Ideler,‘ Nouvelles Tables Trigonomé- 
triques calculées pour la Division décimale du Quart de Cercle, Berlin. 
Delambre speaks highly of this table; but he is wrong in saying it 
subdivides the quadrant as minutely as those which himself and Borda 
published. Meaning by 1° the hundredth of the right angle, and 1’ 
being 0°-01, and so on, Hobert and Ideler’s division of the quadrant is 
0 (lu’) 3° (1’) 50°; but Delambre and Borda’s are as below. The 
Berlin table gives sines and tangents and their logarithms, through the 
quadrant; the Paris table gives logarithms only. The former has no 
logarithms of numbers except 0 (1) 1100 and 999980 (1) 1000021, all 
to 36 decimals. s 

1800 or 1801. (An. IX.) Delambre and Borda, ‘Tables Trigonomé- 
triques Décimales, Paris, These tables were corrected from the grand 
‘Tables du Cadastre,’ still unpublished.* [Prony, in Broce. Drv.] 
They contain, the common logarithms of numbers to seven decimals, 
11-decimal logarithms of numbers from 1 to 1000, and from 100,000 
to 102,000°; 11-decimal logarithmic sines, cosines, tangents, and co- 
tangents 0 (10” centesimal) 10’ and 0 (10') 100; 11-figure hyperbolic 
logarithms from 1 to 1000 ; 7-decimal logarithms of sines and tangents 
0 (1”) 8° (10”) 40° (1’) 50° centesimal. 

1802. J. R. Teschemacher. ‘ Tables calculated for the Arbitration of 
Exchanges, both Simple and Compound,’ London. This is a book of 
commercial logarithms, though the author wisely avoided frightening 
the merchant by mentioning the word in any part of his book. There 
is one table of logarithms for the exchange between London and each 
other place: the tables average about a page each. With this limited 
range, the logarithms are really effectively applied to commercial 
purposes, and operations are very much simplified. Thereis no need of 
a separate book of logarithms: all that the reader knows or needs to 
know is-that certain nameless figures are to be used in a certain easy 
way. Weare fully of opinion that such a work might be very useful. 

1804. De la Caille, De la Lande and Marie, ‘ Tables de Logarithmes,’ 
Paris. Six decimal places, which probably the preceding ones had, 
(see 1760). The trigonometrical tables 0(1’) 45° as usual, with 
differences for 1"; the numbers 0(1) 21600. La Lande has forgotten 
to mention this edition ; or perhaps it was not published when he was 
preparing the work next mentioned. ; 

1805. De la Lande, ‘Tables de Logarithmes, Paris. Stereotyped. 
See 1760, 1831. 

1806. Thomas Whiting. ‘Portable Mathematical Tables,’ London. 
Six-figure logarithms. This book is a striking proof that in the old 
figure, the reduction of the thickness of the type very much increases 
the legibility. This is a very easy book to read, and would exactly 
suit those who want a large type in a small book. 

* There was once a commencement of the printing, and we have seen some 
of the proofs, 
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1808. Ebert, ‘Adriani Ylacq Tabule Sinuum,’ &c. Leipzig. The 
contents are as before described Neaag This is a new (and appa 
rently the last) edition of Ebert’s, whose pref dated 1790. 
Besides the contents above described there are logarithmic sines and 
tangents for each second of the first degree, and squares and cubes of 
all integers up to 1000. 

1809. George Douglas. ‘Mathematical Tables,’ Edinburgh, A 
long preface ; followed by seven-decimal logarithms from 1 to 10,000, 
ten in aline,in the usual way. Two supplemental tables, with the 
same from 10,000 to 11,000, and from 100,000 to 101,000. A eom- 
plete logarithmic canon for minutes, to seyen decimals. A corre- 
sponding canon of na‘ sines, &c. Natural and logarithmic yersed 
sines, the former to 90°, the latter continued to 180°. A table to 
conyert imals into decimals ; and logarithms from 1 to 180, to 
15 decimals. A different arrangement from the usual ope in several 

No differences in any part of the tables. 

(1812). In Zach’s ‘ Monathliche Correspondenz,’ yol. xxvi., page 498, 
Gauss pro’ his logarithms for the finding of log (¢ +4) from log a 
and log 6 [Locarnimams, Gavss’s], with a specimen. He stated that 
he had been in the habit of using five-figure tables of his own con- 
struction. Gauss has given a short review of Pasquich’s tables 
(mentioned below, 1817) in the ‘ Gittingen gelehrte Anzeigen, 1817, 
No. 158. 

(1814). [Printed by] Firmin Didot, Paris, Six-decimal logarithms 
beautifully printed : numbers 0(1) 21750; sines and tangents 0 (1') 45°; 
x+sin x and tan z+ to 3°; sines, cosines, tangents, cotangents, 
0 (0°-00001) 0°-03000 (0°-0001) 0°-5000. 

1814. Barlow's Tables, London, Here are found eight-figure hyper- 
bolic logarithms up to that of 10,000, calculated from the primes in 
Vega. They had been previously printed in Rees’s Cyclopedia. 

The factors, primes, &c. in this work haye been already mentioned, 
and it also contains a table for the irreducible case of cubic equations, 
binomial coefficients, algebraic formule, specific gravities, &e. The 
reprint of 1840 contains only the squares, cubes, square and cube roots 
and reciprocals; but for these things it is the most accurate which 
exists. 

1817. Thomas Preston, ‘A new system of Commercial Arithmetic.’ 
Sets of five-figure logarithms. In the first, the number jis: also repre- 
sented as a number of pence, and turned into pounds, &. Thus, 9701 
has 40/ Se. id. on the other side of its logarithm: this is carried as 
far as 130/. A similar table for avoirdupois pounds, as far as 5 tons. 
A table from 1 to 330, proceeding by twelfths: from 1 to 812, by 
sixteenths: and other tables of the same kind. This is one of the 
largest attempts of the kind. 


1817. J. Pasquich, ‘Tabule Logarithmico-Trigonometriee con- 
tracte, Leipzig. Title and explanations in both Latin and German. 
Five-deci logarithms of numbers 0(1) 10,000; logarithms of sines 


and tangents 0(10") 56 (20") 1°; five-decimal logarithms of sines and 
tangents, with a table of the sguares of sines and tangents 0 (1') 45°; 
Gauss's Logarithms. [Locarrryms, Gauss’s.] The range of 4 is as 
follows, 0 (001) 2 (01) 3°40 (1) 5. This trigonometrical canon of 
squares is, we suppose, almost unique. 

1817. [E. A. Matthiessen], ‘Tabula ad expeditiorem Caleulum 
Logarithmi Summe vel Differentie duarum Quantitatum,’ Altona. Itis 
to seven decimals, and a proceeds as follows: 0 (0001) 2 (-001) 3 (701) 4 
(1)5(1)7. But haying only four figures of argument, the seven 
figures of tabular result are very troublesome to deal with, and the 
arrangement is not commodious. Gauss, in a letter to Schumacher, 
(September, 1846) writes as follows; (translated) “The English 
edition (referring to Mr. Peter Gray's work of 1849, then in progress) 
will no doubt correct the deficiencies which make Matthiessen’s elition 
nearly useless. My tables are intended to make computation which 
can be made without their help, more commodious by their help, You 
must not haye trouble to find what is to come out of the table, but 
you must find it in the most easy manner possible. This is not the 
case with Matthiessen’s table, as I have shown in No. 474 of the 
* Astron. Nachr.” There is another excess to be avoided; Matthiessen 
had not done enough. There is a parsimony of number.” 

(1818). Gruson’s ‘ Logarithms,’ Berlin. Contains also squares, cubes, 
square roots, and eube roots up to 1000. 

1821. Nordmann, ‘ Adriani Ylacq Tabule, &c. The explanations 
are piven in Latin and German, To the contents of Bhert’s eflition (see 
1805) are added square and cube roots to seven decimals for all integers 
up to 1000, the sines and tangents of the first degree being omitted. 
The form of the canon is modernised, and miade completely semi- 
quadrantal. This is called the twentieth edition, which very likely it 
is; but it was the editor's duty to have stated what the other nine- 
teen editions were, 

(1821), Westphal’s tables, Leipzig, contain Gauss's tables, to five 
decimals, with proportional parts. (Schumacher) 

1823. E. A. Matthiessen, ‘ Gemeine Logirithmen,’ &e., Altona, 
Stereotyped. This table has five-figure logarithms from 1 to 10,000, 
with a supplemental table of proportional parts, arranged on the two 
sides of a folding sheet, on canyags, 

1827. Babbage, ‘Tables of Logarithms, London. 
Seven-figure logarithms of numbers only, now exceedingly correct, 
Printed on various coloured papers; Callet’s stereotyped sines were at 
first printed on yellow paper in France to accompany them; but 


Stereotyped, 
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TABLE, ~ "1906 
tlie Brench paper was of so bad a colour, that we believe the > 
ment was not contin The trace of 1831 8 fale a second pi ai 
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and copies on tinted er are met I pavince are 
conclusions as to the oonedieicnd of legibly the results of tial whe 
are well worthy the attention of those abo have tables to print, Mr. 
Babbage was, so far as we remember, first who distinguished an 
augmented last figure from an unaygmented one; writing the con- 
traction of -12346 for instance, as ‘1235. This example is now 
frequently followed. It secures an extreme nicety in certain rarely 
cecurring cases: but we never found any | balance to the 
inconvenience of a new symbol, except when the augmented figure is 6. q 
We should recommend that an augmented 5 (Babbage’s 5) should be — 
printed vy or V: all the adyantage of an excellent but over- 
suggestion would thus be received. . 
(1827). Salomon, ‘Tables de Logarithmes, Vienna, A large oat 
Toots Ue 


lection ; contains also squares, cubes, square roots, cube 
those of 1000; and divisors up to 102,011. . 
1827, Hantschl’s Tables, Vienna. Ten-figure logarithms of pri 
up to 15,391; squares, cubes, square and cube roots, up to those of — 
1200; factors up to 18,277; and others. - paar f 
1827. G. F. Ursinus, ‘ Logarithmi, &e., Copenhagen. A complete 
six- table ; rather comnjon in England. ; ae 
1828. Encke’s four-figure Tables of 1 pgieies) &e., Berlin, pontale 
Gauss's tables. See ‘1845, Warnstorff’ &c. below. ‘Ss 
Logarithmen von vier Decimal-Stellen Berlin, 12mo. Four-t 
logarithms, 0 (1) 1000, 0(10') 45°, without any name, letter- ress, OF 
date. a S| 


ag 
* 


~ 1829. y, ‘Nouvelles Tables Astronomiques, Paris. An im 
tion of Mickel Taylor's, logarithms of sines and tangents 


second, ‘The logarithms of numbers are 0 (1) 21600, All 6 sev 

decimals, © 
1830. Hassler, eg adic Ro. Tables,’ in a p 
York. Seven-figure logarithms throughout; to half 
; tg es sabloe of ditee &. The 


dislike this m 


t form, New 
minute itervale 


Li student 
Lalande : it is useless for o oses. If the English re 
the tirage of 1531 (presently noted) 


2 ag correct, and r 
yet: been found, it is much the better by type and paper. 
1832. J. P. Gruson, Bed ueme Doghetthinisalie , ac 
A school-book, Seven-decitual logarithms 0 (1) 10,000; squ 
cubes, square and cube roots 0 (1) 100 ; ares of the circle; a 
tangents and their logarithms 0 (1‘) 5° (10°) 45°. he 
1882. H. G. Kohler, ‘Tables de Logarithmes, &. An edition of — 
Lalande which gives Gauss’s logarithms. F i, 


No date, (stereotyped,) Moritz yon Prasse, ‘ Logarithmische Tafeln, 
edited by Mollweide, ‘an then Jahn, ee ive-de 
(1) # 


e; sin 


logarithms of numbers 0 (1) 10,000; of sines and tangents 
together in a new way, 80 as to separate the ootimade figures, 
logarithms of numbers, and to get five degrees into a double p 
sacrificing the ditterences ; Gauss’s Tables, a having 0(° q 
8-40 (1) 5; and a modification of Ganss's table, in which log z 


argument, and log (=) the tabular result, x going through 
(001) 4 (01) 3°6(:1) 5°, An edition of Von Prasse was published by 
Halma, at Paris, in 1814; and the Jast-mentioned table was publis! 
separately by Wiedenbach, Copenhagen, (1829). i The 
1884. Robert Wallace, ‘Mathematical Calculator,’ Glasgow. ix 
figure logarithms, with other tables. The trigonometrical Rb 
arranged by double entry for tens and units of minutes, = 
1836. Anonymous (Simpkin, Marshall, and Go.), £ 


Tables.’ A yery neat reprint of Hassler without the (to us) obj 
tionable breaking of the lines in the logarithms of numbers, = 
1888, G. B. Airy, ‘ Appendix to the Greenwich Observations, 1887, 
London, <A table of sines and cosines, with the arguments given ia — 
time, 0 (10*) 244 and the signs marked. ‘T) is a separate table both 
of sines and of cosines, each of which is therefore a nation of 
the other. And each again is the table from 0 to 6h Ben te, 


transformation, four times; so that the pair of tablés is an eight-fold 
repetition of one table. It is to five decimals, without differences. 
1839. Anonymous (Taylor and Walton, under Useful Know 
Society ; suggested by Mr. De Morgan; examined by Mr. Farle 
Kiaeren A reprint of Lalande (tirage of 1881) a few 
tions, closely compared with other tables. No error was found in — 
Lalande, and none has hitherto (1861) been found in this reprint, 
‘The old numeral type was first completely restored in this work. aa 
Aiter the first tirage, the following addition was made :—One page, 


= 


a ete aioe’ 


at i NE RY 
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1005 TABLE. 


TABLE. 1008 


for plé, begins and ends with the numbets 5220 and 5310, and 
with the 71767 and -72509. According, at the corner of 
the page, so a& to catéh the eye on openiig the book, is 


5220 | ‘71767 
5310 - *72509 


| 
fara af Sia 
in full. This plan ought to be adopted in all tables, instead of the 
abbreviations which are frequently employed as headings, unless the 
plan be adopted which is recommended at the beginning of this 
article. ; 


1840. Anonymous (Taylor and Walton), Four-figure logarithms on a 
card. Stereotyped. Reprint of a table originally privately circulated 
oe practical astronomers. (See ‘Companion to the Almanac’ for 
1841.) 

1842. Sines and tangents to match: Stereotyped. 

1840. Farley, ‘Six-figure Logarithms,’ London. Stereotyped. An 
excellent table for those who want six figures) The type as in the 
reprint of Lalande (1839). The whole was suggested by the late Mr. 


loway. 

1840. (Second edition.) Moritz Riihlmiann, ‘ Logarithmisch-Trigono- 
metrische ... Tafeln,’ Dresden and Leipzig. Six-decimal logarithms 
of numbers 0 (1) 10080; logarithmic sines and tangents 0 (1’) 45°; sines 
and tangenta 0 (10’) 45°; ares and circles. 

(1840.) Hiilse’s edition of Vega. Leipzig, stereotyped. This contains 
Ganss’s tables to five decimals with proportional , in six columns; 
the additional three (which contain a peculiar mode of treating the 
new parts) having been also suggested by Gauss. A more 

tirage of this éxcellent work, 1846, contains seven-decimal loga- 
rithms of numbers 0 (1) 108000 ; logarithmic sines and taiigents 0 (0’"1) 
1’ (1) 1° 82’ and 0 (10") 6° (1’) 45°; angles to eleven decimals ; five- 
decimal Gauss’s tables, A being 0 (001) 2 (01) 3-4 (1) 5; with the pro- 
} parts above alluded to. 

1841. , Woolhouse, and Hann, ‘ Tables for Natitical Men.’ 
Contains five-figure logarithms, on: Apt the only instance we 
know in which five-figure logarithms have proportional parts. There 
ate many astronomical tables. 

1841. Riddle, ‘ Tables; &. The six-figure logarithms from Mr. 
Riddle’s well-known work on navigation. Steredtyped. 

Of the misuse of tables, no instatice is more comiion than that which 
consists in taking tables of too many places of figures. Four are very 
often enough, more than five are rarely wanted ; but when this hap- 
pens, tables of seven figures are more converiiently used than those of 
six, owing to the saving of calculation which is made by the presence 
of proportional _ In purely trigonometrical calculations, the 
advantage of six figures over five sometimes makes itself apparent. It 
own , when five figures are s to be insufficient, 
to have recours’ to seven at once, which we are satisfied is a saving 
both of titne and thought. For navigation; however, practical opinion 
seema to set in favour of six figures. 

5. Warnstorff’s edition of Schumacler’s ‘ Sammlung von Hiilfs- 
tafeln’ (first published in 1822), Altona, This is a well-known and 
valuable astronomical collection. What we hayé here to do with is 
the blication of Encke’s four-figure logarithins, 0 (1) 1000, and 
0 (4) 10° (107) 45°, and Gause’s logarithtns 0 (01) 1-80 (1) 4, 

1846. R. Sheepshanks, ‘Tables for facilitatitig Astronomical Reduc- 
tions, London (also issued two years before, without title, preface, or 
author's name). This is the most complete four-figure table we know 
of, and will do for the purpose oftener than our orthodox septenarians 
are aware of. Ligarithms 0(1) 1000, with proportional parts, in de- 
cada; logarithins of sines and cosines, the anyle being in time, 0 (1) 24°, 
with onal parts for 10*, and 0(10*) 1; table for converting 
sidereal into miean solar time ; logarithmic sines, tangents, and secants 
0 (1’) 6° (10) 45°; constants for precession; tangents -and secants 
0 (10’) 80° (1’) 86° (1°) 90°; with a rule for the rest; Bessel’s reftac- 
tions; Gauas’s tables, thus atranged, log @ a8 ah agunient gives log 


1 
1+ ) as a tabular result, and log (1 _ 3) as another, log 2 being 


6 (-001) 909 (01) 2(° )4 in the first table, and 0 (001) 1 (01) 3 (-1) 4 
in the second ; log. sin? 4 hour angle, in time 1"(1™) 9"; numbers to 
logarithms 0 (-001) 1. : 

1846. G. F. Vega, ‘ Logarithmisch-Trigonometrisches Handbuch.’ 
Leipsic ; edited by J. A. Hiilsse ; 0 (1) 108000, logarithmic sines and 
tangents 0 (0".1) 1’ and'0(1") 132, the whole canon 0 (10") 6° (1’) 45°, 
all to seven decimals. Gauss’s table to five decimals: for a, 0 (001) 
2 (01) 3°4(1) 5, with rtional parts. 

Te ee titles of tables which we might have said something on 
if we had seen them, collected from different sources, are those of 
—John Lauremberg,; , 1628, Syd. ; Institutio Mathematica, 
London, 166%, 12mo.; Strauchius, Witteberg, 1662, 12rio., and 
Amsterdam, 1700, 8vo.; D. R. Van Merop, Harlingen, 1671 ; Chr. 
Griine’ . Tabule Mathem., Berlin and Frankfort, 1690 (oblong 
form) oe, Gtinebes, ,Pandora Mathem., Berlin and Frankfort, 
1700, 8vo.; Chr. Wolff, Magdeburg, 1711, 8vo.; J. G. Leibknecht, 
Giesa, 1726, Svo. ; h. Levi, Hanover, 1747, 4to., and supplement 
in 1748; J. C. Nelkenbrechers, Leipzig, 1752, 4to.; J. Melitad da Mata, 


= 
ge 


Lisbon, 1790, 8yo. We have a table of which the title is torn out, but 


at the back is ‘ Colonize, 1649.’ We suppose it to be the table which 
we have seen ascribed to Lubert Middendorff, Cologne, 1648. It is 
of seven decimals, 0 (1) 10000 and 0(1’) 45°: and to the logarithms 
of sines, cosines, and tangents aré added the tangents themselves, to 
three decimals, 

1849. Lieut.-Col. Robert Shortrede’s ‘ Logarithmic Tables,’ Edin- 
burgh, large 8vo. The whole of these tables were constructed and 
stereotyped by the labour and at the expense of Colonel (then Captain) 
Shortrede, of the Bombay army, attached to the trigonometrical survey 
of India. They first appeared in 1844; but, some defects and errors 
having been found, the edition of 1844 was cancelled, and a new 
edition, from corrected plates, issued in 1849. The whole is to seven 
decitiials, and contains: logarithms of numbers 0 (1) 120,000, with 
differences and their nine multiples; numbers to logarithms -00000 
(00001) *99999, with the same ; trigonometrical tables to every second, 
with arguments and signs for the four quadrants, both in space and 
time, and proportional parts. There are also some minor tables. The 
type is 4 small even figure, without head or tail, good of its kind, and 
the same throtighout the conimon and the trigonometrical logarithms. 
This is, so far as we know, the only set of tables to every second 
undertaken at the expense of an individual, and it shows extraordinary 
energy and public spirit. 

1849. P. Gray, ‘ Tables and Formule for Life Contingencies,’ London. 
The tables are Gauss’s tables, giving log (1 + x) where log x is 0 (‘0001)2; 
and log (I—z) where log « is 3(:001)1. The proportional parts are 
to hundredths. " 

1849. H. E. Filipowski, ‘ A Table of Antilogarithms, London. Five 
figures of logarithms to seven of number; proportional parts carried to 
hundredths. Also, Gauss’s tables, on a new mode of arrangement. 

1850. Hershell E. Filipowski. A table of five-figure logarithms 
0 (1) 10000, all on one side of a sheet. The object is effected by help 
of common figtires at the tops of coltimns; but before we cuuld use 
the table rapidly, there must be horizontal ruling, and vertical painting 
of the columns, with regions of different tint to distinguish the loga- 
rithms of different second figures. This being’done, a person of sharp 
sight might really have the whole within his grasp without turning a 
leaf. A common table, with indented margin, as described at the 
beginning, would find the logarithms far more rapidly. The necessity 
of dispensing with printed differences is alone almost fatal to the 
attempt at giving five-figure logarithms on one sheet. 

1850. Zacharias Dase, ‘Tafel der natiirlichen logarithmen,’ Vienna, 
Hyperbolic logarithms to seven decimals 0 (1) 105000, arranged, with 

roportional parts, in the common way. Mr. Dase is a mental caleu- 
tor, and, having seen his performances, we think he has more natural 
power than any of those who have distinguished themselves in this 


way. 

1353, William Shanks, ‘ Contributions to Mathematics, comprising 
chiefly the rectification of the Circle to 607 places of tables,’ London, 
1853. [QUADRATURE OF THE CrRcLE.] Here is a table, because it 
tabulates the results of the subordinate steps of this enormous ¢calcula- 
tion as far as 527 decitnals; the remainder being added as results only 
duting the printing. For instance, one stép is the calculation of the 
reciprocal of 601. 5°; and the result is given. The number of pages 
réquired to desctibe these results is 87. Mr. Shanks has also thrown 
off, as chips or splinters, the values of the base of Napier’s logarithms, 
and of its logarithms of 2, 3, 5, 10, to 137 decimals; and the value 
of the mca +4342 .... to 136 decimals; with the 13th, 25th, 
37th,.... up to the 721st powers of 2. These tremendous stretches of 
calculation—at least we 80 call them in our day—are useful in several 
respects: they prove more than the capacity of this or that computer 
for labour and avcuracy ; they show that there is in the community an 
increase of skill and courage. We say in the community: we fully 
believe that the unequalled turnip which every now and then appears 
in the newspapers, is a sufficient Bee yee that the average turnip 
is growing bigger, and the whole crop heavier. All who know the 
history of the quadrature are aware that the several increases of num- 
bers of decitnals to which + has been carried, have been indications of 
a general increase in the power to calculate, and in courage to face the 
labour. : 

Here is a comparison of two different times. In the day of Cocker, 
the pupil was directed to perform a common subtraction with a voice- 
accompaniment of this kind ; ‘ 7 from 4 I cannot, but add 10, 7 from 
14 remains 7; set down 7 and carry 1; 8 and 1 which I carry is.9, 9 
from 2 I cannot, &c.” We have before us the announcement of the 
following table, undated, as open to inspection at the Crystal Palace, 
Sydenham, in two diagrams of 7 ft. 2 in, by 6 ft. Gin. “ The figure 9 
involved into the 912th power, and antecedent powers or involutions, 
containing upwards of 73,000 figures. Also, the proofs of the above, 
containing upwards of 146,000 figures. By Samuel Fancourt, of Min- 
cing Lane, London, and completed by him in the year 1837, at the 
age of sixteen. N.B. The whole operation performed hy simple arith- 
metic.” The young operator calculated by successive squaring the 
2nd, 4th, 8th, &e., powers up to the 512th, with proof by division. 
|. But 511 multiplications by 9, in the short (or 10—1) way, would have 

been inuch easier, The 2nd, 32nd, 64th, 128th, 256th, and 512th 
powers are given at the back of the announcement. 

The powers of 2 have been calculated for many purposes. In vol. ii, 
of his ‘Magia Universalis Nature et Artis,’ Herbipoli, 1658, 4to, the 
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Jesuit Gaspar Schott having discovered, on some grounds of theological 
magic, that the degrees of grace of the Virgin were in number 
the 256th power of 2, calculated that number. ether or no his 
number correctly represented the result he announced, he certainly 
calculated it rightly, as we find by comparison with Mr. Shanks. 

1853. A. Wylie, ‘Compendium of Arithmetic,’ Shang-hae. A 
treatise in Chinese, having at the end a table of six-decimal logarithms 
of numbers 0 (1) 10,000. : - 

1856. J. R. Hind. Natural versed sines.... used in computing 
lunar distances for the ‘ Nautical Almanac.’ This table gives natural 
and logarithmic versed sines to seven decimals: natural, 0 (10) 125°, 
with the proportional parts for each second ; logarithmic, 0* (1*) 9%, 
with the values of the angles in space annexed. This table, though 
bearing in its title only a limited notion of application, will be ex- 
ceedingly valuable, especially to those who want sines, cosines, and 
their squares, 

1857, George and Edward Scheutz, ‘ Specimens of tables calculated, 
stereomoulded, and printed by machinery,’ London. The first pro- 
duction of the machine which two Swedes, father and son, constructed 
on Mr. Babbage’s principles, as su by Dr, Lardner’s article in 
the ‘ Edinburgh Review’ (1834), with their own details ; five-figure 
logarithms 0 (1) 10000; with some specimens of other tables. This 
work was reproduced at Paris, with a French preface, in 1858. In 
1859, was published ‘Mountain Barometer Tables, calculated by the 
same machine. 

1859. Edward Sang, ‘ Five-place logarithms,’ 0 (1) 10000. 


1860. Ludwig Schrén, ‘ Schrén’s Logarithms,’ Tafel I., I1., III. We 


had just, as we thought, put the finishing hand to this article, when 
the table above-named reached us. Should it turn out to possess the 
requisite accuracy of printing, it will have decided success. It is a 
large octavo volume of 550 pages of tables, The type, though without 
heads and tails, is all as nearly as possible of one thickness, and that 
thickness not too great, so that it might be called thin Eyyptian ; and 
it is very legible. The contents are all to seven decimals. Logarithms 
of numbers 0 (1) 108000, with subsidiary tables at the bottom of the 
page, which by addition of two logarithms in the page give the loga- 
rithms of sines and tangents, 0 (0”:001) 1” (0-01) 10” (01) 1’40” and 
1’ 40” (0°01) 16’ 40" (0-1) 8°. Logarithms of sines and tangents, 
0 (10") 45°. The differences begin to be inserted from 8°; and the 
first nine multiples complete, that is, one figure more than im the 
common table of proportional parts, are given in the same page; first 
for every fifth number, then for every three, &c., as the page will bear 
it. Under 3° multiples of subsidiary numbers are given, as explained. 
Then follows a table of proportional parts to complete hundredths, for 
numbers from 40 to 409, 

1860, Galbraith and Haughton, ‘Manual of Mathematical Tables.’ 
The ueual five-figure table, with Gauss’s table, a 0 (:001) 2 (°01) 3°39 (+1) 
5. The first British five-figure table, we believe, which gives Gauss’s 
table. 

1861, A. De Morgan. Three-figure logarithms: three figures of 
number to three of logarithm, complete, on a sheet of 74 by 6 inches. 
The third figure of the number in every case by the side of the loga- 
rithm : all numbers in red, logarithms in black. The quarter of a 
unit in which the logarithm lies, shown by use of the four common 
punctuating stops. Intended for the earliest instruction in logarithms, 
and as a substitute for the sliding rule in certain cases. 

§ 7. The next tables which we shall mention are those which are 
wanted in the higher mathematics. 

Extensive tables of elliptre functions are in Legendre’s ‘ Traité des 
Fonctions Elliptiques,’ 2 vols. 4to,, 1825 and 1826. The factorial 
function, Iz, is tabulated in the same work; and also in the ‘Exer- 
cices du Calcul Integral’ of the same author, Paris, 1817, in which 
several other definite integrals are also tabulated. An abridgment of 
this table (with ready means of restoring it fully) is in the treatise on 
the Differential Calculus (‘ Lib. Use. Know.’), p. 587. Tables of the 
integer form of Tv, or 1.2.3"... .(#—1), or rather of the logarithms of 
the values, are given by C. F. Degen,‘ Tabularum Enneas,’ Copen- 
hagen, 1824, up to «= 1201, to 18 decimal places: this table is re- 
printed to six decimal places at the end of the article ‘Theory of 
Probabilities’ in the Encyclopedia Metropolitana, Tables of ‘the 
integral S «dt were first given by Kramp, with logarithms of the 
values, in ‘Analyse des Refractions Astronomiques, Strasburg, 
1799. This table is reprinted in the Encyc, Metrop., art. ‘ Theory 
of Probabilities.’ The form in which this integral more usually 
occurs in the theory of probabilities (with the factor 2; ./«) 
was given (by Professor Encke, we believe) in the Berlin ‘ Astrono- 
misches Jahrbuch’ for 1834, from whence it was copied into the 
article in the Encyc. Metrop., above noticed; and (with extensions) 
into the ‘ Essay on Probabilities and Life Contingencies’ in the Cabi- 
net Cyclopedia, and into the article on Probability in the new edition 
of the ‘ Encyclopedia Britannica,’ A few other definite integrals have 


been tabulated : one very useful one, fie : log x, by Soldner, ‘ Nouvelle 


Fonction Transcendente, Miinich, 1809, copied into the ‘ Differential q 


Calculus’ (‘ Lib. Use. Know.’), p. 662. The integrals known by the ] 
name of Spence's Logarithmic Transcendants, are in the work with 


that title (Edinburgh, 1809; Sir J. Herschel’s edition, London, 1820). 


There are a few of the integrals in optics scattered through the Me- 


moirs of the Institute and of the Cambridge and Philosophical Society 
(in memoirs by Fresnel and Mr, Airy), Perhaps we should also 
mention the tables for the solution of indeterminate equations of the 
second di . Of these there is one in Le 's ‘Théorie des 
Nombres ;’ another has been given by Jacobi; and a third, by Degen, 
called ‘ Canon Pellianus,’ Copenhagen, 1817. 

There is much need of tables of mathematical results which are not 4 
numerical ; such as the following, the only ones of which we are able 
to speak. The first, the well-known collection of indefinite integrals 
or Hirsch, ‘ Integral tafeln,’ Berlin, 1810, of which an En j 

ition was published in 1823, 8vo. The second, a table of 2 
integrals, with reference to their sources, by Bierens de Haan, ‘ \ 
dIntégrales détinies,’ being the fourth volume of the ‘Amsterdam 
Transactions,’ Amsterdam, 1858. > 

As to astronomical tables, it would be impossible to give any account 
of the enormous mass which exists or has existed; nor w such an 
account be of any use, except for astronomical history, ‘They may be 
divided into two classes : first, the tables of observations published by . 
public or private observatories; secondly, the fundamental tables 
deduced from observations, to aid in the deduction of future predic- 
tions. As to the former, every well-conducted observatory in full — 
work publishes periodically (at intervals of one or two years) its volume — 
of observations, latterly with their reductions. As to the second class, — 

the 


a 


F 


} 
{ 
The tables in the other physical sciences are mostly collections of 
facts, and, we believe, generally speaking, by no means so complete as _ 
they might be. The value of tabular information seems to be not 
sufficiently felt. A large portion of every book of chemistry, for 
instance, is a detailed statement in words at length of facts which 
might with great advan’ be made the components ofa table, * 
§ 8. It remains to ya 5 of commercial tables, a subject of great — 
interest in this country, which has produced a great ~ The — 
mathematical tables connected with this subject be di into 
those intended to facilitate calculations of mone with regard to other 
countries, and with to transactions in this country; to which — 
we must add, as distinct heads, tables of annuities and other life con-— 
tingencies, and metrological tables, or tables of weights and measures. 
Of all these we ee 0 vbgsaeye s a very few. bed 2 Se 
The most complete work on foreign exchanges, and on the weights 
and measures of England, as compared with those of other countries, is — 
‘The Universal Cambist,’ &c., London, 1821 (2nd edition), 2 vols. 4to. 
(with supplements), by the late Dr. Patrick Kelly. We may also 
mention Tiarks’s ‘ Arbitration of Exchanges, London, 1817, Ay ieee 
Tables of interest of money begin with Stevinus, who in the ‘Practique 
d’Arithmetique,’ appended to his Arithmetic, Leyden, 1585, —— 
by Albert Girard in Steyinus’s collected works, 1626, gave the first 
tables of compound interest and annuities. They pi the famous — 
tract ‘ La Disme,’ in which decimal fractions were first proposed. And 
as this Practique should rather have been at the beginning than at the 
end, if rational arrangement had been studied; and as the ‘ Disine’ 
again should have preceded it, on the same supposition ; we must infer — 
it to be most likely that the tracts were placed in the order in which — 
they were written. If this be the case, then it is pretty certain that 
these tables of compound interest suggested decimal fractions, the — 
account of which speedily follows them. They are constructed a 
follows :—Ten millions being taken as the base (or root, as Stevinus— 
calls it), and a rate, say five per cent., being chosen, the present value 
of ten millions due at the end of 1, 2, &c., up to 30 years, are put ina 
column, to the nearest integer. By their sides are the sums of t¢ 
values, which give the present values of the several annuities of 


million, as follows :— 
Table d’Interest de 5 pour 100, 
1 9523810 9523810 
2 9070295 18594105 
3 8638376 27232481 
4 8227025 $5459506 
86 2813774 " 153924404 


The rates are from 1 to 16 per cent., and also for 1 in 15, 1 in 16, &e., 
to 1 in 22; or, as the French say, denier quinze, denier seize, &c. At 
the end is a direction to dispense, when convenient, with some of 
last figures. + : 
There is thus a virtual use of decimal Hagiryos on gawd the f 
The same thing happens in the tables of Witt, pr 
mentioned, which we believe to be the first English tables of com 
interest, and the first English work (except a translation of the ‘Disn 
of Stevinus) in which decimals were used; the use of them be 
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something more than the virtual use by Stevinus in the ‘ Practique.’ 
The next English writer who gave tables of compound interest, Robert 
Butler, in his ‘Seale of Interest,’ London, 1633, makes a rather more 
decided use of these fractions than Witt, and uses the phrase decimal 
Fractions, which had then hardly found its way into books. It should 
be noted that both Witt and Butler give real half-yearly and quarterly 
tables, as well as yearly ones. 

Tables of interest began to be published atthe beginning of the 17th 
eentury. The earliest we have met with is Richard Witt, ‘ Arithme- 
ticall Questions,’ London, 1613, which, before the introduction of the 
notation of decimal fractions, gives tables, or breviats, containing the 
significant figures, with rules equivalent to the management of the 
pe sa rN and Clay's ‘ Briefe, &c., Tables,’ London, 1624. In the 
first of that century we find in catalogues the works of Fisher, 
Butler, Webster, and others, with anonymous writers, all containing 
tables of interest, annuities, or leases. For the tables known by the 
name of Afcroid, see Morratity. The tables of leases, Cambridge, 
1686, had the approbation of Newton, as Lucasian professor, and have 
since been often reprinted and styled Newton's. 

Mr. Pocock, in his Bibliography of Annuities, &c. (‘ Familiar Expla- 
nation. ... of Assurances upon Lives,’ London, 1842), gives the follow- 
ing works, which we do not remember to have seen :— Tables of 
Leases — ..., London (1628), 12mo.; and William Purser, 
“Compound Interest and Annuities, containing the Art of Deéimal 
Arithmetic,’ London (1634), 8vo. 

In Newton's ‘ Scale of Interest,’ mentioned in the list of logarithms, 
is a set of tables for six per cent., then the maximum legal rate. 
There is here what we never met with elsewhere—a common almanac, 
with months, dominical letters, and fixed saints’ days ; having, in lieu 
of astronomical information, simple and compound interest and dis- 
count tables, telling for each day the amount of one pound from the 
yp cop of the year, or the present value for the end. 

first edition of Smart's tables, the original of all our large tables 
of compound interest, is ‘ Tables of Simple Interest and Discount, at 3, 
4, 5, 6,7, 8, 9, and 10/. per cent. per Ann.; also Tables of Compound 
Interest at the same rates, whereby,’ &c. By John Smart, at the Town 
Clerk’s Office, London: London, 1707, 4to (duodecimo size). The 
second edition, of 1726, is as large, compared with the first, as it is 
ible its author, “John Smart of Guildhall, Gent.,” may have 
compared with the subordinate at the town clerk’s office. 
It adds 24, 34, and 43 per cent. The results are interpolated for half 
which give the tables the appearance of being calculated for 
interest payable half-yearly ; but the fact is that yearly payments are 
ot A: edition of this work, enlarged, by C. Brand, 
London, 1780, has the reputation of containing many errors. The 
first edition (which we did not know of when we first wrote, and we 
find all* modern writers knew as little), besides a smaller range of 
rates, has not the half-years, and has only six decimal places, The 
tables of simple interest are also of very little extent. This set of 
tables was incorporated (with acknowledgment) in the article ‘ Interest’ 
in the second volume of Harris’s ‘ Lexicon Technicum,’ London, 1710. 
There was an abridged edition, with some of the rates and of the 
half-years left out, but still to eight figures, ‘Tables of Interest, &c., 
i for the use of Schools, in order to instruct young gentle- 
men in the use of Decimal Fractions,’ by John Smart, &c., London, 
1736, quarto (octavo size). 

Mr. Baily’s ‘Doctrine of Interest and Annuities,’ London, 1808, is as 
extensive as Smart’s for whole years, and as correct ; and the ‘ Tables of 
Leases,’ London, 1807, by the same author, contain the simple cases 
which the name implies, tabulated by themselves. The ‘ Doctrine of 
Interest,’ by Francis Corbaux, London, 1825, contains the real dis- 
tinction of yearly, half-yearly, and pet interest: these tables are 

in the same author’s work on ‘ Population,’ London, 1833, 
Mr. Harily’s ‘Doctrine of Simple and Compound Interest,’ London, 
1839, contains rates of pepo ste per cent, from } up to 
5 per cent., with succeeding integer rates. the standard works on 
life annuities contain tables of compound interest. 

There seems to have been a tendency at the beginning of the last 
century to publish commercial tables in copper-plate, probably with a 
view to secure the advantage which stereotype has since secured in a 
better form. Thus we have the “arithmeticall tables” of C. Bardon 
(Roy. Soc. library) without date; Lostau's ‘ Manual Mercantile,’ 
second book (first never published), London, 1733; Rev. G, Brown's 
« Arithmetica Infinita, London, 1717 ; the two last being multiplication 
tables, with multiples of numbers and fractions useful in money trans- 
actions, arranged under heads. The following may be mentioned as 
containing hints which might even now be useful :—Benjamin Webb, 
‘Tables for Buying and Selling Stocks,’ London, 1759; also ‘The 
Complete Annuitant, or Tables of Interest,’ London, 1762; Hayes’s 
“Moneyed Man's Guide,’ a table for computing dividends, London, 
1726. The French have a large number of tables answering to our 
ready-reckoners, under the names of Baréme (a word of the same use 
with them as Cocker with us), comptes-faits, &c. We have seen one of 
ther of the decimal character, in which a metal plate with rectangles 
pierced in it serves, on one rectangle being placed over the integers of 


® Dr, Farr (‘Reg.-Gen, Rep.,’ 1844, p. 559) mentions the edition of 1726 as 


the second edition. 
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ny eer given, to make another separate those of the number to be 
‘ound. 

Commercial tables of any real power are rendered impossible in 
practice by the use of shillings, pence, and farthings, except by an 
extent of matter which makes them very expensive. If, indeed, the 
rule for decimalising the parts of a pound [ComrutTation] were well 
learned and properly used, some of the older tables, which have fallen 
entirely into oblivion, would certainly be revived with effect. Two of 
those presently mentioned will certainly be reprinted when the time 
comes ; Brown’s ‘ Arithmetica Infinita,’ and Webb’s ‘ Tables for Buying 
and Selling Stocks.’ The main part of the former is the first nine 
multiples of the decimal, which expresses any number of farthings in 
a pound. Thus, under 7s. 84d. are *3854166 ... and its multiples up 
to nine times. The latter has the multiples necessary to find the 
quantity of stock which answers to any sum of money, and vice versd, 
at different prices. These are both pocket tables, and their places are 
supplied at present by works of much greater bulk and less extensive 
use. 

We now give a very condensed account of a few mercantile tables, 
We take them merely because we happen to have examined them, 
without any selection. Such a list, meagre as it is, both in amount of 
works and in description, may be of much use to one who is contem- 
plating the construction of a table. He may be warned that tables 
exist which he should consult before he settles his plan; for those we 
have quoted may suggest the expediency of looking out either for 
themselves or for others resembling them; or he may receive a hint 
even from so brief a description as ours. There will appear, in so 
short a list as this, sufficient evidence of the never-ceasing attempt to 
bring decimal * fractions into tabular connection with our mixed 
money. There has never been any lasting success with the world at 
large ; and we must continue, in our commercial arithmetic, at per- 
petual war with our own first principles, until we are wise enough to 
decimalise our coinage, and ultimately our weights and measures. 

In the following list, the letters Q., O., or D., for quarto, octavo, and 
duodecimo or under (referring to size, and not to mode of printing), 
precede the date and begin the description of each work :— 

O. 1613, London: Richard Witt, ‘ Arithmeticall Questions ;’ com- 
pound interest. Q.1619, Leipsic : ‘Ein newes metzbar gerechnetes 
Rechenbuch ;’ ready-reckoner, tables of multiplication of prices. D. 
1629, London (2nd edition, many editions): William Webster, 
* Webster’s Tables ;’ small tables of simple interest. D. 1632, London: 
John Bill, ‘Accompts cast up;’ ready-reckoner, simple multiplication 
of integer numbers up to 100 times; the earliest English ready- 
reckoner we know of, 0.1633, London: Robert Butler, ‘The Scale of 
Interest ;’ tables of discount and present value. O. 1668, London: 
John Newton, ‘The Scale of Interest’ (see Logarithms, 1668). 0. 
1677, London : Michael Dary, ‘ Interest Epitomized ;’ small tables of 
compound interest; a rare and remarkable book in other respects. 
D. 1682, Amsterdam: J. Sarfatti Pina, ‘De Lichtende Koopman’s 
Fackel;’ multiples of money in facilitation of exchanges. D. 1686, Cam- 
bridge [Mabbot]: ‘ Tables for Renewing and Purchasing of the Leases 
of Cathedral Churches *t and Colleges ;’ reprinted almost down to our 
own time (to 1808 at least) under the name of Newton, because it has 
Newton’s certificate of approbation of the method. Mr. Edleston, who 
has found the name of the writer in his researches into Newton’s 
biography, says that he was manciple, a caterer, of King’s College. In 
the treasury of Trinity College, he adds, is a table and explanation, in 
Newton's handwriting (1674-5), of the fines for renewing years lapsed 
in a lease for 20 years. It is entitled, ‘Tabula redemptionalis ad 
reditus Collegii SS. Trinitatis accomodata, and gives seven years’ 

urchase for the whole lease, and one year for seven years lapsed. 
This allows the lessee upwards of 13 per cent, This table was 


* The day after we had written this we came in contact with an extract from 
the ‘ Publishers’ Circular,’ as follows :—‘* An old copy of Langham’s ‘ Nett 
Duties and Drawbacks,’ digested into an easy method, once the standard 
authority on the subject, gives us the exact state of the case a hundred years 
ago, and leaves us in some astonishment that any head, native or foreign, could 
have tered the licated details then necessary for their own safety to 
be known to importers... . Decimals, indeed, appear to have been the delight 
of the tariff-maker of old, for the charge on every one of the fifty-eight items 
{of paper] concludes with some such a fraction—occasionally reaching the 
delicate nicety of 924 hundredths of a penny.” This merely means that com- 
mercial arithmetic is more of a mere routine than it was, and that a hundred 
years ago decimal fractions were more cultivated than they are now, 

+ Later editions of this work are accompanied by a letter on the value of 
church leases, which was. one commencement of a long dispute, giving many 
pamphlets, (See ‘ Notes and Queries,’ 2nd series, vol. iv., p. 361.) The practice 
of raising the fines, which had been very much too low, had been growing for 
some thirty years previously to 1686 ; and the publication of these tables seems 
to have been in justification of the rise. Hence the importance attached to obtain- 
ing from Newton a certificate of the method, which those interested might have 
denied, The dispute, which never died, was very warm in 1729-31, when the 
clergy were th d with legislative’ interference, and did actually receive 
some implied recommendations to desist from the House of Commons. Common 
sense, however, seems to have found out at last that the clergy, in spite of the 
augmentations, were making much less of their lands than the laity; and the 
next phase of this history is that of 1837, in which year the poor divines were 
threatened by parliament with the loss of the iment of their , for 
letting them too Jow, It is not easy to please everybody, 
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employed till 1700, when Bentley introduced 10 per cent, tables ; but 
the “ greediness for present sealing money” compelled a return to 
the old system. Dr. Smith, in 1742, reintroduced the 10 per cent. 
tables, which became 9 per cent, in 1750, Newton's table is published 
in the ‘Journal of the Institute of Actuaries’ for January, 1861, 
vol, ix., No. 42. O, 1693, London: W, Leybourn, ‘ Panarithmologia 
- +, all performed by tables ready cast up ;” ready-reckoner, multiples 
of prices, &c. D. 1707, London: John Smart, ‘ Tables of Simple 
Interest . . , , also Tables of Compound Interest;’ the first edition 
of these celebrated tables. D. 1710, London: John Castaing, ‘ An 
Interest Book .. . ;’ interest per year reduced to days by tables. 
O, 1711, London: E. Hatton, ‘ An Index to Interest ;’ units, tens, and 
hundreds of pounds principal, reduced to interest for each number of 
days in the year. D, 1718, ——: Geo, Brown, ‘ Arithmetica Infinita;’ 
all farthings under one pound reduced to decimals, with the first nine 
multiples of each (the whole in copper-plate ; the figures very rough, 
as if put in by the author's own hand). Q. 1726, London: John Smart, 
‘ Tables of Interest, Discount, Annuities ;’ the second edition, and the 
best, D. 1726, London: Richard Hayes, ‘ The Money’d Man’s Guide;’ 
tables of dividends on sums proceeding by eighths of a pound, at 
_ cent, 

D. 1735, London; Gael Morris, ‘Tables for Renewing and Pur- 
chasing Leases ...;’ and, with another title-page, tables of simple 
interest for years, months, and days. O. 1735, London: James Lostau, 
‘The Manual Mercantile—Second Book ;’ the first never published. 
This book is 450 pages of copper-plate ; the descriptions, &c., in a pro- 
fessional handwriting; all the table-work in the roughest figure, as if 
put in by the author for security inst error. First.nine multiples 
of numbers up to 1609; reciprocals to seven significants, and first 
nine multiples, up to 1535; numbers advancing by eighths of a unit, 
and their nine multiples in decimals from 100 to 140, and then 
by fourths to 156; reciprocals of the same, with nine multiples ; 
pence and farthings in decimals of a pound, with eight and after- 
wards seven significants, with nine multiples, up to 140d.; the 
number of times pence and eighths are contained in a pound, in 
decimals, with first nine multiples, up to 140d. ; a mass of tables for 
exchange, commission, reduction of weights and measures, &e. &e., all, 
or most, haying results expressed in decimals, with nine multiples of 
each, O. 1736, London; John Smart, ‘ Tables of Interest ;’ the large 
tables abridged into a school-book, 0.1756, London (19th edition) : 
John Playford, ‘ Vade mecwn ;’ ready-reckoner of the modern type. 
O. 1756, London ; ——, ‘ New Sett of Interest Tables ;’ small tables, 
followed by tables of excise on beer and ale, printed on one side only, 
apparently to allow pasting on a wall, and ‘designed for a check on the 
custom-house and excise officers.’ 

D. 1759, London: Benj. Webb, ‘Tables for buying and selling 
Stocks ;’ the chief table is one of numbers increasing by eighths, given 
in decimals, with nine multiples to each, from 60 to 130; and their 
reciprocals in the same way. D. 1762, London: Benj. Webb, ‘ Com- 
plete Annuitant ;’ collection of tables subsidiary to interest, not easy 
to describe briefly. D. 1766, London (14th ed.; 16th in 1775): 
Richard Hayes, ‘ Interest at one view;’ interest in the form of the 
ready-reckoner for months and days. O. 1773, Amsterdam : Nicolas 
Barreme, ‘ Comptes-Faits ;’ an edition of the celebrated French ready- 
reekoner, which, like ours, consists of multiples of sums of money. 
The name of Barreme (so spelt in the licence, though now Baréme) is 
ingrafted on the French language as a word for mercantile calculation. 
Our Cocker * is a jesting allusion; but Baréme is quite a serious word. 
0. 1773, Brussels, René Neron, ‘Comptes-faits +} pour les changes ;’ 
exchanges between different countries, in the ready-reckoner form. 
O. 1798, Paris; Blayier, ‘ Nouveau Baréme ;’ adapted to the change of 
coinage. Q. 1799, London: John Wilson, ‘Tables to facilitate the 
computation of Interest ;’ containing the proportion of ‘05 for each 
number of days in the year, with multiples of each fraction up to 100, 
to nine decimals. All calculations are made for fiye per cent., and 
aiterwards reduced to the rate given: a very common principle of 
tables. 0, 1804, London: 8S. Newman, ‘Collection of Mercantile 
Tables ;’ the ready-reckoner (or mu/tiple) principle adapted to prices, 


* We have endeavoured to find the reason why Cocker, or rather the book 
which Hawkins put out in Cocker’s name, should be selected as the type of 
commercial arithmetic. We trace the allusion to 1756, and no farther back. 
In that year Arthur Murphy’s farce of ‘The Apprentice’ appeared, in which 
the old merchant Wingate is perpetually eulogising Oocker’s arithmetic. 
Wingate and Cocker were two of the best-known books on arithmetic, If the 
allusion cannot be carried farther back, then the probability will be that 
Murphy took the names of the arithmeticians with whom he most often came in 
¢ontact, and used them as described. In that case Wingate would have been 
our Cocker, if Murphy had chosen to make Cocker his Wingate; and Wingate 
much better deserved the distinction. " 

F Dedicated to the Duke of Lorraine, in verse, which ends as follows :-— 


Grand Prince, sois propice 4 ma juste demande, 
De mon petit travail daigne accepter l’offrande, 
Et, quittant d’Apolion le stile familier, 
Permét-moi de me dire en stile régulier 
Monseigneur, 
De votre Altesse Royale, 
Le trés-humble, trés-obei t, 
et trés-respectueux Serviteur, 
Nenon, 


lengths, interest, &c, ©. 1807, London: Francis Baily, ‘ Tables for 
. . » Leases’ (second edition; first in 1802); the t separate 
tables of leases of the modern form. Q. 1808, London; F. Baily, 
‘The Doctrine of Interest and Annuities ;’ a well-known work, the 
tables from Smart. D. 1811, London: Wm. Inwood, ‘ Tables for. . , 
Estates . . . and Leases;’ the idea, and some of the tables, from Baily, 
O. 1816, Caleutta: G. M. Anderson, ‘The Universal Calculator ;’ a 
large ready-reckoner for prices, exchanges, interest, weights and mea- 
sures, &c, O, 1825, London; Fr, Corbaux, ‘ The Doctrine of Compound 
Interest ;’ tables, with a large introduction of half and quarter rates of 
interest; the tables are added to the author’s work on population, 
1833, 8vo, O, 1889, London ; Peter Hardy, ‘Doctrine of Simple and 
Compound Interest ;’ tables, with half and quarter rates of interest, 
QO. 1841, London: Geo, Reid, ‘ Tables of Pace i in the ready- 
reckoner form, relating entirely to sterling and dollars. D. 1847, 
London :; David Allester, ‘ Table of Simple Interest, comprised in one 
e;’ this page has an arrangement by which each day is shown at 
ve per cent., with its nine multiples, O. 1847, London; D, Allester, 
‘Decimal Dividend Tables ;’ the basis consisting of shillings and pence 
in decimals of a pound, with the hundred multiples of each. O, 1849, 
London; James Laurie, ‘ The Golden Ready-Reckoner ; ” ready-reckoner 
by multiples of one share at pounds and sixteenths per share, O, 18 A 
London ; C. M. Willich, ‘Interest and Time Commutation Tables ;’ 
conversion of five per cent. into any other practical rate by inspection ; 
and conversion of days to run into days which give the same at fiye 
cent. D. 1859, Edinburgh : W. Waterston, ‘ Waa of Commerce’ 
fond edition) ; a ready-reckoner, combined with interest, dividend, &e,, 
tables, and information of many kinds, O, 1859, London: Feodor 
Thoman, ‘ Theory of Compound Interest ;’ a new disposition of the 
subject, the tables being the logarithms of amounts, and the logarithm: 
of annuities which one pound will purchase. D. 1859, ifax : 
‘ Nicholson’s Ready-Reckoner ;’ a good specimen of a class of sixpenny 
books which are now common. ; 7 

We cannot pretend to give a technical list of life assurance and 
annuity tables; anything we could do in this way, in any space we 
could give, would be professionally useless, and otherwise worse than 
uninstructive. We may, however, attempt to point out and to ill 
trate an epoch of activity which commenced about the year 1840, 
which still continues. In the year 1838, the chief of the professio’ 
tables were in the well-known works of Price, Morgan, Baily, Milne, 
Griffith Dayies, and Finlaison. The extent of tables, as judged prac 
ticable, went as far as annuities on two lives, for all ages differi 
multiples of fiye years, at 3, 4,5,and 6 per cent. Barrett's ge 
the greatest augmentation of resources which was ever created on this 
subject by any one nm, was not in use for want of sufficient appli- 
cation to bin Mk Pog rates of mortality. Milne’s book best repre- 
sents the laborious character of many computations which are now 
either reduced to insignificance, or themselves acti tabulated for 
reference, This yaluable work (1815) was published by the author at 
his own expense, and with a certainty of heayy loss; and no public 
acknowledgment of his merit was made, eyen when it had become 
apparent that he had changed the basis of life-tables, and introduced 
an important reformation by the only efficient means—the construction 
of a body of tables competing in extent with those already in use, and 
beyond challenge as to accuracy of computation. Barrett’s method is 
not't noticed by Milne in this work; but it only appeared in Baily’s — 
Appendix of 1813, and Milne could hardly have had time, occupied as 
he must have been with his own work, to have thoroughly examined 
it, much less seriously contemplated the use of it. ; 

The impulse was given by the Useful Knowledge Society (who how 
ever had a colleague, as we shall see), when they brought forward Mr, 
Dayid Jones, and recommended, almost insisted on, a very+: rabl 

* A case arose out of this work which illustrates the varying decisions which 
prevail in the courts when a single judge decides questions of fact, 

pplied for an injuncti inst a work in which he held his own work to 
have been pirated, He produced his own original calculations; and proved 
that all the misprints and errors of the last figure, by the score, which occurred 
in the parts of his work in question, occurred also in the alleged piracy, But 
he could not satisfy the court that a piracy had been committed: he happened 
to light upon a judge who would have thought it might have been a coi: 
if he had seen his own name growing in mustard and cress. Persons who have 
reason to fear that their tables will be pirated should lay some special traps for 
detection: many might easily be suggested, i iy 

+ Milne has made it apparent, in his work, that he had had some difference 
with Baily, who is not alluded to by name, but only by such phrases as ‘the 
last author who has treated on this subject.” There certainly had been some dis- 


agreement, The Sun Fire Office became also a life office in 1810, and Baily was 


then consulted by the directors : we suspect that the disagreement, whatever it 
was, then took place. But by the time Milne published his article on annuities. 
in the Encyclopedia Metropolitana (of which the private copies dated 
1837) much of this feeling had worn off. Baily’s name is mentioned, and his 
merits are judiciously, though coldly, acknowledged ; but Milne was not 
given to strong praise; he neither”blew his own trumpet, nor that of anybody 
else. Of Barrett’s method Milne thought highly, Having more than once 
heard it suspected that he was averse to its use, we give an extract from a 
letter of his to the writer of this article, dated Noy. 17, 1841, while Jones's 
work was in progress of publication in numbers, thanks.... for the 
Companion to the Almanac of the Useful Knowledge Society, to which truly 
useful society we are also indebted for Mr, Jones’s tables, which will greatly 
facilitate calculations.” 

} We speak from positive knowledge. Mr, Jones, though no way disinclined 
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extension of his original plan. The only tables in existence for ev 
combination of two lives been published by Mr. McKean, in 1837, 

ing on one sheet the rates 3, 4,5,6 per cent., by interpolation 

mi the Carlisle tables. Mr, Jones (whose work was completed in 1843) 
gave every combination for 3,34, 4, 44,5, 6 per,cent., both in the annui- 
ties, and in Barrett’s subsidiary tables; that is, twelve tables for all 
combinations, instead of four tables* for combinations differing by 
multiples of five years of age: and this far from all. A short account 
of some of the tables since published will show that the example has 
been vigorously followed; both as to the completion of things which 
had been but partially done, and as to the origination of new under- 


takings. 

In saying that the Useful Knowledge Society first showed the way, in 
actual print, to the construction of more extensive tables, we should 
commit great injustice to a most daring and persevering calculator, if 
we omitted to notice that Mr. Edward Sang could have received no 
hint from their proceedings. His ‘Assurance and Annuity Tables,’ 
Edinburgh, 1841, large folio, give, for one life and 3 per cent., almost 
every deduction from the Carlisle tables which an actuary could have 
supposed possible to be wanted. And Mr. Sang worked with his 
hands as well as with his head. Over and above a table of five- 
decimal logarithms and antilogarithms, every result in the book has its 
logarithm attached to it. And with this we have the present values 
of every annuity and assurance, temporary or deferred, which can be 
made on one life, at any age, and for any duration or deferment : 
together with a mass of values and ums for other cases which we 
shall not attempt to specify. In 1859, Mr. Sang published a second 
volume, containing, also for 3 per cent., a body of results on two 
lives which meet all the actuaries’ cases; also with logarithms attached. 
The offices, and many of the actuaries, were at first inclined to look 
very coldly upon these magnificent efforts; but, so far as we have 
observed, we think there is now a disposition to acknowledge their 
utility : their merit was never denied. 

Mr. Jones and Mr. Sang, independently of each other, showed that 
there was no occasion to be frightened at the notion of calculating and 
printing all the cases of a problem of two lives, or of one life for terms 
of years: at the time when they began their labours, a routine had 
been established by the consent of several distinguished writers, which 
consent caused ordinary calculators to look upon anything beyond the 
routine as next to im icable. In 1848, Mr. T. Wigglesworth, in 
‘ Carlisle Probability-Tables of the Logarithms . . . .’ London, 8vo., gave 
the logarithm of the chance of surviving every number of years, at 
every age, from the Carlisle tables. In 1850, Mr. W. Orchard, in 
‘Single and Annual Assurance Premiums, London, 8vo., gave tables 
for converting the value of an annuity into the single or the annual 
premium for a corresponding assurance ; the necessity for which often 
arrives in masses of instances together. The rates are 2}, 3, 34,4, 44, 
5, 6, and 7 per cent. ; 

In 1850, Mr, H. E. Filipowski, in an appendix to his work on anti- 

, London, 8vo., gave Carlisle annuities at 3 per cent., for 
three joint lives, for all combinations of quinquennial ages, This is the 


first table of three lives : nothing more than specimens had been pre- | 


viously published. : 

In 1851, Messrs. P. Gray, H. A. Smith, and W. Orchard, in * Assu- 
rance and Annuity Tables,’ London, 8yvo., gave, for the Carlisle 
tables, at 3.per cent., the premium and the annual premium for 
every ease of survivorship asstrance on two lives. In 1850, Mr. W. T. 
Thomson, of the (Scotch) Standard Life Assurance Company, pub- 
lished, in fifteen} sheets, meant to be joined in one, what we may 
describe as, for the Carlisle tables at 3 per cent., a collection of 
Barrett’s tables, one for each age in the tables: or the number 
living at every age of life discounted to every lower age. This table 
might have had its use, if Mr, Thomson himself had not su ed 
it, in 1853, by his book, entitled ‘ Actuarial Tables, Carlisle Three per 


to the undertaking, would not have ventured to propose such an unheard-of 
extent of tabies; and this extent was proposed to him, and not by him, during 
the actual progress of the work. It was Mr. Jones who first proposed a large 
extension of existing means, and the Society asked for more, 

© In our first article appears the following: ‘‘The work of Mr. Jones on 
Life Annuities, in the ‘ Library of Useful Knowledge,’ which is now brought 
neatly to a close, contains more tables than the old standard works all put 
together, and is the first in which extensive tables for what is called Barrett's 
Method are farnished, both for one and two lives.” 

+ Mr. Sang arranged the types in the boxes, before using them, with all the 
cate of composition, and set them up in the boxes all in one way. He then set 
the types for printing from with his own hands, The second volume was 
treated in the same way by his computers. A computer can set up the types 
from the original calculations; and thus the labour and risk of re-writing are 
avoided. The time of setting up was ultimately reduced to not much more 
than what would have been required for re-writing the manuscript; the com- 
puters, after very little practice, were able to outstrip the speed of ordinary 
compositors. ‘The only predecessor of Mr. Sang in this matter that we know 
of is Mmstlinas, who, in 1596, while superintending some printing for Kepler, 
writes that the tables have been very badly described (as to structure), and adds, 
Hine nullus typothetarum operi manus admocere potest : Ipse cogor typothetam 
agere. < 

fe is impracticable. The fifteen sheets joined together make a table 
of ge by 4 eae, This is too much, even for the wall of an office, We 


cent,,’ Edinburgh, 8vo., giving the ultimate elements of the old form 
of calculation: that is, the present value and logarithm of every P bard 
of annuity, and the logarithm of the risk of death im each year, from 
and after every age. ese values are put together in successive sums 
so that the present value of every deferred annuity, and of every 
deferred and temporary assurance, is gained directly from the table. 
A complete table of probabilities of living, logarithms and primitives 
both, is also given; with some other tables. In 1858, Mr. David 
Chisholm, in ‘ Commutation* Tables for Joint Annuities and Survivor- 
ship Assurances, based on the Carlisle tables at 8, 34, 4, 5, and 6 per cent.,’ 
London, 2 vols., 8vo., introduced, in addition to Barrett’s tables for 
two joint lives, the form for survivorship assurances, by which such as- 
surances for terms of years, or when deferred, are immediatel 
calculated. There are tte efforts with which we are not acquainted : 
from those which we have cited, the reader may see the very great 
progress which the actuary’s tables have made in the last twenty 
years. 

We shall mention a literary curiosity of the subject, the spurious 
edition of Francis Baily’s celebrated work on Life Assurance: the 
only instance in modern times, we believe, in which a heavy work of 
algebra and tables has been counterfeited. 'The genuine work, though 
never out of reputation, was soon out of print : and such copies as were 
sold by auction fetched enormous prices. About the year 1850, copies 
of the work, in appearance, were offered at the assurance offices at less 
than a quarter of the old auction prices: which were discovered on 
examination to be spurious. The type, paper, &e., of the genuine 
work had been imitated almost to the smallest points; but the careful 
supervision which Baily always gave to details, and the excellent per- 
formance of his printer, could not be imitated. Those who do not 
know the original edition will immediately detect the peed edition 
by an inverted 3 being always used for the letter p. Shabby as the 
undertaking was, it invaded no copyright: and as no one now much 
wants Baily’s work for the tables, so that it matters less whether these 
be accurately reprinted or not, it must be granted that the still valuable 
part of Baily’s work has been made more accessible, and therefore 
more useful. We are of opinion that an edition of the work, with no 
more than specimens of the tables, and notes, critical, historical, and 
prospective, would command circulation. 4 

The railroads have created a demand for tables of the cubic yards in 
cuttings, embankments, &e, Of these we select three, of extreme and 
mean sizes. First, ‘A general sheet-table, &c., on one side of one 
sheet, by F. Bashforth, M.A., very efficient for its size. Secondly, 
‘Tables for .... earthwork of Railways, 1847, by C. K. Sibley and 
W. Rutherford ; a collection of sheets, with flexible cover, small folio, 
Thirdly, the second edition, ‘ Tables for facilitating the calculation of 
earthwork,’ by Sir John Macneill, Dublin, 1846, an 8vo, volume of 
368 pages. We describe what we have by us, not knowing what edi- 
tions may now be current, or what other works there may be, 

The practice of stereotyping tables is one which should be strongly 
enforced, if it were not that publishers seem now to be aware of its 
importance. A second edition derives no authority from the goodness 
of the first, because the printer, who is, as already observed, as im- 
portant a person as the author in the matter of tables, has again 
stepped between the latter and the public, In reading the proofs of 
important tables, it is desirable that three persons should be employed, 
one to read from the manuscript, the others to watch two separate 
proofs, without communication with each other, as done in the Nautical 
Almanae office. The strictest investigation should take place in the 
proof which is taken from the stereotype, ordinary pains being taken 
with the previous proofs. Persons who have to correct the proofs of 
tables alone should bring the manuscript as near as possikle to the 
proof by folding it conveniently : even if the folds were altered after 
every two or three lines, so as always to have both manuscript and 
proof under the eye in one position, it would not give more trouble 
than would be well repaid. Double figures should be particularly 
attended to; no mistake is so likely to be made, either by the com- 
positor or the reader, as 744 for 774, and the like. This, and mis- 
placing the order of the figures, as 012 for 102, are the things which it 
is most difficult to avoid. Again, of the two things under examination, 
manuscript and proof, the more difficult one should be looked at first, 
for the mind is apt to allow knowledge derived from the more easy 
to give help in interpreting the more difficult, Thus, if the type 
be harder to read than the manuseript (a very common thing with 
thick even-sized numerals), make out the proof first, and then look at 
the manuscript; and vice versd. - If two readings. be given, vary the 
mode; the following may for instance be the plan adopted: if the 
manuscript column contain a, b, c, &., and the printed column A, B, 
C, &¢., look at @, compare it with A, then at B, compare it with , 


* The tables formed on Barrett’s method are variously described as Barrett's 
tables, Davies’s tables (G. Davies was an improver), D and N tables, and Con- 
mutation tables. fap 

+ In 1848-9, something more than a dozen copies of Baily’s work camé into 
the hands of Mr, Riad mathematical bookseller, slightly imperfect. The 
missing parts were reprinted (pp, 305-320 and 545-552), 
in Baily’s hands till his death : and when the wus selling by auction at 
and over five guineas, his friends applied to him again and again to have the 
deficiencies made good and the books put into circulation; but they never could 


These copies were 


ed the table by nailing the sheets against the front of a b , and 
aa: step-ladder, be] Gulliver did when pursuing his studies at Brobdingnag. 
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then at c, compare it with C, and so on ; the order of inspection being 
aA, Bb, eC, Dd, &. Some persons examine best by the eye alone, 
others by the ear also, repeating aloud. Each one must ascertain for 
himself which practice is best for him; but whatever it may be, it 
should be veriol. Alteration of position, motion of the hand or foot 
occasionally to mark the transitions, change of the tone of repeating, 
&c., are useful : it is hardly credible, to those who have not tried, how 
much the perceptions are dulled by the monotonous comparison of one 
column of figures with another, or how many and how gross errors both 
eye and ear, when tired, will suffer to pass. Persons who are not 
much used to this labour might very well proceed as follows. Let 
them request the printer to make, at his own discretion, a certain 
number, say three, of mistakes (author-traps) in every page, carefully 
istering them, but not on the manuscript. The author may then 
be certain that he ought to detect three mistakes in every page, and 
will know that he has been careless if he have not that number at 
least. But at the same time, an author who has not reason for confi- 
dence in himself, may very safely leave good manuscript tables entirely 
to the printer, if he make the latter understand that he does not intend 
to correct till all is printed off, and will require every page containing 
an error to be cancelled. No good printer would now refuse to e 
to furnish a facsimile of a manuscript, on the simple condition of 
being allowed to refer to the author for decision as to any doubtful 
word or figure in the writing ; and the accuracy with which the first- 
rate London * printers turn out their proofs, even where the manu- 
script is criminally bad, is surprising. We have frequently looked at 
after page of table-matter more times than we should otherwise 
a thought necessary, merely because the total absence of detected 
error left it an unsettled point whether it was the excellence of the 
proof, or a temporary suspension of our own quickness of perception, 
which caused the absence in question. 

Catalogues of tables (separate) may be seen in the catalogue of the 
Royal Society’s Library; in Murhard’s ‘ Bibl. Math.;’ in Lalande’s 
* Bibl. Astron,’ (in virtue of the index); but there is nothing approach- 
ing to even a moderately perfect catalogue. 


In the preceding article we have described, we believe, all the tables 
of note, whether in history or practice, so far as general tables of pure 
mathematics are concerned. We have omitted those which relate only 
to astronomy, life contingencies, or any other special application of 
mathematics, As the article stood in the ‘ Penny Cyclopedia,’ we had 
brought forward about 318 tables, of which 221 had been taken from 
actual inspection, and the remainder from various authorities, very few 
indeed from one only. In Lalande’s ‘ Bibliographie Astronomique’ 
there are 208 tables mentioned, including astronomical ones. In the 
printed catalogue of the Royal Society’s Library the entries under 
tables, of every sort, mathematics, astronomy, navigation, geography, 
meteorology, &e., are 536 in number, including from the merest tide- 
table for one year up to the largest body of logarithms. And upon 
looking at the appearances which the different catalogues present, we do 
not find one in which 200, or even 100, tables of pure mathematics are 
mentioned as having undergone the actual inspection of the compiler. 
In the present article we have given about 457 tables, of which 332arefrom 
actual inspection. It would not, then, we suspect, be a very extensive 
undertaking to make as complete a list of tables of all kinds as can 
now be recovered; and the undertaker of it might expect to be able 
to verify about two out of three from inspection. 

In the present article some additions have been made, both of tables 
and of facts alluding to tables already inserted, and several corrections. 
We have not made any effort to include all the tables of-the last few 
years, preferring to direct our chief attention to the improvement of 
the antiquarian part of our task. To this end we have examined anew 
all the old tables which we could conveniently see. In reviewing our 
work, we find that we have sometimes spoken of the decimal places in 
a table, and sometimes of the radius to which it is constructed; but 
we do not mean that the old tables had decimal places, properly so 
called. We must also remind the reader that this article is not biblio- 
graphical ; our affair is not with books as books, but with tables as 
tables. Accordingly, the descriptions of books are not fully given : 


* This was first published in 1842. In the spring of 1845, the Nautical 
Almanac of the year was nearly exhausted, and it was necessary to reprint 
it with the utmost speed. The Nautical Almanac contains more than 500 
large octavo pages of numerical tables. Clowes and Son, all revision being left 
to their own readers, performed the task in seventeen working days, from the 
commencement of the composition to the delivery in sheets. The accuracy of 
this reprint was never impeached. A printer who was engaged upon an article 
in which the above statement was made, assured the author that he must be 
Wrong, that the reprint was made from standing type, as was proved by the 
revision being intrusted to the printer: on which proper attestations were 
procured from Clowes and Son and their overseers, and these we have seen. 
Even printers, when their work is all of the ordinary kind, are not, it should 
seem, aware of the confidence due to those who are habitually concerned with 
such things as tables. This reprint, when it came to be examined, had only 
thirty-three errata, The necessity occurred again in 1846, and, as appears in 
the advertisement to the second edition of that work, the reprint was fully done 
in sizteen working days, Subsequent revision d d only twenty-two errata, 
seven of which were in some copies only, that is, due to hurried press-work. 
There was then perceptible progress, both in speed and accuracy, 


and their contents, except so far as they are the tables spoken of, are 
wholly unnoticed. ; 

TABLE, ROUND. The most famous Round Table is that of King 
Arthur, which is said in the old romances to have been constructed by 
the wizard Merlin for Uther Pendragon, Arthur's father, from whom 
it passed into the possession of Leodigan, or Leodegrance, king of 
Camelard, or Carmalide, whose capital was Carshaise, and then came to 
Arthur as the portion of his wife Guenevre, daughter of that monarch. 
The romance of the ‘ Mort d’Arthur’ says that Merlin made it “ in 
token of the roundness of the world;” according to the metrical 
romance of Merlin, it was made in imitation of one which had been set 
up by Joseph of Arimathea in commemoration of that at which the 
twelve apostles ate the last supper with their divine Master. The Round 
Table is not mentioned at all by Geo: of Monmouth, either in his 
‘ Chronicle,’ or in his ‘ Life of Merlin’ in Latin verse; but it is noticed 
by his contemporary Wace, in his metrical ‘Roman de Rois d’. 
terre.’ The Round Table was intended, to quote the analysis of the 
romance of Merlin given by Ellis (‘ Specimens of Early English Ro- 
mances,’ i.), “to assemble the best knights in the world.” There are 
different accounts of the number of the Knights of the Round Table, 
which indeed appears not to have been always the same. The romance 
of Merlin, which states that Uther had no power to fill all the 
makes that king nevertheless to have nominated 250 knights, and these 
are also spoken of as forming the number of the order under Leo- 
degrance. The ‘ Mort d’Arthur’ makes Leodegrance say, in surrender- 
ing it to Arthur, “I shall give him the Table Round, the which Uther 
Pendragon gave me, and when it is full complete, there is a hundred 
knights and fifty; and, as for an hundred good knights, I have myself, 
but I lack fifty, for so many have been slain in my days.” Of the 
knights that were wanted, Merlin was at the moment only able to 
twenty-eight for Arthur; but some were added afterwards. 5 
accounts again make the complete number under Arthur to have been 
only a hundred. 

It is asserted by some of the chroniclers that some time before 
Edward ILI. instituted the order of the Garter, he established in the 
castle of Windsor a fraternity of twenty-four knights, and erected for 
them a round table, in imitation of that of Arthur, with a chamber in 
which it was placed, in what is yet known as the Round Tower, 
Bishop Percy, in his ‘ Reliques of Antient English Poetry,’ remarks 
“that the round table was not peculiar to the reign of King Arthur, 
but was common in all the ages of chivalry, The proclaiming a fe 
tournament (probably with some peculiar solemnities) was called hold- 
ing a Round Table.” And he quotes a from Dugdale, in which 
that learned antiquary, describing a tournament held at Kenilworth by 
Roger de Mortimer, in the reign of Edward L, says, “ Then began the 
Round Table, so called by reason that the place wherein they ii 
those feats was environed with a strong wall made in a round form.” 
Percy adds that Matthew Paris frequently calls jousts and tournaments 
Hastiludia Mense Rotunde. These round tables were probably a con- 
trivance on the principle of the modern Round Robin, to prevent any 
dispute about p lency. There are several circular elevations in 
sc ag parts of England which are still called Arthur’s Round 

‘ables. , 

TABLES, TWELVE. [Twetve Tasuzs,] 

TACK is the technical term in Scotland for a lease, whether of 
lands or edifices; the rent is called the tack-duty, and the tenant the 
tacksman. The Scotch lease, however long its duration, is purely a 
contract, and does not partake—at least in questions between 
and tenant—of the peculiarities of the feudal system. In early times 
itis possible to trace something like an inferior system of in 
the nature of the agriculturist’s tenure; but as all descriptions of per- 
manent estates could be constituted in the land by the adaptation of 
the feudal usages, there wus no temptation to convert the contract for 
the limited occupation and nee of oe lee into a means of constitut- 
ing a semi-proprietary right in it. e system of leases accordingly, 
as one of mere letting and hiring, took its principles from the Romane 
ogni of ceo Mepeerere the ies lh the lessee or tacksman being 
so purely perso t it was in against a pi uiring the — 
lands by purchase from the lessor. Leasehold ptt igen &. in 
questions of succession, and in the form of attachment, employable 
by creditors, have by usage come into the position of real or heritable 
property, and may now be registered and transferred by the appropri- 
ate forms of transfer like estates in fee simple. 

Writing is necessary to constitute a lease, although possession dur- 
ing the part that may remain over a year begun, may be held as a right 
from sufferance and acquiescence in its commencement. Without 
writing the term is for a year only. 

TACKING, The evolutions of a ship when contending with an 
adverse wind are called tacking; and the course upon which a ship 
lies is called its “tack,” and whether the wind blow on the star- 
board- or port-side, these are called starboard or port tacks, In endea- 
vouring to move a ship under sail towards the point from which the 
wind blows, she must necessarily be close ed, that is, her sails — 
rarity so braced as to enable her to proceed as near the wind as 
possible, ; i 

We may illustrate the operation of tacking by reference to a similar 
movement in ourselves, whether on foot or horseback, when we mount 
a steep incline on shore; for, instead of facing the inclination of 
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the hill im its abruptness, we sidle along upwards in a zig-zag direc- 
tion until the summit is reached,—and thus it is with feeding ab sea; 
where, however, we use horizontal angles instead of the vertical ones 
on land. 

The motion of a ship in thus beating to windward (as the whole 
evolution is called) is considerably affected by the form of the ship 
herself ; for barges, and flat or round-bottom vessels make great lee- 
way, or are driven bodily from the wind, and the actual course sailed 
is upon a line which is the resultant of two forces. For supposing 
the wind to be acting in the direction indicated by the arrow in the 
diagram, its power upon the mass of broadside and sails will have a 


to drive it from a towards 8 (this is called leeway), while the 
action of the sails in their obliquity to the keel drives the body also 
forward in the line of keel ac. Now compounding these two forces, 
AB and cD, we have the parallelogram aD as the resultant, while the 


amount of leeway would be measured by a8, and its angle would be 
eAv. Hence tacking is more advantageous to sharp-bottomed vessels 


with arising floor like yachts, cutters, &c., as they offer more vertical 
resistance to the water in arresting the lateral drift aB. Vessels 
having no keel or deadwood are generally furnished with what is called 
a “lee-board,” which working on a strong pin, as at ¢ in the figure, is 
let down below the bottom on the lee side to prevent too much leeway 
when tacking to windward. : 

In order to very briefly explain the operation of tacking (or as it is 
also called “ heaving about”), suppose the figure below to represent a 
ship at a, beating towards the direction of the wind «, and close hauled 


Z 


7 


/ 


on the port tack accordingly, the tiller is put over towards y (“hard 
a-lee”), which causes the rudder to bring the ship’s head to wind, as 
at b, or throws her into “ stays;” just before she reaches this position, 
the afteryards (on the main and mizen masts) are hauled aback and 
then braced as at c, and as soon as the ship’s head is found to be about 
five points from the wind the head yards are braced round likewise, 
and the ship fills with the wind upon the starboard side, as seen at d, 
and she is now on the starboard tack. It is at times a perilous evolu- 
tion, and if there be much sea on is found impracticable. To insure 
success however under ordinary circumstances, the helmsman just 
previously keeps the sails “ clean full” (as the expression is), lest the 
ship’s velocity be insufficient to bring her head to wind ; if it be so, 
her head “ falls off” again, and she is said to have missed stays ; this is 
frequently caused by the helmsman neglecting to shift the helm when 
the ship acquires stern-way. When, from having lost all velocity, she 
will neither stay nor fall off, she is said to be “ jammed up in the 
wind,” or “in irons,” the remedy being to brace the head-yards aback 
and “ pay off.” If such happen when too near shore the danger is 
imminent, (VEERING.) 


END OF VOLUME VII. 


BRADBURY AND EVANS, PRINTERS, WHITEFRIARS, 
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